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ABSTRACT

Introduction: Nowadays, several bacteria have acquired resistance to available antimicrobial
agents making necessary the search for new therapeutic alternatives. Plectranthus amboinicus L.
is a succulent and aromatic herb, popularly known as thick leaf mint, used in popular medicine for
the treatment of colds, digestive diseases, asthma, headache and to fight pathogenic bacteria
activity. In view the antimicrobial activity of P. amboinicus this study had as aim to review
publications involving researches about antimicrobial activity of this species.

*Corresponding author: E-mail: paula.oliveira@ifsertao-pe.edu.br;
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Materials and Methods: For this, PubMed, Scopus, Science Direct and Scielo databases were
consulted in November 2020 using the keywords Plectranthus amboinicus and antimicrobial
activity. In vitro and/or in vivo studies on the antimicrobial activity of the species in the last 10 years
were considered.

Results: The main microorganisms evaluated were: Klebsiella pneumoniae, Mycobacterium
tuberculosis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and some
Candida species. The essential oils had carvacrol, germacrene D, thymol and camphor as main
constituents. Most studies evaluated the antimicrobial activity using broth dilution and agar diffusion
methods. In most studies essential oil, extracts and/or isolated substances showed
significant antimicrobial activity. Synergistic activity was also observed through association with
antibiotics.

Conclusion: P. amboinicus has therapeutic potential for antimicrobial treatments and can be an
alternative to the treatment of resistant microorganisms and that further in vivo and clinical studies

with the species are still needed.

Keywords: Lamiaceae, aromatic herbs; in vitro studies; in vivo studies; biological activities.

1. INTRODUCTION

Microbial resistance is an adaptive and natural
process to selective pressure from the
environment that occurs through genetics
modifications [1]. However, the irrational use of
antimicrobial agents by humans as well the
indiscriminate administration in animals has
speed up this process [2,3]. Different resistance
mechanisms acquired by microorganisms can be
transferred to humans through to direct
intake or to food products made with this animals
and all these practices makes the microbial
resistance a public health problem [2-5].

In view the microbial resistance to therapeutic
agents available nowadays, is necessary the
searches by new alternatives and medicinal
plants are an extensive source for this discovery.
Antimicrobial activity of medicinal plants extracts
and their essential oils have been seen place
over the years, and among species with proven
antimicrobial potential, we have the specie
Plectranthus ~ amboinicus ~ (Lour.)  Spreng
(Lamiaceae) [6—-10].

P. amboinicus is a succulent and aromatic herb
(Fig. 1) know in Brazil as malvarisco, french
oregano and thick leaf mint and widely used in
folk medicine to treat constipations, digestive
disorders, asthma, headaches [11]. In Brazil, this
species is so important which even nowadays in
one of the most cited medicinal species by the
indigenous population Munduruku — Ipaupixuna,
Brazil for treatment of asthma, eye cleansing, flu,
inflammation and injuries [12]. Studies carried
out with extracts from several parts of this
specie showed its antioxidant, anti-inflammatory,
analgesic, antitumor and antiplatelet activities

[13]. Its essential oil has antimicrobial potential
and presents, in general, the compounds
carvacrol and transcarophyllene as main
[13-17]. In view of human health problems this
study has as aim to reach an overview
about studies carried out with P. amboinicus
involving antimicrobial activity in the least 10
years.

Fig. 1. Plectranthus amboinicus (Lour.)
Spreng



2. EXPERIMENTAL PART
2.1 Methodology

Research it was carried out in November of 2020
in specialized data bases PubMed, Scopus,
Science Direct and Scielo using the key-words P,
amboinicus and antimicrobial activity, with search
terms throughout the manuscript. For data
acquisition, it was considered whole and
available articles published in Portuguese or
English containing in vitro and or in vivo studies
about antimicrobial activity from extracts or
essential oils of P amboinicus from the least 10
years.

3. RESULTS AND DISCUSSION
3.1 Agar Diffusion Methods

Agar diffusion methods are used in laboratories
to assess the microorganisms' susceptibility to
different substances. In the disc-diffusion
method, drugs impregnated in a special paper
disc have the antimicrobial potential evaluated
through its diffusion capacity over the agar plate.
In view of its practicality, the disc-diffusion
method is widely employed in antibiogram
qualitative assays. A second alternative also very
employed consist in drill wells into agar plate with
sterilized apparatus followed of the direct
solution drug apply [18,19].

