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This study evaluated the effectiveness of the essential oil of
Pimenta pseudocaryophyllus in inhibiting the growth of the
main bacteria responsible for bad perspiration odor (Staphy
lococcus epidermidis, Proteus hauseri, Micrococcus yunnanensis
and Corynebacterium xerosis). The chemical profile of the essential oil was evaluated by high-resolution gas chroma
tography (HR-GC) and four constituents were identified,
eugenol being the major component (88.6 %). The antimi
crobial activity was evaluated by means of the turbidi
metric method, using the microdilution assay. The minimum inhibitory concentration (MIC) values of the essential
oil ranged from 500 to 1,000 μg mL–1. Scanning electron microscope (SEM) observations confirmed the physical damage and morphological alteration of the test bacteria treated
with the essential oil, reference drugs and eugenol. The
findings of the study demonstrated that this essential oil
can be used in the formulation of personal care products.
Keywords: Pimenta pseudocaryophyllus (Myrtaceae), essential
oil, eugenol, antimicrobial activity, scanning electron micro
scopy

The human body odor is the unpleasant smell caused by mixing of sweat and bacteria
on the skin. Personal care products are used to mask and reduce body odor caused by the
microbial metabolism of sweat. Some personal care products contain antimicrobial agents
that decrease the number of bacteria and consequently avoid the unpleasant smell of the
microbial secretion compounds (1). However, some antimicrobial chemicals are associated
with adverse effects such as hypersensitivity, allergic reaction, immunity suppression, and
microbial resistance that can emerge with its indiscriminate use. In this context, it is necessary to search for other substances that could serve as alternatives to such products (2).
Essential oils are widely used for cosmetic applications such as perfumes, cosmetics,
soaps and deodorants (3). They contain a mixture of many compounds (terpenes, alcohols,
acetones, phenols, acids, aldehydes, and esters), which are functional components in phar-
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maceuticals (4). The usage of cosmetics and personal care products with natural ingredients has been growing at an average rate of about 15 % over the last few years (5).
Several studies of the genus Pimenta have been run due to its potential biological functions. The species Pimenta pseudocaryophyllus belongs to the family Myrtaceae (6) found in
the Atlantic Rain Forest and sporadically in Cerrado (Brazil) (7). According to Paula et al.
(8), differences in essential oil constituents between different regions of Brazil were observed indicating the possibility of chemical polymorphism in this plant species. The essential oil from P. pseudocaryophyllus has various applications, such as flavoring, in cosmetics and perfumes, and insecticidal. In addition, it has pharmacological importance due to
its analgesic, antibacterial and sedative properties (3, 9).
The aim of the present study was to evaluate the antimicrobial activity of the essential
oil from Pimenta pseudocaryophyllus (Gomes) L.R. Landrum against the main bacteria responsible for bad perspiration odor.
EXPERIMENTAL

Essential oil
The essential oil from Pimenta pseudocaryophyllus (lot CRAVOCA02) was obtained
from Lazlo Aromatologia Ltda (Brazil). Eugenol (99 %) was obtained from Sigma-Aldrich
(USA).

Gas chromatography
To get an insight into the main chemical constituents of the essential oil, an aliquot
was subjected to analysis by high-resolution gas chromatography (HR-GC) (HP 5890
(Hewlett-Packard, USA) equipped with a flame ionization detector. A BP-1 (SGE) 30 m ´
0.25 mm column was used and a column temperature gradient (initial = 60 °C; then an
increase of 3 °C min–1 up to 220 °C), injector (split of 1/50) and detector at 220 °C. The carrier gas used was hydrogen (2 mL min–1) and the injection volume was 1 mL. Samples were
diluted to 0.5 % (V/V) in chloroform. Identification of essential oil components was based
on the retention times of sample components and a mixture of n-alkanes from C10-C18; the
calculated Kovats index was compared with the available literature (10).

