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Abstract

Geraniol is a terpene alcohol and the principal constituent compound of many essential oils of the aromatic
plants. This molecule is very important for the flavors and fragrance industries due to its pleasant odor. The geraniol
has the insecticidal properties and is an efficiently repellent agent and its toxicity is low. So, its antimicrobial ability
can be explored to obtaining important additives for especial products applied in the food industry. The cinnamic
acid is a molecule present in cinnamon oils and in coca leaves. This molecule also exhibits low toxicity and has a
broad biological application spectrum for many microorganisms. This work evaluated the antimicrobial activity of the
essential oil of geraniol and of the cinnamic acid against different microorganisms and compared their bactericidal
activity for future applications as an additive for food packages. The bacteria studied were: Staphylococcus aureus,
Listeria monocytogenes, Escherichia coli and Salmonella enterica. The Minimum Inhibitory Concentration test (MIC)
and the Agar Diffusion Method were applied to available the antimicrobial susceptibility. The geraniol showed a
large bactericidal activity and greater than the cinnamic acid for the bacteria studied. The geraniol showed the better
bactericidal action and high application potential for use as an additive for treatment of the food or to produce active

food packaging.

Keywords: Geraniol; Cinnamic acid; Antimicrobial compounds;
Bactericidal compounds

Introduction

In recent years, aromatic plants and their extracts have been
examined for their effectiveness for food safety and preservation
applications [1-3] and have received attention as growth and health
promoters [4]. Most of their properties are due to their essential
oils (EOs) and other secondary plant metabolite components
[4]. Biological activities of EOs include, but are not limited to,
antibacterial, antifungal, antiviral, insecticidal, antioxidant and anti-
cancer properties [5,6]. Essential oils have been documented to be
effective antimicrobials against several foodborne pathogens including
Escherichia coli O157:H7, Salmonella typhimurium, Staphylococcus
aureus, Listeria monocytogenes, Campylobacter and others [7]. The use
of natural essential oils as antimicrobial agents in food products may
be considered as an additional key to increasing the security and shelf
life [8].

Many authors have performed studies in vitro on antibacterial
properties on several EOs [9,10] finding minimal inhibitory
concentrations (MIC) values very low (< 0, 1 %) against an initial
concentration higher than 10° CFU mL" of many pathogens, such as
Staphylococcus aureus, Listeria monocytogenes, Salmonella enteritidis,
Campylobacter jejuni and Escherichia coli [11].

Geraniol (3,7-dimethyl-octa-trans-2,6-dien-1-o0l) is an acyclic
monoterpene alcohol with the chemical formula C H, O (Figure 1).
The product referred to as “geraniol” is a mixture of the two cis-trans
isomers properly named geraniol (Trans) and nerol (cis). Geraniol is a
commercially important terpene alcohol occurring in the essential oils
of several aromatic plants [12].

Si et al. evaluated the antimicrobial activity of sixty six types of

essential oils and the geraniol showed antimicrobial effect for the
bacteria Escherichia coli and Salmonella typhimurium greater than
80% for 500 pg/ml oil concentrations [13]. These works obtained
antimicrobial activity results of the palmarosa oil (80% of geraniol in its
composition) considered strong, and this oil showed MIC between 0.4
and 0.6 mg L™ for Staphylococcus aureus and Escherichia coli [14]. The
geraniol gas demonstrated the antimicrobial activity for the pathogens
agent of the respiratory systems, including the bacteria Haemophilus
influenzae, Streptococcus pneumoniae, Streptococcus pyogenes and
Staphylococcus aureus [15].

The cinnamic acid, also known as 3-phenyl-2-propenoic acid
(Figure 2) consists of a naturally occurring aromatic fatty acid originated
from higher plants and found in Estoraques, cinnamon oils and coca
leaves [16], has low toxicity and a broad spectrum of biological activities
against numerous microorganisms [17]. Cinnamic acid derivatives
typically have a broad spectrum of biological activity including
antioxidant, cerebro-protective, hepato-protective, cholegogic, anti-
inflammatory, cytostatic, anti-hypoxic, hypolipidemic, anti-coagulant,
anti-allergic, antimicrobial, etc. [18] and are widely used in food
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Figure 1: Chemical structure of the geraniol.

Figure 2: Chemical structure of the cinnamic acid.

additives [19]. Cinnamic acid is the main constituent of clove oil
composing approximately (70 to 80%) followed by the composition of
eugenol (4 to 7%) [20].

Many cinnamic acid derivatives, especially those with the phenolic
hydroxyl group, are well-known antioxidants and are supposed to
have several health benefits due to their strong free radical scavenging
properties. It is also well known that cinnamic acid has antimicrobial
activity. Cinnamic acid derivatives, both isolated from plant material
and synthesized, have been reported to have anti-bacterial, anti-viral
and anti-fungal properties [21].

Tests with cinnamic acid showed antibacterial activity against all the
tested bacteria (Gram-positive bacteria Staphylococcus aureus (ATCC
6538), Bacillus cereus (clinical isolate), Listeria monocytogenes (NCTC
7973), Micrococcus flavus (ATCC 10240), Gram-negative bacterium
Pseudomonas aeruginosa (ATCC 27853), Escherichia coli (ATCC
35210), Salmonella typhimurium (ATCC 13311) and Enterobacter
cloacae (human isolate) with MIC 700 -15000 ug/ml [22].

