
Antimicrobial activity of essential oils from Lippia alba, Lippia sidoides, Cymbopogon citrates, Plectranthus amboinicus, and...

Ciência Rural, v.48, n.6, 2018.

1

Antimicrobial activity of essential oils from Lippia alba, Lippia sidoides, 
Cymbopogon citrates, Plectranthus amboinicus, and Cinnamomum zeylanicum 

against Mycobacterium tuberculosis

Atividade  antimicrobiana  de  óleos  essenciais  de  Lippia  alba,  Lippia  sidoides,  Cymbopogon  citrates,  
Plectranthus  amboinicus,  e  Cinnamomum  zeylanicum  em  Mycobacterium  tuberculosis

Aquiles  Paulino  Peres  Mota1   João  Carlos  Pinheiro  Dantas1   Cristiane  Cunha  Frota1* 

ISSNe 1678-4596
Ciência Rural, Santa Maria, v.48:06, e20170697, 2018                                                        

Received 09.29.17     Approved 03.26.18      Returned by the author 05.30.18
CR-2017-0697.R2

 http://dx.doi.org/10.1590/0103-8478cr20170697

INTRODUCTION

Tuberculosis (TB) is one of the oldest 
known infectious diseases, and the World Health 

Organization (WHO) declared it a public health 
emergency 20 years ago. It is currently the second 
leading cause of death due to infectious disease, 
with 10.4 million new cases worldwide in 2016 
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ABSTRACT: The rise in cases of antibiotic-resistant Mycobacterium tuberculosis has become a major obstacle to the effective control of 
tuberculosis (TB) worldwide. Essential oils (EO) are complex mixtures that may contain between 20 and 60 components, with two or three major 
compounds at relatively high concentrations (20-70%) that are responsible for their pharmacological properties. The objective of this study 
was to assess the antimicrobial activity of the EOs, bushy lippia (Lippia alba), rosemary pepper (Lippia sidoides), lemon grass (Cymbopogon 
citratus), Mexican mint or Indian borage (Plectranthus amboinicus), and true cinnamon (Cinnamomum zeylanicum), against Mycobacterium 
tuberculosis H37Rv. Chemical characterization of the EOs was performed by gas chromatography coupled to mass spectrometry. The minimum 
inhibitory concentration (MIC) was determined by the microdilution-based resazurin microtiter assay. Four EOs were able to inhibit the growth 
of M. tuberculosis, with MICs of 286.5±130.2μg/mL (C. zeylanicum), 299.5±117.2μg/mL (L. sidoides), 351.6±39.06μg/mL (P. amboinicus), and 
1,250μg/mL (C. citratus). Only the EO of L. alba showed no antimycobacterial activity at the tested concentrations, with an MIC greater than 
1,250µg/mL. Results of this study suggested that C. zeylanicum, L. sidoides, and P. amboinicus could be important sources of bactericidal 
compounds against M. tuberculosis and require further investigation. The activity against M. tuberculosis of these three EOs has not been 
reported previously. The results show the high potential of the tested antimycobacterial EOs, making them a promising alternative for TB 
treatment. This data also confirms the importance of bioprospecting studies for active substances with antimycobacterial activity, which are 
still scarce.
Key words: anti-bacterial agent, essential oils, Mycobacterium tuberculosis, Lippia alba, Lippia sidoides, Cymbopogon citrates, Plectranthus 
amboinicus, Cinnamomum zeylanicum.

