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Chemical composition and antibacterial activity of essential oil of a
Croton rhamnifolioides leaves Pax & Hoffm
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Abstract

This study describes the chemical composition and antimicrobial activity of an essential oil from the
leaves of Croton rhamnifolioides Pax&Hoffm., an aromatic plant widely distributed in northeastern
Brazil and commonly used in folk medicine. Eight components were identified: 1.8-cineole (46.32%)
as the major compound, followed by l-felandreno (16.70%), p-cymene (10.21%), sabinene (8.14%)
and trans-caryophyllene (4.81%). The essential oil exhibited antibacterial activity against Aeromonas
hydrophila, Escherichia coli, Listeria monocytogenes, Salmonella Enteritidis and Staphylococcus
aureus, with minimum inhibitory concentrations and minimum bactericidal concentrations ranging
from 2.5 to 20 and 5 to 40 uL.mL", respectively. In addition, the essential oil also affected the cellular
viability of these bacteria. The results suggest the need for research to establish the potential uses of this
essential oil as a natural antimicrobial in the food industry.
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Resumo

O presente estudo descreve a composi¢do quimica ¢ a atividade antimicrobiana do 6leo essencial das
folhas de Croton rhamnifolioides Pax & Hoffm, uma planta aromatica amplamente distribuida no
Nordeste do Brasil e largamente utilizada na medicina popular. Cromatografia gasosa — espectrometria
de massa foi utilizada para determinar sua composi¢do. Oito componentes foram identificados, sendo
1,8-cineol (46,32%) o composto majoritario, seguido por 1-felandreno (16,70%), p-cimeno (10,21%),
sabineno (8,14%) e trans-cariofileno (4,81%). O odleo essencial apresentou atividade antibacteriana
contra Aeromonas hydrophila, Escherichia coli, Listeria monocytogenes, Salmonella Enteritidis e
Staphylococcus aureus com valores de concentragao inibitdria minima (CIM) e concentrag@o bactericida
minima (CBM) entre 2,5 - 20 pL/mL e 5 - 40 pL/mL, respectivamente. Além disso, o 6leo essencial
também afetou a viabilidade celular dessas bactérias. Os resultados sugerem a necessidade de estudos para
estabelecer o uso potencial deste 6leo essencial como antimicrobiano natural na industria de alimentos.
Palavras-chave: Croton rhamnifolioides, 6leo essencial, atividade antimicrobiana, composi¢do quimica
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Introduction

Croton is the second largest genus in the family
Euphorbiaceae and has approximately 1,300 species
distributed throughout tropical and subtropical
regions; with approximately 350 species, Brazil
has the greatest diversity of this genus (BERRY et
al., 2005). Many Croton spp. have strong economic
potential due to several secondary metabolites, such
as alkaloids, flavonoids and terpenoids (PAYO et al.,
2001), compounds that can demonstrate therapeutic
properties. Because of the relatively high content
of essential oils, most Croton species are aromatic,
with chemical compositions rich in monoterpenes
and sesquiterpenes in addition to phenylpropanoids
(SALATINO; SALATINO; NEGRI, 2007).

Croton spp. are commonly used in folk medicine
for various purposes, particularly by individuals
living away from major population centres. The
experimentally demonstrated biological activities of
these plants include anti-inflammatory (SUAREZ et
al., 2006), antiulcerogenic (ALMEIDA et al., 2003),
antimicrobial (ABO; OGUNLEYE; ASHIDI,
1999), antidiabetic (OKOKON; BASSEY; OBOT,
2006), antispasmodic (PINHO-DA-SILVA et al.,
2010) and antinociceptiveaction (SANTOS et al.,
2005) activities.

The antimicrobial activities of essential oils have
been extensively investigated due to their potential
applications in the food product and pharmaceutical
industries, which is of particular relevance due to
the increased resistance of bacteria to antibiotics
and the more common microbiological agents
used in food preservation (ADAM, 2002). Thus,
new antibacterial agents derived from plants could
represent alternatives with molecular diversity far
superior to those derived from synthetic products
(OLIVEIRA et al., 2006).