Antimicrobial activity
Microorganisms. – Micrococcus yunnanensis (ATCC 7468), Proteus hauseri (ATCC 13315)
and Staphylococcus epidermidis (ATCC 12228) were obtained from the American Type Culture Collection (Manassas, USA). Corynebacterium xerosis (IAL105) was obtained from the
Adolfo Lutz Institute Culture Collection (São Paulo, Brazil).
Antimicrobial screening and minimum inhibitory concentration (MIC). – Inhibition of microorganism growth was determined by the turbidimetric method using a microdilution
assay in a sterile 96-well microplate (Sarstedt, Germany) (11). Each well contained 100 mL
of the essential oil (62.5 to 1,000 μg mL–1 eugenol) and 100 mL of brain heart infusion (BHI)
for C. xerosis or Mueller Hinton broth (MHB) for the others, with the bacteria representing
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approximately 4 ´ 103 colony-forming units (CFU) mL–1. Microplates were incubated at 35 °C
for 24 h. After that, 30 mL of aqueous solution of 0.01 mg mL–1 resazurin (Sigma-Aldrich)
was added into each well and the microplate was reincubated for four hours. The MIC
values were determined by the change in color, with the highest dilution remaining blue
indicating the MIC. Chloramphenicol (0.025–250 mg mL–1) and neomycin (0.0125–125 mg
mL–1) (both from Galena, Brazil) were used as reference drugs. In addition, the assay was
also done with eugenol (62.5 to 1,000 mg mL–1), which was identified as a major component
of the essential oil. Tests were carried out in triplicate.
Minimum bactericidal concentration (MBC). – To determine the minimum bactericidal
concentration value, wells showing the absence of growth in the MIC assay were identiﬁed
and 20 mL of each well content was transferred to tubes with tryptone soy broth (TSB). The
tubes were incubated at 35 °C for 24 h. The MBC value was regarded as the lowest concentration of the essential oil where no visible growth was observed.
Scanning electron microscopy analysis. – SEM was used to investigate morphological
changes in the strains of interest submitted to the treatment with the essential oil, chloramphenicol and neomycin. SEM was carried out by a method adapted from Gao et al. (2).
Bacterial cells were incubated for 24 h in MHB (S. epidermidis, P. hauseri, M. yunnanensis) or
BHI (C. xerosis) at 35 °C. The suspension was treated with essential oil, eugenol or the
reference drug (chloramphenicol or neomycin) at MIC value, and then the samples were
reincubated at 35 °C for 24 h. After incubation, cells were harvested by centrifugation for
10 min at 5,000xg and transferred onto slides. The cells were fixed with 2.5 % glutaraldehyde (Sigma-Aldrich) for 12 h. After that, the slides were washed with 0.1 mol L–1 phosphate buffer solution (pH 7.4), dehydrated with increasing concentrations of ethanol (50 to
99 %) at an interval of 20 min between each exchange, and dried at room temperature. The
slides were mounted onto stubs using double-sided carbon tape and then metallized in
Balzers Union FL – 9496 (Balzers, Germany) with two nm of gold for two min. They were
then analyzed in the scanning electron microscope JSM 5310 (Jeol, Japan) under 25 kW of
power.
RESULTS AND DISCUSSION

According to Bakkali et al. (12), essential oils are characterized by two or three major
components at fairly high concentrations (20–70 %) compared to other components present
in trace amounts. In the present work, eugenol was the major component (88.6 %) found in
the essential oil of P. pseudocaryophyllus. This finding is in agreement with a previous report, which stated that the major components of the essential oils of the genus Pimenta
mainly consisted of phenylpropanoids (eugenol, methyleugenol, transmethyl isoeugenol,
timol), monoterpene (1,8-cineol), monoterpenic aldehydes (neral, geranial) and alcohol derivatives (geraniol, linalol, α-terpineol) (7). Custodio et al. (3) also demonstrated that eugenol (92.6 %) was the major component in the essential oil of pseudocaryophyllus, which also
contained methyleugenol, terpinen-4-ol, o-cymene and E-caryophyllene. However, Lima
et al. (9) obtained different results from two specimens of P. pseudocaryophyllus collected
from different locations. For a specimen collected from Paranapiacaba, 4-methyleugenol
(94.6 %) represented the main component and according to the authors, the observed differences in antimicrobial activity could be due to variation of the major component.
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The compounds identified in this work are listed in Table I according to their elution
order (Fig. 1). In total, four constituents were identified, representing 95.1 % of all components in the essential oil of P. pseudocaryophyllus. Results showed eugenol (88.6 %) as the
major compound in the essential oil, followed by b-caryophyllene eugenyl acetate and
1,8-cineole.
The essential oil of P. pseudocaryophyllus exhibited bacteriostatic activity against all the
bacteria tested, except for S. epidermidis. The data also reveal the bacteriostatic activity of
eugenol against all bacteria and bactericidal activity against P. hauseri ATCC 13315 and C.
xerosis IAL105. The MIC values of the essential oil and eugenol ranged from 500 mg mL–1 to
1,000 mg mL–1 (Table II). Possible minor effects of the other components of the essential oil,
such as b-caryophylene, eugenyl acetate and 1,8-cineole, need yet to be elucidated.
Paula et al. (8) showed antimicrobial activity of essential oils of P. pseudocaryophyllus
against S. epidermidis ATCC 12229 and M. yunnanensis ATCC 9341. However, these authors