RESUMO: O aumento no número de casos de Mycobacterium tuberculosis resistentes tem se tornado um grande obstáculo no controle efetivo 
da tuberculose (TB) mundialmente. Os óleos essenciais (OE), que são misturas complexas que podem conter entre 20 a 60 componentes, 
apresentam dois ou três compostos principais, em concentrações relativamente elevadas, 20 a 70%, que são responsáveis pelas suas 
propriedades farmacológicas. O objetivo deste estudo foi avaliar a atividade antimicobacteriana dos seguintes óleos essenciais (OEs) em 
Mycobacterium tuberculosis H37Rv: erva-cidreira (Lippia alba), alecrim-pimenta (Lippia sidoides), capim-limão (Cymbopogon citratus), 
orégano (Plectranthus amboinicus) e canela (Cinnamomum zeylanicum). A caracterização química dos OEs foi realizada por cromatografia 
gasosa acoplada a espectrometria de massa. A Concentração Inibitória Mínima (CIM) foi determinada pela técnica de microdiluição 
da resazurina. Quatro OEs foram capazes de inibir o crescimento de M. tuberculosis, com CIM de 286,5±130,2μg/mL (C. zeylanicum), 
299,5±117,2μg/mL (L. sidoides), 351,6±39,06μg/mL (P. amboinicus) e 1250μg/mL (C. citratus). Somente o OE de L. alba não mostrou 
atividade antimicobacteriana nas conscentrações testadas, considerando CIM maiores que 1250µg/mL. Os resultados deste estudo sugerem 
que L. sidoides, C. zeylanicum e P. amboinicus podem ser fontes importantes de compostos bactericidas contra M. tuberculosis e prováveis 
candidatos a serem investigados. A atividade contra M. tuberculosis desses três OEs não foi relatada em estudos anteriores. Os resultados 
mostram o elevado potencial antimicobacteriano dos OEs analisados, fazendo deles uma alternativa promissora para o tratamento da TB. Os 
resultados obtidos demonstraram a importância de pesquisas para bioprospecção de substâncias ativas com ação antimicobacteriana, que 
ainda são escassas.
Palavras-chave: agente antibacteriano, óleos essenciais, Mycobacterium tuberculosis, Lippia alba, Lippia sidoides, Cymbopogon citrates, 
Plectranthus amboinicus, Cinnamomum zeylanicum.
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and approximately 2.1 million deaths, of which 1.7 
million were exclusively due to TB and 0.4 million 
due to HIV/TB co-infection (WHO, 2017).

One of the main factors that have hindered 
TB control worldwide is the increasing number of 
multidrug-resistant M. tuberculosis (MR-TB) cases, 
defined as being resistant to isoniazid and rifampicin. 
The WHO estimated that there were 60 0,000 new 
cases of MDR-TB in 2016, leading to approximately 
190,000 deaths (WHO, 2017).

Although, a large number of drugs have been 
released in the last three decades by the pharmaceutical 
industries, bacillus resistance has hindered the 
development of new drugs, thereby reducing therapeutic 
options (MIGLIORI & SOTGIU, 2010). One of the 
main characteristics of M. tuberculosis is its complex 
cell wall with high lipid content; approximately 60% 
of its composition consists of long-chain mycolic acids 
(FORRELLAD et al., 2013).

Medicinal plants were one of the first 
therapeutic resources available for human health 
maintenance and promotion and they continue to be a 
valuable source of natural products (NASCIMENTO 
et al., 2000). Discovery and development of new drugs 
are important, particularly for the treatment of cancer 
and infectious diseases; moreover, 60% and 75%, 
respectively, of the currently used drugs for cancer and 
infectious diseases are directly or indirectly derived 
from natural sources (NEWMAN et al., 2003).

Medicinal plants produce secondary 
metabolites, such as essential oils (EOs), which are 
complex mixtures that may contain between 20 and 
60 components at very different concentrations. 
Generally, these EOs are present as variable mixtures 
of primarily terpenoids, especially monoterpenes 
and sesquiterpenes; although, diterpenes may also 
be present. In addition, they contain a wide range of 
secondary metabolites that can inhibit or slow the growth 
of microorganisms (SWAMY et al., 2016). Therefore, 
it is believed that medicinal plants are excellent 
alternatives for discovering new drugs, and as novel 
alternatives for TB treatment, they provide an extensive 
source for bioprospecting for active substances. 
Several natural products have already been described 
as exhibiting potent antimycobacterial activity against 
MDR-MTB, including bisbenzylisoquinoline alkaloids 
(SURERAM et al., 2012) and the natural tetramic acid 
vermelhotin from fungi (GANIHIGAMA et al., 2015).

