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Abstract

antimicrobial activity for the evaluated microorganisms.

INTRODUCTION

The genus Lippia (Verbenaceae) includes approximately
200 species of herbs, shrubs and small trees, most of which are
distributed in the Neotropical region [1,2]. Brazil is the center
of diversity of the genus, where 98 species with a high degree
of endemism occur, more than half of which is located in the
Serra do Espinhaco, located in the state of Minas Gerais [3]. In
the northeastern region of Brazil, where the Caatinga biome
is located, there is also a wide diversity of species of Lippia.L.
grata is highlighted by the intense medicinal use advocated in
ethnopharmacological surveys, which mention for it several
popular denominations such as rosemary, bush rosemary,
rosemary, and rosemary [4,5]. Pharmacological tests performed
in vitro and in vivo with L. grata essential oil demonstrated
cytotoxic activities on cancer cells [6,7], antimicrobial [8-10],
as well as the use of the antimicrobial agent in the treatment of
hypertension, inflammatory and analgesic [11-13].

It has recently been shown that thymol-rich L. grata essential

Lippia grata Schaver is a native Caating a species and presents high antimicrobial potential due to the presence of essential oils. Considering that different
cultivation conditions can alter the content and chemical composition of essential oils with direct interference in antimicrobial activity, the objective of this work
was to evaluate the antimicrobial activity of Lippia grata essential oil obtained from plants submitted to different management conditions in the field. The
cultivation experiment was conducted with plants submitted to different doses of organic and mineral fertilization, in the presence and absence of irrigation
and the essential oils were analyzed by CG-MS / CG-DIC. The antimicrobial assays were conducted against the strains Escherichia coli, Staphylococcus
aureus, Candida albicans and Aspergillus niger. The major substances found in the essential oil were carvacrol, followed by thymol and the proportion of these
compounds varied according to the type of fertilization and the presence or absence of irrigation. The essential oils extracted from plants of L. grata submitted
to different cultivation conditions presented variation regarding the antimicrobial activity, being effective against all pathogens evaluated and superior to
the commercial antibiotics used. Fertilization with 0.6 t a' of the mineral fertilizer and the intermediate dose of 40 t ha™' of organic matter revealed excellent

oil is associated with commercial antibiotics and is effective in
combating multi-drug resistant S. aureus, Escherichia coli and
P. aeruginosa microorganisms [9]. In addition to the medicinal
activity, the essential oil of this species has been used along with
chitosan in the coating of fruits because it presents a preservative
action, inhibiting the growth of pathogenic microorganisms that
deteriorate foods [14,15]. Although this species has been the
target in recent years of several pharmacological studies, which
has become increasingly promising from a medicinal point of
view, studies that correlate agronomic data with antimicrobial
activity have not yet been developed. Thus, the objective of this
work was to evaluate the antimicrobial activity of Lippia grata
essential oil obtained from plants submitted to different field
management conditions.

Fertile individuals were exsiccated and identified by Dra.
Lucia Helena Piedade Kiill da Embrapa Semiarido; a voucher
specimen was deposited at the Tropico Semiarido Herbarium
under number 7232.
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The cultivation of L. grata was carried out at the Experimental
Field of Bebedouro, belonging to Embrapa Semidrido, located
in the municipality of Petrolina-PE, Brazil (376m altitude, 09 °
23'35”Sand 40°30°27”W ) and L. grata seedlings were produced
from the rooting of cuttings collected in plants from a natural
population found in the Caatinga area near the same institution.
The cultivation experiment was conducted according to Souza
et al. [16], where the treatments consisted of different doses of
organic fertilization and mineral fertilization and presence and
absence of and drip irrigation.

Essential oils extraction

The essential oils extraction procedure was conducted
in triplicate. To this end, 100g of leaves was dried in an air-
circulating oven at 40°C, for 48 h. The leaves were hydrodistilled
in a Clevenger apparatus, at a 1:5 ratio (weight of plant material/
water volume), for 120 min. The hydrolate (water and essential
oil) was dried with Na,SO,; the samples were stored in flasks
sealed with Parafilm® and kept in a freezer until analysis.

Gas chromatographic analysis

The essential oils were qualitatively analyzed by gas
chromatography/mass spectrometry (GCMS-QP2010 Ultra,
Shimadzu Corporation, Kyoto, Japan) equipped with an AOC-20i
(Shimadzu) automatic sampler. Separations were performed
using Rtx®-5MS Restek fused silica capillary (5% -diphenyl-95%
- dimethyl polysiloxane) of 30 mx 0.25 mm internal diameter (di),
0.25 mm thick film, in a constant stream of helium (99.999%)
with rate of 1.2 ml min-1. An injection volume of 0.5 zl (5 mg
ml 1) was used, with a split ratio of 1:10. The temperature
setting of the oven used was from 50°C (isotherm for 1.5 min),
with an increase of 4°C/min, at 200°C, then at 10°C/min up to
250°C, ending with a 5 min isotherm at 250°C. CG-MS and CG-DIC
data were simultaneously acquired using a detector separation
system; the flow separation ratio was 4: 1 (MS: FID).