Croton rhamnifolioides Pax&Hoffm., popularly
known as ‘break-knife’ or ‘caatinga white’, is
an endemic species of northeastern Brazil. The
plant grows as a bush or subshrub, has a pleasant
aroma and is popularly used in the form of teas and

infusions for the treatment of ulcers, inflammation
and hypertension (RANDAU et al., 2004). As
few targeted studies have evaluated the biological
properties of this plant, the objective of this study
was to identify the chemical composition and to
evaluate antimicrobial activity of the essential oil
from C. rhamnifolioides leaves against pathogenic
bacteria of interest in the food industry.

Material and Methods
Plant material

Leaves of C. rhamnifolioides were collected in
the rural municipality of Sumé-PB (7°40S, 36°52W,
elevation 532 m.a.s.l.), situated in the central region
of Cariri Paraibano, in August—September of 2010.
The material was identified at the Herbarium of
the Federal University of Campina Grande, Patos,
Paraiba, Brazil, and a voucher specimen of the plant
deposited under registration number 691.

Extraction of essential oil

The essential oil of the fresh leaves of ‘caatinga
white’ was obtained by hydrodistillation using a
Clevenger extraction tool for a period of 2 h. The
fraction of essential oil extracted was dried with
anhydrous sodium sulphate to remove the last
remnants of water and stored in a hermetically sealed
amber glass container at 4°C until the completion of
the microbial and chemical analyses.

Gas chromatography/mass spectrometry (GC/MS)

The chemical composition of the essential
oil was determined by GC/MS using a Shimadzu
apparatus with QP2010A mass-selective detector
and operating at an ionisation energy of 70 eV.
The capillary column used was OV (30 m x 0.25
mm internal diameter x 0.25 mm film) with the
following specifications: temperature of 230°C for
the injector and 290°C for the detector, helium as
the carrier gas (1.0 mL.min"), linear velocity of
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47.3 cm.s7!, total flow rate of 24 mL.min™', carrier
flow rate of 24 mL.min"' and pressure of 107.8 kPa.
The temperature of the column commenced at 60°C
(for 2 min) and was raised to 180°C (for 1 min) at
4°C.min' and then from 180 to 260°C at 10°C.min"!
(maintained for 10 min).

The components were identified by comparing
the respective mass spectra with standards recorded
in the database reference library Wiley 229 and
comparing the calculated retention times with the
literature.

Antibacterial activity
Bacterial strains

The bacteria used to evaluate the antimicrobial
activity of essential oil were Aderomonas hydrophila
(INCQS  7966), Escherichia coli (ATCC
25923), Listeria monocytogenes (ATCC 7644),
Staphylococcus aureus (ATCC 6538)and Salmonella
Enteritidis (ATCC 1760). For the preparation of
the inocula, colonies of aerobic organisms were
cultivated on Muller-Hinton agar (HIMEDIA®,
MUMBALI, INDIA) at 35°C for 24 h. The bacteria
were then suspended in sterile saline solution 0.85%
(w/v), and the suspension was adjusted to 0.5 on the
McFarland scale to obtain standardised suspension
equivalents of 108 cfu.mL .

Disk diffusion test

The activity of the C.
rhamnifolioides essential oil was preliminarily
evaluated by the diffusion technique using paper
disks (WHATMAN N 3) of 6 mm in diameter. A
0.1-mL aliquot of the microorganism inoculum was
added to Petri dishes containing Muller—Hinton
agar, and a disk of filter paper saturated with 20
pL of the essential oil was then placed in the Petri
dish (BAUER; KIRBY; TURCK, 1966). The dish
was incubated at 37°C for 24 h, and halo formation
of diameter > 10 mm, indicating microbial growth

antibacterial

inhibition, was regarded as a positive result (SOUZA
et al., 2005). The tests were performed in triplicate
using gentamicin (10 pg.disc™) and tetracycline (30
pg.disc!) as positive controls and Tween 80 and
distilled water as negative controls.