Bioactivity of extracts and EOs of 
Lippia alba (MACHADO et al., 2014), Lippia 
sidoides (FREIRES et al., 2015a), Plectranthus 
amboinicus (VASCONCELOS et al., 2017), and 
Cinnamomum zeylanicum (ANDRADE et al., 2012; 

WIWATTANARATTANABUT et al., 2017) has been 
evaluated with promising results in assays against 
gram-negative and gram-positive bacteria. In previous 
studies, hexane extracts of Cymbopogon citratus 
(MOHAMAD et al., 2018) and compounds of C. 
zeylanicum (ANDRADE-OCHOA et al., 2015) were 
reported to exhibit promising anti-TB activity against 
M. tuberculosis H37Rv, supporting their traditional 
uses in the treatment of TB. As part of continuous 
research to discover new potent and cheaper anti-
TB agents, we investigated the antimycobacterial 
activity of EOs extracted from L. alba (LalbEO), L. 
sidoides (LsidEO), C. citratus (CcitEO), P. amboinicus 
(PambEO) and C. zeylanicum (CzeyEO) against the 
wild type M. tuberculosis H37Rv strain, since they are 
traditionally used as remedies to cure various diseases. 
These five plants are widely distributed in tropical 
countries and are commonly cultivated as garden herbs 
for use in cooking and for medicinal purposes.

MATERIALS   AND   METHODS

Study location and plant material
The study was conducted in Fortaleza, the 

state capital of Ceará, in northeastern Brazil, 412km 
from the equator. It has a typical tropical climate with 
temperature varying during the year from 24.6°C to 
30.7°C (INMET, 2018). Leaves of the bushy lippia 
[L. alba (Verbenaceae)], rosemary pepper [L. sidoides 
(Verbenaceae)], lemon grass [C. citratus (Poaceae)], 
and Mexican mint or Indian borage [P. amboinicus 
(Lamiaceae)] species were collected between eight and 
ten o’clock in the morning from the garden of Medicinal 
Plants Francisco José de Abreu Matos, Universidade 
Federal do Ceará. The bark of true cinnamon [C. 
zeylanicum (Lauraceae)] species was acquired at the 
local market for medicinal plants in Fortaleza.

Plant samples were deposited at the Prisco 
Bezerra Herbarium, at the Department of Biology, under 
the following identifications: EAC55065 [Lippia alba 
(Mill) NE Brown.], EAC54125 (Lippia sidoides Cham.), 
EAC54263 [Cymbopogon citratus (DC). Stapf.], and 
EAC54393 [Plectranthus amboinicus (Lour.) Spreng]. 
Since there was insufficient plant material (flowers, 
bark, and roots) of C. zeylanicum species to identify the 
species, it was not possible to deposit the sample.

Extraction of EOs
In order to extract the plant oil, fresh 

leaves and the cinnamon bark were subjected to 
hydrodistillation using a Clevenger-type apparatus 
for up to 2 hours, as recommended by the British 
Pharmacopeia. The procedure was repeated three times 
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using 50g of the material each time. After drying the EO 
using anhydrous sodium sulfate, it was kept in a sealed 
amber bottle at 4°C until gas chromatography/mass 
spectrometry (GC/MS) analysis and further analysis 
(CRAVEIRO et al., 1976). 

Chemical analysis of the EOs
The analysis of all EOs was performed using 

a Gas Chromatographic System equipped with a PE-5 
column (30m×0.25mm i.d., 0.25μm film thickness) and 
a Mass Spectrometer as detector (GC/MS - QP2010 
SE, Shimadzu do Brasil, Barueri, Brazil). The carrier 
gas was helium, and the flow rate was 1mL/min. For the 
GC-FID analysis, the temperature was increased from 
50°C to 280°C at 1°C/min. The injector and detector 
temperature were set at 250°C (ADAMS, 2001).

The highest extraction yield was observed 
for the LsidEO (0.68%), followed by LalbEO 
(0.49%), CcitEO (0.30%), and CzeyEO (0.13%), 
whereas the lowest extraction yield was observed for 
PambEO (0.009%).

Determination of minimum inhibitory concentration 
(MIC) by resazurin microtiter assay 

The assays to determine the Minimum 
Inhibitory Concentration (MIC) were performed by the 
Resazurin Microtiter Assay method (REMA), according 
to previous studies (FRANZBLAU et al., 1998; 
PALOMINO et al., 2002).

Initially, the M. tuberculosis H37Rv 
inoculum, (donated by Dr CC Frota, Mycobacteria 
Laboratory of the Universidade Federal do Ceará), was 
prepared from young cultures, previously cultivated 
for 3 weeks in Löwenstein–Jensen (LJ) medium. 
The cultures were resuspended in Middlebrook 7H9 
broth supplemented with ADC to reach a turbidity 
equivalent to that of McFarland’s nephelometer No. 
1 standard. Then, to obtain the test inoculum, the 
suspension was diluted at 1:10 with the same culture 
medium immediately before use.