In Agar diffusion assays, drugs with antimicrobial
potential show a growth inhibition halo with
diameter proportional at its antimicrobial potential
and, strong antimicrobial potentials are
considered when halos with at least 15 mm of
diameter are achieved [20]. According to with this
parameter, P. amboinicus essential oils have
strong antimicrobial activity against several
strains as Staphylococcus aureus [21-26],
MRSA, S. epidermidis, Enterococcus faecalis
[25], Aeromonas caviae [21], Proteus vulgaris

[21], Escherichia coli [22,23,25,26],
Pseudomonas aeruginosa [22,25], Salmonela
sp. [26] Aspergillus niger [21] and

Candida albicans [22] showing halos which
range to 17-42 mm with concentration-
dependent profile.

In developed studies, S. aureus including multi-
drugs resistant S. aureus has been show as the
most sensible strains to P. amboinicus essential
oils. This bacterial is a common pathogen that is
associated with serious community infections
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and known as major cause of food poisoning due
to the production of enterotoxins [27].

For studies raise and in many cases, the growth
inhibition potential of P amboinicus essential oil
was higher than standard drugs as [22,26],
where P. amboinicus essential oil showed most
efficiency that than the drugs Cefepime and
Gatifloxacin [22]. Another study showed higher
inhibition zones for the essential oil in relation to
vancomycin against gram-positive bacteria and
cefotaxime against E. coli [25]. For S. aureus
strains collected from foods, P. amboinicus
essential oil and its main compound were able to
inhibit the bacteria growth of all 35 strains
including among these, the 28 strains oxacillin or
vancomycin resistant [24].

A common point observed in studies carried out
P. amboinicus essential oil was the positive
correlation between carvacrol or thymol
concentrations and growth inhibition potential.
Essential oils where carvacrol or its isomer was
main compound showed, in general lines, the
higher inhibition halos [21,22,24,25]. To prove the
correlation between carvacrol and the growth
inhibition [24] tested this chemical compound
against the 35 strains from foods and as
expected, the carvacrol showed strong and
superior activity to essential oil with 88.17% of
carvacrol in its chemical constitution [24].

Carvacrol  (5-isopropyl-2-methylphenol)  and
thymol (2-isopropyl-5-methylphenol) are phenolic
terpenoids and isomers of position known by its
antibacterial and antifungal activities [27,28]. In
view the strong antimicrobial activity, studies
were carried out to understand its action
mechanism and the results showed that both,
carvacrol and thymol, act causing changes in
surface electrostatic of the cell membranes and
damages in the membrane integrity of fungi and
bacteria in a short time interval [28]. In addition,
for S. aureus it was proved that carvacrol and
thymol suppress coagulase and lipase enzymatic
activities inhibiting, as consequence, the
production of staphylococcal enterotoxins. The
authors agree that the this founding are linked to
prevention of protein secretion promoted by
changes in the membrane integrity, once that the
intercalation of active plant compounds into the
cytoplasmic membrane may interfere with the
process of membrane associated signal
transduction and impair the function of some
membrane proteins, resulting in changes to
the architecture and composition of the cell wall
[27].



Extracts from different parts from P. amboinicus
have been also evaluated, using agar diffusion
methods, against several bacteria and the fungus
C. albicans. As observed to essential oils S.
aureus was the most susceptible strain, but in
general, the extracts efficiency is lower than the
observed to essential oils because even using
higher concentrations the growth inhibition
halo are lower diameter when compared to
essential oils [22,29-34]. This nature can be
linked to the complexity of extracts where even
having compounds with proved activity, its
concentrations become too low to reach their
potential effectiveness.

Several solvents are used to obtain P
amboinicus extracts but the extractions with
methanol and ethanol showed the better results
[22,29-34]. It was observed in study developed
by [32] a significant decrease in antibacterial
activity when the extracts were obtained with
more diluted hydroalcoholic solutions [32].

In an interesting study, the crude P. amboinicus
was used to prepare a mouthwash and the
formulation coating only 3% of crude extract was
able to inhibit the S. aureus and S. mutans
growth, but similar to others studies with extracts
the authors can't identify the/or compound(s)
responsible by results. In general, the
antimicrobial activity is linked, but not
conclusively, to presence of phenolic compounds
[31] and flavonoids [33], showed to us that
further studies about chemical composition
and antimicrobial activities for extract are
necessary.