A restriction tube of 0.62 m x 0.15 mm d.i. (capillary column)
was used to connect the splitter to the MS detector; a restriction
tube of 0.74 m x 0.22 mm d.i. was used to connect the divider
to the DIC detector. The temperature of the injector was 2502C
and the temperature of the source of ions was 200°C. The
ions were generated at 70 eV; at a scanning speed of 0.3 scans
s-1 detected in the range of 40-350 Da. The DIC temperature
was adjusted to 250°C, and the gas supplies for the DIC were
synthetic air, hydrogen, helium at flow rates of 30, 300 and 30
ml min’, respectively. The quantification of each constituent was
estimated by normalization of the peak area generated in the DIC
- (%). Concentrations of the compounds were calculated from the
areas of GC peaks and were arranged in order of GC elution. The
compounds were identified by comparison with spectral data
provided by the GC / MS system database (WILEY8, NIST107 and
NIST21) and by using Kovats retention indexes [17].

The antimicrobial activity was determined by the
microdilution test method using 96-well plates, following
the guidelines of CLSI M7-A9 (bacteria), M27-A3 (yeast), and
M38-A2 (filamentous fungus). The essential oils were assayed at
a final concentration of 50 pL. mL?, against Escherichia coli ATCC
25922, Staphylococcus aureus ATCC 6538, Candida albicans ATCC

10231 e Aspergillus niger ATCC 16404. Readings were carried
out after 20 (bacteria), 24 (C. albicans), and 48 h (Aspergillus
niger) of incubation at 35°C. Amphotericin B (32 pg mL). and
gentamicin (64 pg mL™) (Sigma Aldrich®) were used as controls.
The MIC (Minimum Inhibitory Concentration) was calculated
as the lowest concentration of the essential oil that was able to
avoid microorganism growth. The bacterial strains were cultured
in BHI medium (Brain Infusion Heart-Himedia®), yeast in liquid
Sabouraud Dextrose medium (Himedia®) and filamentous fungus
in Sabouraud liquid Dextrose medium (Himedia®).

The obtained data were preliminarily analyzed in order to
meet the basic hypotheses of ANOVA: additivity, independence,
homoscedasticity and normality. The general model adopted for
the test was:

Yijk: p + ai + Bj +yk + [aﬁ)ij +(ay), + (ﬁy)},k + 6[jk te, where:
u: constant inherent in all installments;

ai: effect of organic fertilizer;

Bj: effect of mineral fertilizer;

yk: effect of irrigation;

af ; interaction effect of organic fertilizer and mineral
fertilizer;

5V,k5 interaction effect of mineral fertilizer and irrigation
ay ,: interaction effect of organic fertilizer and irrigation;

6‘.].,(: interaction effect of organic fertilizer, mineral fertilizer

and irrigation;
e experimental error associated to each installment.

Data were subjected to analysis of variance (5% significance)
for Scott-Knott test and polynomial regression using Sisvar
software [18].

Twenty-nine compounds were identified (97%) in the
essential oils of L. grata, which consisted mainly of monoterpenes
(87%). There was variation in the composition of the essential oil
as a function of fertilization and irrigation, and this difference was
more pronounced in relation to some minor compounds such as
a-tujene, a-pinene, 1-octen-3-ol, Eb-ocimene, thymol acetate and
aromadendrene, which were not quantified in all treatments.
The major substances of the essential oil of Lippia grata were
carvacrol, followed by thymol. Carvacrol content ranged from
79.0 to 71.5%, the lowest value obtained in plants fertilized
with NPK, without organic matter and without irrigation. As for
thymol, the variation was 14.3 to 4.9%, and the highest content
was recorded in plants fertilized with NPK and that did not
receive irrigation or organic fertilization [16].

When the plants were not irrigated and fertilized with NPK, a
negative correlation between the amount of organic fertilizer and
the content of thymol (r = - 0.86) and carvacrol (r = -0.80) was
observed the higher the amount of organic matter the lower the
content of these substances. In contrast, a positive correlation (r =
0.80) was observed between the amount of organic fertilizer and
the thymol content in the plants that were irrigated and received
NPK. The proportion of the major compounds in L. grata essential
oil varied according to the type of fertilization and irrigation. The
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Table 1: Minimum Inhibitory Concentration (MIC pL.mL™) of the essential oil of Lippia grata obtained plants cultivated with and without fertiliza-
tion and irrigation, against Escherichia coli, Staphylococcus aureus, Candida albicans e Aspergillus niger..