The REMA microdilution method was 
performed in sterile 96-well microplates. Each EO 
(5mg/mL in 1% Tween-80) was tested in duplicate 
on different days. In addition, on each plate, each 
EO was assayed in sextuplicates. All solutions were 
sterilized using a 0.22μm diameter filter.

A total of 100μL of 7H9-ADC broth was 
added into all central wells of the microplate. The outer 
perimeter wells received 300μL of sterile distilled 
water. Subsequently, serial two-fold dilutions of these 
solutions were prepared using 100μl of each EO, up 
to 1/64 of its initial concentration. Thus, the range of 
concentrations tested was 1.250-19.53μg/mL.

In the microplate, wells were also tested 
with a positive control (without EO), negative growth 
control (without inoculation), and mycobacterial 
susceptibility control [1μg/mL rifampicin in dimethyl 
sulfoxide (SINGH et al., 2012)]. One hundred 
microliters of the inoculum solution was added to all 
plate wells, except to the negative control. Finally, the 
plates were sealed and incubated at 37°C.

After 7 days of incubation, 30μL of 
resazurin solution was added (1:1 solution of resazurin 
0.02% and 10% Tween-80) to all plate wells, except 
wells containing water. Then, in order to perform the 
reading of the reaction, the microplate was incubated 
for an additional 24 hours. Wells with a well-defined 
pink color were scored as positive for growth. The 
MIC was defined as the lowest EO concentration able 
to inhibit mycobacterial growth, observed through 
the maintenance of the resazurin blue color.

Statistical analysis
The MIC values were calculated from the 

arithmetic mean of the sextuplicates on each plate and 
the arithmetic mean of the duplicates on different plates. 
Results of the MIC values were computed on GraphPad 
Prism 7® software, and expressed as mean ± SEM (stan-
dard error of mean).

RESULTS   AND   DISCUSSION

EOs are complex mixtures of compounds 
with biological activities that are mainly attributed to 
their major compounds. However, all their components, 
including those at lower concentrations, can interact with 
each other resulting in a synergistic effect, potentiating 
the EO activity, or creating an antagonistic effect, 
reducing its action (ANDRADE-OCHOA et al., 2015).

The yield of extraction to obtain the EO 
by hydrodistillation from the leaves of the bushy 
lippia (L. alba), rosemary pepper (L. sidoides), lemon 
grass (C. citratus), and Mexican mint (P. amboinicus), 
and from the bark of cinnamon (C. zeylanicum) were 
similar to or lower than those reported in the literature 
(PARANAGAMA et al., 2001; SCHUCK et al., 
2001; NUNES et al., 2005; TAVARES et al., 2005; 
RODRIGUES et al., 2013). Several factors affect the 
yield, including the time of the harvest, where the yield is 
higher in the morning, and tends to decrease throughout 
the day. The increasing of temperature directly 
influences the yield of the extraction (MIRANDA et 
al., 2013). In addition, the relative concentrations of the 
constituents of each EO do not depend only on the plant 
species. Among various factors influencing chemical 
composition, the most important are the part of the plant 
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used; the stage of development of the plant; the climatic 
and growth conditions, such as temperature, soil, and 
fertilization; and the distillation and storage conditions 
(OLADIMEJI et al., 2001). In addition, the low yield 
of the extraction of EO from cinnamon was due to the 
formation of hidrolate, a mixture of water and oil; the 
EO of cinnamon had a density of 1,050g/m, a value 
higher than that of water, a phenomenon described in a 
previous reported study (MENDES, 2011).

The main compounds of each of the five 
EOs are shown in table 1. The EO of the bushy lippia 
(LalbEO) contained geranial (40.1%) and neral (30.5%) 
compounds, which together are called citral (70.6%), 
and α-limonene (11.6%) as its major components, 
similar results to those reported in the study by 

TAVARES et al. (TAVARES et al., 2005). The main 
compounds reported in the LsidEO (rosemary pepper) 
were caryophyllene (30.2%), p-cymene (28.7%), 
γ-terpinene (9.8%), eucalyptol (7.5%), and thymol 
(6.3%). However, most studies on plants of the same 
native species in northeastern Brazil demonstrated the 
presence of thymol as the main constituent of its EO 
(MARCHESE et al., 2016). The chemical constituents 
of CcitEO (lemon grass) were citral 80.7% (45.4 and 
35.3% of geranial and neral, respectively) and myrcene 
(13.4%), a result similar to the concentrations reported 
in a study using reverse phase high performance liquid 
chromatography (GAONKAR et al., 2016). The 
PambEO (Mexican mint) contained thymol (61.5%), 
p-cymene (11.2%), and γ-terpinene compounds (10.3%) 

 

Table 1 - Frequency of the concentration of the major molecular compounds identified in the essential oils of bushy lippia, rosemary pepper, lemon grass, 
mexican mint and cinnamon using gas chromatography mass spectrometry (GC-MS). 