Fig. 1. Chromatographic profile of the essential oil from P. pseudocaryophyllus. Peaks lower than 0.1 %
were not identified.
Table I. Chemical composition of the essential oil from P. pseudocaryophyllus
No

Compound

Content (%)

1

1,8-cineole

0.7

1019

2

eugenol

88.6

1266

3

eugenol acetate

1.0

1284

4

b-caryophyllene

4.8

1297

total

95.1

The components not listed are present in amounts smaller than 0.1 %.
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Table II. Minimal inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC)

Microorganism

Essential oil

Eugenol

(µg mL–1)a

(µg mL–1)

Chloramphenicol
(µg mL–1)

Neomycin
(µg mL–1)

MIC

MBC

MIC

MBC

MIC

MBC

MIC

MBC

–

–

1,000

–

2.5

25

1.25

1.25

P. hauseri ATCC 13315

500

–

500

1,000

2.5

25

12.5

12.5

M. yunnanensis ATCC 7468

500

–

1,000

–

2.5

25

12.5

125

1,000

–

1,000

1,000

25

250

1.25

1.25

S. epidermidis ATCC 12228

C. xerosis IAL105

On the basis of eugenol.
–	Not detected at all tested concentrations (62.5 to 1,000 mg mL–1 of eugenol or essential oil).
Concentrations higher than 1,000 mg mL–1 were not tested.

a

studied two different chemotypes (E-methyl isoeugenol and citral) and not eugenol. The
authors suggest that E-methyl isoeugenol differs structurally from eugenol.
Leite et al. (13) evaluated the effectiveness of eugenol in inhibiting S. epidermidis ATCC
12228 and S. epidermidis SSI 1 and they showed antibacterial effect with MIC of 5 mL mL–1
for both microorganisms. Similar results were reported by Hammer and Heel (26), who
found the MIC value of eugenol of 0.2 % (V/V) against S. epidermidis ATCC 12228. In addition, Oyedemi et al. (14) demonstrated the bactericidal effect of eugenol against Proteus
hauseri ATCC 43071 [MIC = 0.5 % (V/V)] and suggested that the cytoplasmic membrane was
a target for eugenol action.
Low MBC values of reference drugs were found while the essential oil only demonstrated bacteriostatic activity. Although the MIC values of the essential oil of P. pseudocaryophyllus were higher than those of chloramphenicol and neomycin, it may be an alternative bacteriostatic agent. This makes it an alternative to be used in cosmetic and
personal care formulations, also due to its pleasant and attractive aroma.
No studies of the essential oil of P. pseudocaryophyllus demonstrating the antimicrobial activity by SEM have been done so far. However, Devi et al. (15) studied the antibacterial activity of its chemotaxonomic marker, eugenol, and its mechanism against Salmonella typhi. SEM examination revealed that rough surface morphology and shrinkage of
cells were apparent in the cells treated with eugenol, when compared to the untreated
ones. Our SEM observations confirmed the physical damage and morphological alteration to the tested bacteria treated with the essential oil, eugenol and reference drugs
(chloramphenicol and neomycin). Bacterial cells treated with the essential oil and reference drugs demonstrated a destructive effect on the morphology of cell membrane, showing wrinkled abnormalities on the cells, cleft and pore formation. Some cells showed
damage such as disruption or deformities in cell membranes. Cells exposed to eugenol
also showed altered morphology compared to the control group. The SEM images are
shown in Fig. 2. Such morphological features in bacterial cells might be due to the lysis
of the cell membrane.
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Fig. 2. SEM images of bacterial cells: A) not exposed to substances of interest, B) exposed to chloramphenicol, C) exposed to neomycin, D) exposed to eugenol, E) exposed to essential oil of P. pseudocaryophyllus. 1 – S. epidermidis ATCC 12228, 2 – C. xerosis IAL 105, 3 – M. yunnanensis ATCC 7468, 4 – P.
hauseri ATCC 13315. a – destroyed cell, b – aggregated/deformed cells, c – disruption and lysis of
membrane integrity, d – shows pore formation.

CONCLUSIONS

The findings of the present study demonstrated that the essential oil of Pimenta pseudocaryophyllus has a bacteriostatic activity against the main microorganisms responsible
for bad perspiration odor, probably due to its high content of eugenol. Therefore, this essential oil can be used in the formulations of personal care products.
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