Minimum inhibitory concentration (MIC) and
(MBC)

minimum  bactericidal concentration

determinations

The essential oil MIC was determined using the
method of macrodilution in broth. A 5-mL aliquot of
2x concentrated Muller—Hinton broth (HIMEDIA®,
MUMBALI, INDIA) was combined with 1 mL of
test strain inoculum and 4 mL of essential oil at
concentrations ranging from 0.3 to 160 pL.mL™".
The mixtures were incubated for 24 h at 37°C for L.
monocytogenes, S. aureus, E. coli and Salmonella
Enteritidis and 28°C for A. hydrophila. At the end
of the incubation period, the lowest concentration
of the essential oil that prevented visible microbial
growth was considered to be the MIC. Based on this,
100 uL aliquots from the tubes that did not show
any visible microbial growth were inoculated in test
tubes containing Muller—Hinton agar slants for 24 h
at 28 or 37°C, as appropriate; MBC was considered
to be the lowest concentration of essential oil that
inhibited bacterial growth. Cultures without the
addition of antimicrobials were used as the controls
(FU et al., 2007).

Effect of essential oil on the viable cell count

The wviability of bacteria under study was
evaluated when exposed to different concentrations
of essential oil (MIC/2, MIC and MIC x 2) for
different time intervals (0, 1, 2, 4, 6, 8, 10 and 12
h) at 37°C for L. monocytogenes, S. aureus, E.
coli and Salmonella Enteritidis and 28°C for A.
hydrophila. In the ranges established, an aliquot
(1 mL) of each culture was collected and diluted
in series (10! to 10°) in 0.1% sterile peptone water
and inoculated into Petri dishes containing Muller—

Semina: Ciéncias Agrdrias, Londrina, v. 34, n. 6, p. 2853-2864, nov./dez. 2013

2855



2856

Costa, A. C. V. da et al.

Hinton agar for 24 h at 28 or 37°C, as appropriate.
After the incubation period, the number of viable
cells was determined and expressed in log cfu.
mL~' (BARROS et al., 2009). For the experiment
controls, the solution of essential oil was replaced
with sterile distilled water.

Statistical analysis

The results were statistically analysed using
averages, standard deviations, variance analyses
and Tukey’s test with a significance of P<0.05 using
the software STATISTICA version 7.0 (STATSOFT
INC, USA).

Results and Discussion
Chemical composition

The constituents identified by CG/EM, retention
times and percentages are presented in Table 1.
Eight substances were identified, corresponding to
100% of the total composition of oil: 65.20% were
monopertenes and 34.80% sesquiterpenes. Among
the compounds identified, 1.8-cineole (46.32%)
was the major compound. Other components
with significant concentrations were 1-felandreno
(16.70%), p-cymene (10.21%), sabinene (8.14%)
and trans-caryophyllene (4.81%).

Table 1. Chemical composition of the essential oil from the leaves of Croton rhamnifolioides.

Constituent RT (min) (%)
o-pinene 5.15 8.07
sabinene 5.59 8.14

1-felandreno 5.90 16.70

p-cymene 6.11 10.21

1.8-cineole 6.21 46.32

B-elemeno 9.32 2.37
trans-caryophyllene 9.57 4.81
bicyclogermacrene 10.10 3.38

RT = Retention time (min)
Source: Elaboration of the authors.

Although there are known no studies to date on
the chemical composition of C. rhamnifolioides
essential oil, the compounds identified in this
study are consistent with the data for Croton spp.,
with the essential oils being characterised by a
predominance of monoterpenes and sesquiterpenes
(MECCIA et al., 2000; FONTENELLE et al.,
2008).

Antimicrobial activity

The essential oil of C. rhamnifolioides, in absolute
concentration, presented antibacterial activity against
the five bacteria tested because the diameters of the
zones of inhibition ranged between 13 and 21 mm
(Table 2). The largest zone of inhibition was found
for L. monocytogenes (21 mm), and Gram-negative
E. coli and Salmonella Enteritidis showed similar
zones of inhibition of 13 mm.
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Table 2. Inhibition halos obtained for the essential oil from the leaves of Croton rhamnifolioides against pathogenic

bacteria of interest in the food industry.

Halo of inhibition (mm diameter)

Bacterium Essential oil (1000 uL.mL") Gentamicin Tetracycline Water and Tween 80
S. aureus 19 31 29 ND
L. monocytogenes 21 30 28 ND
A. hydrophila 18 30 26 ND
E. coli 13 36 21 ND
S. Enteritidis 13 25.2 19 ND

ND = not detectable.
Source: Elaboration of the authors.