-------------------------------------------------------------------------------------Essential Oils----------------------------------------------------------------------------------- 

Compound (%) 
Bushy lippia Rosemary pepper Lemon grass Mexican mint Cinnamon 

(Lippia alba) (Lippia sidoides) (Cymbopogon 
citratus) 

(Plectranthus 
amboinicus) 

(Cinnamomum 
zeylanicum) 

3-phenylpropionaldehyde     0.5 
6-Ethyl-5-hepten-2-one 1.7     
Acetate Cinnamic     5.5 
Camphene     0.6 
Caryophyllene  30.2  5.3  
Caryophyllene oxide  2.8  2.0  
Cis-Cinnamaldehyde     0.6 
Cis-Citral (neral) 30.5  33.3   
Citronellal   0.6   
Eucalyptol  7.5   1.6 
Eugenol      
Geranial 40.1  45.4   
Geraniol 3.6  3.4   
Germancrene 1.8     
Styrene     0.5 
Terpinene-4    2.3 0.6 
Thujone  2.7    
Thymol  6.3 0.6 61.5  
Thymol methyl ether  3.4    
trans-Cinnamaldehyde     86. 
α-bergamotene    3.6  
α-Caryophyllene    1.3  
α-Limonene 11.6  1.3  0.8 
α-Pinene     1.8 
α-Terpinene  3.2   0.8 
β-Limonene   1.9 1.1  
β-Myrcene  5.3 13.4   
β-Pinene    11.2 0.7 
γ-Terpinene 2.7 9.8  10.2  
p-Cymene 3.7 28.7 3.7   

 

 

 



Antimicrobial activity of essential oils from Lippia alba, Lippia sidoides, Cymbopogon citrates, Plectranthus amboinicus, and...

Ciência Rural, v.48, n.6, 2018.

5

as its main components; values similar to a study 
conducted using hydrodistillation and analyzed using 
gas chromatography (DA COSTA et al., 2010). The 
CzeyEO (true cinnamon) had trans-cinnamaldehyde 
(86.0%) and cinnamic acetate (5.4%) expressed at 
high concentrations, also similar those to described by 
ANDRADE et al. (ANDRADE et al., 2012).

Of the five analyzed EOs, it was observed 
that the oils from cinnamon (CzeyEO), rosemary 
pepper (LsidEO), Mexican mint (PambEO), and 
lemon grass (CcitEO) were able to inhibit the growth 
of M. tuberculosis. The MICs were 286.5µg/mL 
(±130.2µg/mL) for CzeyEO, 299.5µg/mL for LsidEO, 
351.6µg/mL (±117.2µg/mL), 351.6µg/mL (±39.1 µg/
mL) for PambEO, and 1,250.0 (±0µg/mL) for CcitEO. 
Only the LalbEO, from bushy lippie, showed no 
antimycobacterial activity at the tested concentrations 
(MIC>1,250.0µg/mL). In this study, we interpreted 
antimycobacterial activity as inhibition at any value of 
MIC≤1,250µg/mL, the highest test concentration.

The cinnamon, among all tested EOs, 
showed the highest inhibitory activity against M. 
tuberculosis, with a MIC of 286.5±130.2μg/mL. This 
result demonstrated its high antimycobacterial potential. 
A study conducted in Yaoundé, Cameroon demonstrated 
a MIC of 512µg/mL using the EO from the leaves of 
C. zeylanicum (TEKWU et al., 2012). A previous 
report using the Cinnamomum verum plant, which 
also has trans-cinnamaldehyde as its major compound, 
demonstrated the inhibition of M. tuberculosis growth 
with a MIC of 12.5µg/mL (ANDRADE-OCHOA 
et al., 2013). The main CzeyEO compounds, trans-
cinnamaldehyde and cinnamic aldehyde, were also 
tested in a previous study (ANDRADE-OCHOA et 
al., 2015), and were active against M. tuberculosis with 
MICs of 3.12µg/mL and 8.16µg/mL, respectively.