3.2 Broth Dilution Methods

Broth dilution methods consist in evaluating cell
growth, in liquid culture media, against
antimicrobial agents in different dilutions and
against different standard antibiotics. It is can be
classified in macro or microdilution according to
culture media volume used. Macrodilutions was
carried out using 1-10 mL of culture media while
microdilutions with only 0.1-0.2 mL, but in both
methods, the bacterial inoculums have a
standardized concentration. These methods
have as an advantage its practicality and the
ability to provide quantitative and more
representative results of antimicrobial activity
because are able to provide the concentration
where the cell growth is inhibited and also the
death concentration though minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) [19].
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Despite is advantages studies of antimicrobial
potential from natural products by broth dilution
methods are susceptible to misinterpretation
because no parameters are really set for
extracts, essential oils or phytochemical
compounds by reference agencies as the Clinical
and Laboratory Standards Institute (CLSI). In all
articles used in this review, no cut-points used as
references values it was showed, the authors to
attribute a classification of its results as strong or
weak but dont show to readers which
parameters were been used.

Several authors have draws attention for this
problem and suggest that results are considered
relevant when ICg, values below 100 pg.mL'1 for
extracts and below 25 yM for pure compounds
are achieved [35]. However, as evidenced in
literature these criteria don't is a useful one that
most studies are expressed its results as MIC. In
this same paper the author suggest a new
criteria where activity of plant extracts will be
classified as significant (MIC < 100 pg.mL™"),
moderate (100 < MIC < 625 pg.mL™") or weak
(MIC > 625 pg.mL™). In addition, significant
activity (MIC < 10 ug.mL""),moderate (10 < MIC <
100 pg.mL") and low or negligible (MIC >
100 pg.mL™) to isolated compounds and this
values it was based in its literature review
[36].

For P. amboinicus essential oils and extracts was
often investigated concerning its antimicrobial
capacity against bacteria gram-positives and
gram-negatives as well as against fungi strains.
In include papers of this review, the bacteria
most studied are S. aureus and E. coli, bacteria
gram-positives and gram-negatives respectively,
while Candida species are the main responsible
for the fungi.

According to Kuete criteria [36], P amboinicus
essential oils showing antibacterial activity that
vary among strong and weak activity. In Ceara
Brazilian state, essential oils from leaves and
steam, and the carvacrol, your main compound
with 88.17% (Table 1) had it moderate
antibacterial potential prove against two S.
aureus strains: ATCC 6538 and, oxacillin and
vancomycin-resistant (OVRSA). P. amboinicus
essential oil showed 0.25 mg.mL'1 and 0.5
mg.mL" as MICs values for standard and
resistant strains respectively, while carvacrol
showed 0.25 mg.mL™" MICs values against both
[24,37]. In others studies where carvacrol or its
isomer thymol were among the main chemical
compounds, strong antimicrobial activities it was



observed and in general lines, the authors
attribute the observed results to the major
components of essential oils [22,23,38].
Interestingly, the essential oil with higher
carvacrol content showing a moderate potential
[24] while the others had strong potentials with
MIC values range to 32-50 pg.mL'1 [22,23,38]
but, although these results and the authors'
justifications seem to be at variance, the
inoculums concentration used in assays can be
the key. In study carried out by [241 the cell
suspension it was started at 1.25 x 10° UFC/mL
while for others, the cell suspension it was
started at 10° UFC/mL this differences
reinforce, and the same results profile to
E. coli, one more time, the standardization
necessity in order that the results can be
compared.

The importance of carvacrol and its isomers
presence in P. amboinicus essential oils for
antibacterial activity gains reinforcement when
comparing the following studies. A essential oil
containing germacrene D as main compound, in
study carried out by Aguiar et al. [39], the MIC
value against S. aureus and E. coli increased in
10 and 2.56 times respectively, when compared
to value found by Manjamalai et al. [22] against
the same strain. Questions about inoculum
suspension can be raised, but for study where
the sesquiterpene germacrene D it was the main
compound, with inoculum suspension starting
into only 10° UFC/mL, an lowest antibacterial
activity it was found.