The essential oil was active against the five
bacteria studied, showing MIC values that ranged
2.5-20 pL.mL! (Table 3). Listeria monocytogenes
exhibited the greatest in vitro sensitivity, with the
lowest MIC of 2.5 puL.mL'. Conversely, E. coli
and Salmonella Enteritidis showed sensitivity to the

action of the oil at a concentration of 20 pL.mL"". This
lower sensitivity was also evident in their interaction
with the essential oil in absolute concentration, with
smaller halos of growth inhibition (13 mm) compared
to the other strains. The MBC values of all the strains
ranged from 5 to 40 pL.mL"' (Table 3).

Table 3. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the essential oil
from the leaves of Croton rhamnifolioides against pathogenic bacteria of interest in the food industry.

Tested bacterium MIC (uL.mL") MBC (uL.mL) Control”
S. aureus 5 10 +
L. monocytogenes 2.5 5 +
A. hydrophila 10 20 +
E. coli 20 40 +
S. Enteritidis 20 40 +

*Ability of bacteria to grow without the addition of the essential oil.

Source: Elaboration of the authors.

The essential oil showed a greater inhibitory
against Gram-positive
compared to other bacteria when evaluated by

activity bacteria
the methodology adopted in this study. These
results may be directly related to the structure
of the cell wall, considering that this is the main
feature distinguishing the two bacterial groups:
the outer membrane of Gram-negative strains is
a barrier for certain types of antibiotics, digestive
enzymes, detergents and heavy metals and could
thus prevent the action of essential oils (TEPE et
al., 2004). However, some authors have postulated

that this relationship of cell structure and
sensitivity is not well established for interactions
between microorganisms and essential oils. In
contrast, it has been suggested that a smaller
or larger inhibitory activity of essential oils on
Gram-positive or Gram-negative bacteria could be
related to the particular degree of effectiveness that
the individual components exert on the different
types of microorganisms (DORMAN; DEANS,
2000; GUTIERREZ; BARRY-RYAN; BOURKE,
2009; KAMAZERI et al., 2012).

Rossi et al. (2011) noted that Gram-negative
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bacteria were more sensitive to action of the
antimicrobial activity of C. lechleri essential
oil. According to Cimanga et al. (2002), who
evaluated the antimicrobial activity of the
essential oils of various plant species (e.g.,
Eucalyptus  globulus, Cymbopogon citratus,
Ocimum americanum and Monodor amyristica),
the antimicrobial activity varied with species
due to the multitude and variability of chemical
compounds present; however, in general, the
essential oils were mainly active against Gram-

positive microorganisms.

The of the C
rhamnifolioides essential oil in the present study

antibacterial  activity
can be attributed to the presence of such compounds

as 1.8-cineol, o-pinene, felandreno-1 and
p-cymene, which have been previously reported
to possess antimicrobial properties (OKE et al.,
2009; AIT-OUAZZOU et al., 2011). It is believed
that monoterpene and sesquiterpene compounds,
such as those found in C. rhamnifolioides essential
oil, can accumulate in the bacterial membrane and
cause a loss of integrity, leakage of the cytoplasmic
contents, disruption of the proton motive force,
lysis and cell death (BEN ARFA et al., 2006;
SANTIESTEBAN-LOPEZ; PALOU; LOPEZ-
MALO, 2007). Delamare et al. (2007) stated that,
in addition to the presence of major compounds,
antimicrobial activity is also due to the presence
of other components in low concentrations that
can have additive, synergistic or antagonistic
interactions. Furthermore, antimicrobial activity
may not be due to a specific mechanism but to
various effects in the bacterial cell, including

degradation of the cell wall, damage to the

cytoplasmic membrane, damage to membrane
proteins, leakage (loss) of the cell contents,
coagulation of the cytoplasm and depletion of the
proton-motive force (CARSON; MEE; RILEY,
2002), due to the numerous individual components
with antimicrobial activity.

Effect of 0il on the viable cell count

The effects of C. rhamnifolioides essential oil
at different concentrations (MIC/2, MIC, MIC
x 2) on the viability of bacteria of interest in the
food industry are shown in Figures 1-5. The curve
of death, or the study of microbial kinetics, is a
dynamic way to measure the ability of a compound
to act on the viability of a microorganism. At all
concentrations the essential oil reduced the number
of viable cells for the five bacteria tested, as the
cfumL™! values were consistently lower than the
controls.