Several studies have reported that CzeyEO 
(cinnamon) showed a broad antibacterial activity, in-
hibiting the growth of S. aureus, L. monocytogenes, E. 
coli, P. aeruginosa (KIM et al., 2015), methicillin-re-
sistant S. aureus (SINGH et al., 2012), S. cholerasuis, 
B. subtilis, P. vulgaris, and K. pneumoniae (PRABU-
SEENIVASAN et al., 2006).

A high antimycobacterial potential was 
also observed for LsidEO (rosemary pepper), which 
showed an MIC of 299.5±117.2μg/mL. There have 
been reports in the literature on its antibacterial activity 
against several bacterial species (VERAS et al., 2014; 
FREIRES et al., 2015b). However, there are no reports 
showing its capacity to inhibit M. tuberculosis growth.

In a study conducted by BUENO-SANCHEZ 
et al. (BUENO-SANCHEZ et al., 2009), using the M. 
tuberculosis H37Rv strain, they obtained a MIC of 

400±120µg/mL for the EO extracted from the leaves 
of Lippia origanoides, where caryophyllene (11.3%) 
and p-cymene (11.2%) were the main components, the 
same major compounds reported in the EO of rosemary 
pepper. p-cymene, another major compound in the 
aforementioned EO, was also tested alone against M. 
tuberculosis, with a MIC of 91.66µg/mL (ANDRADE 
et al., 2012). Conversely, another study reported 
no inhibitory activity against M. tuberculosis for 
p-cymene at concentrations <200µg/mL (SANDOVAL-
MONTEMAYOR et al., 2012).

PambEO (Mexican mint) showed 
antimycobacterial activity against the sensitive strain 
M. tuberculosis H37Rv with a MIC of 351.6±39.06μg/
mL. Antibacterial potential of PambEO was previously 
described against several bacteria, such as S. aureus 
(DA COSTA et al., 2010), methicillin-resistant S. 
aureus (GURGEL et al., 2009), E. coli, B. cereus 
(GALVAO RODRIGUES et al., 2013), and K. 
pneumoniae (GONÇALVES et al., 2012).

However, in a study conducted with eleven 
aromatic and medicinal plants occurring in Colombia 
(BUENO-SANCHEZ et al., 2009), growth inhibition 
activity was observed against M. tuberculosis H37Rv 
by Lippia origanoides oil (thymol chemotype), with 
a MIC of 125μg/mL. The thymol compound, alone, 
had previously been demonstrated to inhibit the 
M. tuberculosis growth with a MIC of 0.78µg/mL 
(ANDRADE-OCHOA et al., 2015). The antibacterial 
effects of carvacrol and thymol were previously 
attributed to their ability to permeabilize and 
depolarize the cytoplasmic membrane, increasing the 
levels of reactive oxygen species (ROS) and inducing 
membrane damage in bacteria (LI et al., 2014).

In our study, the EO of lemon grass 
(CcitEO) inhibited the M. tuberculosis at a 
concentration of 1,250μg/mL. Although, the value 
reported is higher than the MICs of other EOs in our 
study, this fact demonstrated its antimycobacterial 
potential. Moreover, there is no published report of 
its activity against M. tuberculosis. A previous study 
had demonstrated that the oil of C. citratus inhibits 
M. smegmatis growth (LEMOS et al., 1990). Several 
other reports demonstrated the antimicrobial activity 
of CcitEO against other gram-negative and gram-
positive bacteria (NAIK et al., 2010).

The chemical compound citral (geranial and 
neral) was the major compound reported in this EO. 
In a study using the extract of Citrus aurantifolia, the 
citral, alone, was able to inhibit M. tuberculosis H37Rv 
at a concentration of 50µg/mL, but no inhibition was 
seen against isoniazid- and rifampicin-resistant strains 
(SANDOVAL-MONTEMAYOR et al., 2012). Similar 
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to carvacrol, citral causes oxidative damage to bacterial 
DNA by ROS formation (CHUECA et al., 2014).