P. amboinicus essential oils had showing also
synergic effect when associated to standard
drugs. In the study where P. amboinicus
essential oil had 54.4% of carvacrol the MIC
initial were: E.coli (MIC 256 pg.mL'1), P. vulgaris
(MIC 64 ug.mL™), B. cereus (CIM 512 pg.mL™"),
P. aeruginosa (MIC 128 ug.mL™), S. aureus (MIC
128 yg.mL™") e S. aureus (multiresistant) (MIC 32
ug.mL") and only P aeruginosa showed
resistance (MIC = 1024 ug.mL™"). However, when
the same essential oil it was associated to
aminoglycosides amikacin, kanamycin and
gentamicin the antibacterial potential it was
increased and the MIC values it was reduced to
the half [38]. This synergism can be observed
even at low concentrations of carvacrol. The
association among sample with 17% of carvacrol
and ciprofloxacin, streptomycin and
chloramphenicol promoted reduction in MICs
values for S. aureus and the association with the
same oil it was able to promoted synergistic
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effect against S. aureus (multiresistant) and B.
spizizenii [37].

Similar results it was noted when P. amboinicus,
containg germacrene D (38.6%) as main
compound, it was associated to amikacin and
gentamicin. The synergism between essential oil
and standard drugs reduced the MICs values to
30, 60 e 15 ug.mL™" for S. aureus, E. coli and P,
aeruginosa respectively, for amikacin. When the
association it was made with gentamicin, the MIC
it was reduced to 15, 20 and 9 pg.mL'1 for S.
aureus, E. coli and P. Aeruginosa respectively
[40,39].

A probable explanation to results showed before,
can be linked to fact that terpenes as carvacrol,
thymol and germacrene D are able to alter the
cell wall or disrupt the cell membrane facilitating
drug uptake, but studies about this suggestion
are necessary.

About antimicrobial activity from P. amboinicus
extracts it is possible to affirm that extracts have
less potential than essential oils. In selected
papers for this review, only the study carried out
with specie collected in Egypt had good results
against gram-positives strains. The alcoholic and
aqueous extracts and lyophilized juice of the
leaves against S. mutans and L. Aciddfilo, had
powerful MICs values range 3.85-100 pg.mL
[29]. But, as view in most other studies, the
authors made no relation between the chemical
composition and observed results.

3.3 Antiparasitic Activity

P. amboinicus essential oils and extracts studied
about its antiparasitic activity. The antileishmanial
activity of P. amboinicus essential oil it was
evaluated in vitro against Leishmania (Viannia)
braziliensis and after 48 h of treatment with 2.5%
of essential oil, a reduction in promastigotes
growth like amphotericin it was observed. In view
the promising results, studies in vivo it was
carried out, but no positives result it founded,
whereas no differences were observed between
the treated and untreated related to lesion
thickness. The authors associated the results in
vivo to variables as: used concentration,
administration form, treatment time and/or
necessity of association of essential oil to other
vegetable materials to efficacy increase [40].
Despite  the authors'  suggestion, the
concentration variable can apparently be
discarded since the behaviour of P. amboininus



essential oil, also containing carvacrol as a
majority compound, varies concerning different
species of organisms. Against other organisms
the essential oil and carvacrol presented strong
growth inhibition. For example, very low ICs
values it was observed against Plasmodium
falciparum (1Csqg = 5.9 p%g.mL'1), Trypanosoma
brucei (ICso = 34.9 yg.mL"’) and L. amazonensis
(ICso = 58.2 yg.mL™") and this results shown to
us that the organism specie is probably the main
factor [41].

Against P. berghei the antimalarial activity, it was
evaluated in several concentrations.
Prophylactically the extract at concentrations of
50, 200 and 400 mg.kg” showed a capacity to
reduce parasitic load, which not observed for the
dose of 1000 mgkg' In curative and
suppression assays, the parasitemia not
significantly reduced. The extract did not present
a toxic risk in acute tests and the authors
conclude that the extract may have the
potential to be used as preventive against
malaria [42].

3.4 Action Mechanism Investigations

The most studies to attribute the essential oil
antimicrobial  activity to its hydrophobic
characteristics. Hydrophobic compounds can
permeate and promote destabilization of the cell
membrane and this mechanism, is widely
cited in the literature [43]. To P. amboinicus
essential oils these permeation and
destabilization abilities are attributed to main
compounds as carvacrol, thymol and
germacrene D [24,39,44]. However, the most
articles used in this review, do not carry out
assays to prove the really action mechanism of
its samples.