The essential oil at concentrations of MIC and
MIC/2 reduced the bacterial count from 2.8 to
1 logarithmic cycles for the initial load over the
period evaluated for the bacteria tested, except
for Salmonella Enteritidis. For S. aureus, L.
monocytogenes and E. coli, there was no significant
difference (P< 0.05) between MIC and MIC/2 at 10
h after contact with the essential oil. Bacteriostatic
action is characterised by the effectiveness of a
substance to render a bacterium unable to grow/
multiply in a liquid medium but able to be cultivated
when grown on an agar medium using suitable
growth conditions (SMITH-PALMER; STEWART;
FYFE, 1998). The controls showed gradual growth
over the ranges studied.
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Figure 1. Effect of Croton rhamnifolioides essential oil on the cellular viability of Aeromonas hydrophila: (m) control
(0 ul.mL"); (@) MIC/2 (2.5 ul.mL"); (A) MIC (5 pl.mL1); MIC (V) x 2 (10 ul.mL").
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Source: Elaboration of the authors.

Figure 2. Effect of Croton rhamnifolioides essential oil on the cellular viability of Listeria monocytogenes: (m) control
(0 ul.mL"); (@) MIC/2 (1,125 ul.mL"); (A) MIC (2.5 pl.mL"); MIC (V) x 2 (5 pl.mL™").

10
8 /E/»I 1
% u L3
6k
=
= % 3
4 T x x 4
2
0 T T T T T T T T T T T T
0 2 4 6 8 10 12

Time (h)

Source: Elaboration of the authors.
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Figure 3. Effect of Croton rhamnifolioides essential oil on the cellular viability of Staphylococcus aureus: (m) control
(0 ul.mL"); (@) MIC/2 (2.5 ul.mL"); (A) MIC (50 ul.mL"); MIC (V) x 2 (10 ul.mL™").
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Figure 4. Effect of Croton rhamnifolioides essential oil on the cellular viability of Escherichia coli: (m) control (0
pul.mL"); () MIC/2 (10 pl.mL"); (A) MIC (20 pl.mL"); MIC (V) x 2 (40 ul.mL™).
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Source: Elaboration of the authors.
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Figure 5. Effect of Croton rhamnifolioides essential oil on the cellular viability of Salmonella Enteritidis: (m) control
(0 ul.mL"); (@) MIC/2 (10 pul.mL"); (A) MIC (20 pl.mL"); MIC (V) x 2 (40 pl.mL").
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Source: Elaboration of the authors.

There was a bactericidal effect of the essential
oil at a concentration of 20 pL.mL™" against A.
hydrophila, with the reduction of four logarithmic
cycles after a 1-h exposure (Figure 1). A bactericidal
effect against S. aureus and E. coli was evident
after 6 h at concentrations of 10 and 20 pL.mL",
respectively, and against L. monocytogenes after 8
h. Some researchers have proposed that a compound
be recognised as a strong bactericide when it can
cause a decrease of 1000 times (three logarithmic
cycles or 99.9%) relative to the initial inoculum
(ERNST et al., 1996; LAPLANTE, 2007).

Itisimportanttohighlightthathigh concentrations
of the essential oil showed no bactericidal action
on Salmonella Enteritidis (Figure 5) after 12 h;
however, there was a reduction in the microbial
load of approximately 100 times in relation to the
controls with the 20 uL.mL"' concentration. At
the lowest concentration (MIC/2), the essential oil
failed to consistently maintain the microbial load
below the initial value of 10° cfu.mL"!. The controls
showed a microbial population of approximately

10® cfu.mL™, an increase of 100 times the initial
inoculum, within 12 h.

Conclusion

The results presented here demonstrate the
antimicrobial activity of the essential oil derived
from the leaves of C. rhamnifolioides and suggest
the possibility of the application of the essential oil
for inhibiting the growth and survival of pathogens
in food. However, there is a need for detailed
toxicity assessments of the essential oil and sensory
attributes of the food products to identify the
concentration that does not detract from the sensory
characteristics yet still exerts an antimicrobial

property.
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