The EO of bushy lippie did not show 
inhibitory activity against M. tuberculosis strain, 
with a MIC>1,250µg/mL. However, other studies 
have reported its antimicrobial activity against 
other bacterial species (CRISTANI et al., 2007). 
However, few studies have reported a potential 
antimycobacterial activity of this EO. 

The difference in antibacterial activity 
between the MIC results of EOs in this study and others 
reported in the literature may be due to differences in 
qualitative and quantitative composition of the EOs, 
the diluent agent, the reference culture, and the cell 
concentration. In addition, other factors can affect 
these constituents and influence the MIC including 
the geographical location, environment, incubation 
conditions, and stage of maturity (SWAMY et al., 2016; 
VAN DE VEL et al., 2017). 

Some authors have considered that 
MICs≤200μg/mL for extracts and EOs indicate good 
activity against M. tuberculosis (TOSUN et al., 2004; 
ANDRADE-OCHOA et al., 2013; NGUTA et al., 2016). 
In addition, another study has indicated MIC≤512μg/mL 
for EOs as a good candidate for studying new compounds 
with anti-M. tuberculosis activity (TEKWU et al., 2012).

The REMA microdilution method is a rapid, 
simple, and inexpensive technique for the detection 
of activity against M. tuberculosis isolates that can 
be used in low-income countries. The resazurin dye 
reduction results in an easily identified color change 
occurring at cell densities meaningful for MIC testing. 
Moreover, the dye reduction does not involve cellular 
uptake by the bacteria (MANN & MARKHAM, 
1998). Some differences in MIC values for the tested 
oils are explained by the fact that the experiments 
were conducted on different days, which resulted in 
the use of microorganisms with different growth days; 
although, exponential growth cultures were used in 
each case. These difficulties in MIC standardization 
were also observed in a study conducted in Louisiana, 
USA (FRANZBLAU et al., 1998). In addition, in 
order to disperse the natural clumping of the cells, 
vortexing of cultures was conducted prior inoculum; 
preparation technique is based on visual comparison 
between the turbidity of the bacterial suspension and 
the scale McFarland No. 1. Another important aspect 
is the hydrophobicity of the EO, a property that 
hinders homogenous mixing in the liquid media and 
may cause differences in microbial growth. In our 
study, Tween-80, a non-ionic surfactant and emulsifier, 
was added to all assays (BUENO-SANCHEZ et al., 
2009). However, our study had a limitation: we did 

not measure the minimum bactericidal concentration, 
which corresponded to the minimum EO concentration 
that did not cause a color shift in cultures re-incubated 
in fresh medium.

M. tuberculosis has a high lipid content in 
the cell wall, which results in low permeability and 
resistance to some antimicrobial agents (FORREL-
LAD et al., 2013). Similarly, Gram-negative bacteria 
are also resistant to EOs in vitro, while Gram-posi-
tive bacteria are not. Gram-negative bacteria have an 
outer membrane rich in phospholipids, lipopolysac-
charides, and proteins, resulting in resistance to EOs 
(RANA et al., 2011).

Due to the large number of components, 
EOs do not seem to have specific cell targets, working 
in different ways, and their antibacterial activity can be 
explained by the hydrophobicity of their components, 
which allows their interaction with bacterial 
membranes and penetration into the cell interior. The 
activity of some EOs, such as those with p-cymene, 
thymol, and citral at high concentrations, is associated 
with their capacity to cause structural and functional 
changes in the cytoplasmic membrane, resulting in 
the reduction of membrane potential and the loss of 
ATP and ions, in addition to possible interactions with 
intracellular targets. It is believed that the mechanism 
of action of trans-cinnamaldehyde involves lipid 
and protein damage, inhibition of bacterial cell 
division, as well as inhibition of enzymatic activities 
(ANDRADE et al., 2012).

CONCLUSION

In regards to potential antimycobacterial 
activity against the wild type M. tuberculosis H37Rv, 
we identified three EOs that have acceptable anti-
tuberculosis activity, LsidEO, CzeyEO, and PambEO 
(351.6 to 286.5μg/mL). The antimycobacterial 
activity of these tested EOs has not previously 
been reported and; therefore, our results can be 
evaluated as the first report on their antimycobacterial 
properties. These data confirmed the importance of 
bioprospecting studies for active substances showing 
antimycobacterial action, which are still scarce. In 
order to seek new therapies for TB, future studies are 
needed to assess the effects of the association between 
these EOs and the first-line drugs used in treatment.
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