Against K. pneumonia (ATCC and clinical
isolates) using violet crystal and urease assays,
P amboinicus essential oil with 98.03% of
carvacrol and controls (ciprofloxacin and EDTA)
have its permeabilty and  enzymatic
potential evaluated. As results, the authors could
verify the capture potential of violet crystal of
essential oil at one concentration twice higher
that MIC (0.16%), and a significant enzymatic
activity for all tested concentrations. The
capsule expression it was evaluated at the same
concentrations and reductions in this parameter it
was observed out 1/8 MIC and when 1/4 MIC it
was used only cellular debris was observed
[17]. These results show to us the mechanisms
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possible to P amboinicus essential oil
when carvacrol is the main compound, but as the

chemical composition in essential oils are
variable, the action mechanism turning
out an interesting point to be more researched.

3.5 In vivo Assays

Hydroalcoholic and ethyl acetate fractions from
P. amboinicus promote a fast-wound healing of
mice in skin infection model using S. aureus
(MRSA) as infectious agent. The hydroalcoholic
extract it was able to reduce the cell viability and
to promote fast wound healing at 500
mg/kg/dose while ethyl acetate fraction to
promote fast wound healing at 250 and 500

mg/kg/dose, showing results superior to
vancomycin and according authors, the
promising results can be attributed to

antimicrobial potential of P amboinicus [45].
Only one study founded with in vitro tests using
the species, making evident the need for further
research.

3.6 Main Active Substances Identified

In Table 1, we bring a resume of main chemical
compounds founded in P. amboinicus essential
oils. Among the main compounds, the carvacrol
isolated it was the most used in antimicrobial
assays for being considered the chemical
compound responsible by antimicrobial potential
of essential oils. The Table 2 shows the plant
segments used for extracts preparations in
founded studies. Both for studies with essential
oil and with extracts of different types, important
information are missing. Some provide
incomplete information about place and time
collection of vegetable material and the most
used extracts do not  submitted to
adequate chemical characterization, for
identification of compounds with possible
biological activity.

3.7 Studies Using Drug-Delivery Systems

Nanoparticles are considered molecules with
promising biological properties due to its
physico-chemical characteristics as its reduced
size. The synthesis can occur by chemical,
physical, electrochemical methods, among
others, but green synthesis has been widely
used due to its lower environmental impacts
[58-60]. Six studies using P. amboinicus extracts
in nanoparticles systems it was founded.
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Table 1. Main compounds founded in P. amboinicus essential oils

Main compound (%) by GC-MS Collection local Plant segment Season Reference
Carvacrol 88.17 Cariri, CE, Brazil Leaves and stems  Fall (2014) [24]
Carvacrol 90.0-98.0 Fortaleza, CE, Brazil Leaves - [17]
Thymol 61.5 Fortaleza, CE, Brazil Leaves - [44]
Germacren-D; Carvacrol 38.60; 90.55 Crato and Fortaleza, CE, Brazil Fresh leaves - [46]
Thymol 64.3 Crato, CE, Brazil Fresh leaves Spring (2007) 9]
Germacrene-D 38.6 Crato, CE, Brazil Fresh leaves - [39]
Carvacrol 54.4 Crato, CE, Brazil Aerial parts Spring (2010) [38]
Carvacrol; Camphor 23.0;22.2 Comoros Archipelago, West Africa Dried leaves Fall (2008) [23]
Carvacrol - Lavras da Mangabeira, CE, Brazil - - [40]
Thymol 18.09 Siruvani Falls, India Fresh leaves - [22]
- - Campina Grande, PB, Brazil. Leaves - [47]
Carvacrol 37.7 Nova Odessa, SP, Brazil Leaves Fall (2014) [48]
Carvacrol and 0-3-carene 17.9; 15.2 Monvert, Mauiritius Island Leaves Summer (2018)  [37]
Carvacrol 51.3 Bago City, Negros Occidental, Philippines Dried leaves - [25]
Carvacrol 71.0 Havana, Cuba Aerial parts 2017 [41]
CE: Ceara state; PB = Paraiba state; SP = Sdo Paulo state.

Table 2. Characteristics of P. amboinicus extracts used in studies of antimicrobial activity
Extraction Solvent Country Plant segment Season Identified Reference
method compounds
Decoction Water India Fresh leaves - - [49]
Decoction Water India Fresh leaves - - [50]
Decoction Water India Leaves Winter (2015) - [51]
Decoction Wates India Dried leaves - - [52]
Soxhlet Methanol India Dried plant Summer (1998-2001) [30]
Maceration Ethanol 70% Brazil Dried plant Winter (2007) and summer (2008) - [20]
Maceration Ethanol Brazil Dried plant - Tannins and flavonoids [53]
Percolation Ethanol 70% Egypt Dried leaves 2008-2010 Caffeic acid, eriodictinol, [29]