Mlcroorgan- A.n,tl.- Organic fertilization (t ha)
ism biotic
0 20 (40 60 | 0 20 40 60 0 20 40 60 0 20 |40 60
With Irrigation Absent irrigation
NPK (15-9-20) Absence NPK NPK (15-9-20) Absence NPK
E coli ATCC | G 0.62a 1.25b | 0.62a | 0.62a | 0.62a 0.62a 1.25b|2.50c | 2.50c 0.62a 0.62a 0.62a | 0.62a 1.25b 1.25b 0.62a
25922 0.50a
$. aureus G 0.62a 0.62a | 0.62a 0.62a | 0.62a 0.62a 0.62a|0.62a | 0.62a 0.62a 1.25b 0.62a | 0.62a 0.62a 0.62a 0.62a
ATCC 6538 | 8.00c : : : : : : : : : : : : : : :
C. albicans A
atce10s  ac0. 0623 062a 0.62a 0.62a 062a 062a 062a 125b 0.62a 062a 062a 062 0.62a 0.62a 062a 062a
A. niger A 0.62a 0.62a | 0.62a 0.62a | 0.62a 0.62a 0.62a|0.62a | 0.62a 0.62a 0.62a 0.62a | 0.62a 0.62a 0.62a 0.62a
ATCC 16404  4.00b : : : : : : : : : : : : : : :

G = gentamicina; A= anflericina B
MIC pL mL* - Minimum Inhibitory Concentration

Means followed by the same letter do not differ by the Scott-Knott p <0.05 tes

lowest proportion of carvacrol and thymol was 5:1, which was
obtained in essential oil extracted from plants fertilized with NPK
alone and without irrigation, while the highest proportion was
15: 1 obtained in plants that received only organic fertilization
(20 t ha™) irrigated or not [16].

Determining the ratio of the essential oil compounds is
important for establishing the standardization of the oil. The
presentation of the results concerning the variation in the ratio
between thymol and carvacrol by Souza et al. [16], is relevant
because they are the main compounds with antimicrobial
action, present in the oil of this species. Moreover, this variation
in the proportion of the major compounds can determine the
therapeutic effectiveness considering that some microorganisms
are more susceptible to one compound than to another [19,20].

Irrigation and fertilization with NPK and organic matter
interfered in the antimicrobial effect of Lippia grata essential
oil. The oil activity on E. coli was the most negatively affected by
cultural treatments, non-irrigated plants and only fertilized with
organic matter (60 t ha') or irrigated and fertilized with NPK
only produced less effective essential oil with this microorganism
(Table 1).

The results obtained in the antimicrobial assays showed
that the action of the essential oil extracted from L. grata plants
submitted to different management conditions were equal to or
higher than the antibiotics used as references for all evaluated
pathogens. For E. coli, 62% of the oils evaluated were as effective
as gentamicin and for S. aureus, 94% were superior to the
same antibiotic. As for yeast C. albicans, 94% of the evaluated
treatments were effective to produce essential oil that presented
MICs superior to anfterycin B and for fungus A. niger 100% of the
oils were superior to the reference fungicide (Table 1).

This is the first time that the antimicrobial activity of L. grata
oil against A. niger is being demonstrated and also the novel
antibacterial activity of the essential oil of this species in the
order of 0.62 pL mL™. Previously, Pessoa et al. [21], evaluated
the bactericidal activity of essential oil of this species, which
contained 54.4% carvacrol, 10.7% p-cymene and 1.8% thymol

and found moderate activity for E. coli and S. aureus. The results
obtained by Bitu et al. [22], showed that the minimum inhibitory
concentration (MIC) ranged from 64-512 pL mL? to resistant
strains of E. coli and S respectively. The oil extracted from fresh
leaves was more active than that extracted from dry leaves.

The discrepant results reported on the antimicrobial activity
of L. grata essential oil between the studies evaluated and those
presented in the present study are mainly due to the studied
chemotypes, in addition to the place of origin of the studied
material, since there are significant variations regarding the
content of the major components as well as the proportion
between these substances. Another reason may be related to
the wide variations in the presence and quantity of minority
compounds that can act synergistically with the majority and
therefore directly interfere in the antimicrobial activity.

Essential oils produced by plants grown under different
irrigation and fertilization conditions presented different
responses regarding the ability to inhibit the evaluated
microorganisms. Plants of Lippia grata irrigated and fertilized
with 0.6 t ha! of NPK (15-9-20), with the intermediate dose of 40
tha! of organic matter, produced more biomass, higher essential
oil content and excellent antimicrobial activity for the evaluated
microorganisms.
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