rosmanic acid, coumaric
acid, luteolin, chrysoeriol,
quercetin
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Extraction Solvent Country Plant segment Season Identified Reference
method compounds
- Ethanol 30%, Mexico Dried leaves - - [32]
35%, 40% and
70%
Turbolysis Water - Dried leaves - - [54]
Maceration Ethanol 96% - Dried leaves Flavonoids, glycosides, [33]
saponins, tannins,
triterpenes and steroids
- Brazil Leaves - - [47]
Maceration Ethanol 70% Brazil Fresh leaves - - [45]
and 99%
Maceration Ethanol 95% Malaysia Fresh leaves Dry season (2011) Flavonoids [42]
Maceration Water India Fresh leaves 2011 Phenolic compounds, [55]
flavonoids, coumarins and
monosaccharides.
Gallic acid, chlorogenicacid,
caffeicacid, coumaric acid,
rutin and rosmarinic acid
Mechanical methanol, Malaysia Dried leaves Tropical and rainy weather (2015)  Tetracontane, [30]
agitation acetone and Tetrapentacontan, Acetone
hexane extract:
Squalene, phytool,
carvacrol,
tetrapentacontane
Mortar milling Ethanol India Fresh leaves - - [56]
Sonication Methanol Truro, Dried leaves Fall (2015) and spring (2016) Phenolic compounds [57]
United
Kingdom




In the synthesis of silver nanoparticles, extracts
from the leaves of P. amboinicus were used as
reducing agent of AgNO; salt. In further, the
antimicrobial potential of nanoparticles it carried
out using agar disc-diffusion method. E. coli and
Penicillium spp. it were the species most
susceptible showing inhibition zones with 9 mm
and 7 mm, respectively using only 16 pL of
nanoparticles solution [49]. In other study, better
results it was observed for higher tested
concentration (200 ug.mL") against S. mutans
(10.89 + 0.89 mm) and L. acidophilis (11.13 +
0.31 mm) very close to observed to vancomycin
15.17 + 1.1 and 15.69 + 1.3 mm to S. mutans
and L. acidophilis respectively [48]. From 100
ug.mL™ [51] observed inhibition zones similar to
[48] for S. aureus (10 mm), B. subtilis (10 mm),
P. vulgaris (15 mm), P. aerogenosa (11 mm) and
C. albicans (12 mm). In this article, the authors
considered sensitive the strains with inhibition
zones = 19 mm, when the concentration was
doubled only P vulgaris (19 mm) showed
sensitivity.

P. amboinicus extracts were used also in
development and antimicrobial evaluation of zinc,
CuO and NiO nanoparticles. The obtained
nanoparticles were able to inhibit the cell grown
of S. aureus (MRSA) ATCC 33591 at 8 and 10
ug.mL™ with 11 and 13 mm of inhibition zone
respectively, using agar disc-diffusion method.
The authors highlight still the strong anti-biofilm
and larvicidal activities against bacteria S. aureus
(MRSA) and instar mosquito larvae Anopheles
stephensi, Culex quinquefasciatus and C.
tritaeniorhynchus [50]. Similar inhibition zone
results were observed by Ramesh et al. (2020)
[52] in study using NiO nanoparticles against
Proteus spp. and Candida spp. (11 mm). CuO
nanoparticles were tested against six strains of
bacteria and four strains of fungi. At 150 pg.mL”
the largest inhibition zones were observed for E.
coli (13.65 + 0.88 mm), K. pneumonia (13.40 +
0.86 mm) and P. aeruginosa (13.05 + 0.84 mm)
[61].

4. CONCLUSION

P. amboinicus essential oils and extracts from
different regions showed antimicrobial activity
with concentration dependence. The
monoterpene carvacrol it was the main
compound founded in the most studies and
showed antimicrobial activity. Its antimicrobial
activity superior to essential oils in some
moments make the authors relate its presence to
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antimicrobial activity although it is necessary to
develop further studies with isolated compounds
and mechanisms of action. The main methods
used by authors were agar disc-diffusion method
and microdilution, but the comparison among
results it is very hard given the lack of
standardization in the methodologies used as
well as the absence in chemical characterization
and vegetable data collection. Even in view of
the species' proven antimicrobial activity, most of
the studies developed are simple with in vitro
tests. It observed also that studies about
development of technological products using P.
amboinicus are scarce. Therefore, this review
highlights the need for continued research to
further study in vivo and clinical trials with the
species.
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