Many studies mention the antimicrobial activity of Cymbopogon
martinii, commonly known the palmarosa or rosa grass, that is a
perennial aromatic grass, known for its rose like aroma essential oil
and refer this activity to geraniol. The essential oil obtained from
genuine Cymbopogon martinii is commonly known in trade palmarosa
oil, which contains geraniol and geranyl acetate the major compounds
[23]. Whole plant contains essential oil of palmarosa, but maximum
amount of oil and geraniol are reported in flowering tops [24]. The
characteristic odor of palmarosa oil is attributed to the high content of
geraniol and varying amounts of geranyl acetate [25].

Several authors refer to antimicrobial activity palmarosa to geraniol
in that it is in higher concentration, but it is known that palmarosa
extract is composed of various other oils and esters, including the
geranyl acetate, which is also widely quoted in the literature as
possessing antimicrobial activity [26,23,27]. Therefore, the need for
further work, which can demonstrate antimicrobial activity of geraniol
pure oil.

The aim of this study was to evaluate the minimum inhibitory

concentration and the antimicrobial sensitivity of the essential oil
of geraniol and cinnamic acid against different microorganisms
Staphylococcus aureus, Listeria monocytogenes, Escherichia coli and
Salmonella enterica.

Material and Methods
Microorganisms and inoculum preparation

The geraniol and cinnamic acid were obtained as analytical
standards from Sigma Aldrich. Antibacterial activity tests were
performed with standard Gram-positive strains, Staphylococcus aureus
(ATCC 25923) (Bioscan) and Listeria monocytogenes (ATCC 19111)
(Bioscan), Gram-negative strains, Escherichia coli (ATCC 25922)
(Bioscan) and Salmonella enterica (ATCC 14028) (Bioscan).

Using a sterile loop seeding the microorganisms were transferred
to cultures on nutrient agar - AN (Kasvi) for brain-heart broth tubes
- BHI (Kasvi) and incubated in a greenhouse bacteriological (Quimis,
modelo Q316M4) with controlled temperature of 35 + 1°C for 24 h.
After the incubation process the bacterial suspensions were adjusted
in sterile 0.9% saline (synth), in order to obtain an optical turbidity
comparable to McFarland 0.5 standard solution with an approximate
concentration of 10* CFU mL". The turbidity was measured by a
spectrophotometer (Biospectro, Model SP22) and transmittance
signals at wavelength of 625 nm. Likewise, the bacterial suspension was
diluted and adjusted to an approximate concentration of 10* CFU mL™.

Diffusion assay of agar

The antimicrobial activity of the geraniol and cinnamic acid was
assessed using a diffusion test results with pit on solid medium (agar),
following the method of susceptibility testing for antimicrobial agents
described by the standard CLSI with modifications.

With the aid of sterile cotton swab, the bacterial suspensions of
the different micro-organisms (10* CFU ml") were inoculated on the
surfaces of Plate Count Agar - PCA (Kasvi). After 5 minutes, were made
holes (wells) 5 mm in diameter and PCA with the aid of a micropipette
(Brand) were filled with geraniol or cinnamic acid. The plates were
incubated in bacteriological oven (Quimis, model Q316M4) controlled
temperature of 35 + 1°C. After 18 h the diameters of inhibition zones
were measured using a millimeter ruler. All agar diffusion tests were
performed in triplicate for each organism.

Determination of minimum inhibitory concentration (MIC)

The determination of the minimum inhibitory concentration
(MIC) was performed according to the procedures described by [28]
with some modifications. The geraniol and cinnamic acid were initially
diluted to a concentration of 10000 pg mL’ in an aqueous solution
containing 10% of volume of dimethyl sulfoxide (DMSO - Vetec).
The micro dilution test was performed in sterile 96-well microplates
shaped bottom "U" containing 100 pL of BHI (brain-heart infusion
broth). Then 200 pL of the diluted solutions geraniol and cinnamic
acid was added to the wells. The tests were performed in triplicate and
denominated by A1, A2 and A3 for the samples containing cinnamic
acid and A5, A6 and A7 for the samples containing geraniol. After
homogenization of the sample (line A) 100 pL aliquots of each solution
were successively transferred to new microplates, to obtain solutions
with different concentrations, Table 1.

In the solutions shown in Table 1, were added 5 uL of bacterial
inoculum of Staphylococcus aureus, Listeria monocytogenes, Escherichia
coli and Salmonella enterica, prepared with concentration of 10* CFU
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mL'. The different solutions were coded as sample number 10, 11
and 12 and used as control solutions for experimental testing. The
code solutions number 10 were used as the negative control in the
inhibitory activity of the DMSO solvent used in the preparation of all
the bacterial solutions. Solutions containing 10% DMSO were diluted
in Mueller-Hinton broth as the equivalent concentration of 78.125 mg
L' (equivalent to H sample) and the same inoculum was added. The
solutions coded as 11 samples were prepared containing BHI broth and
only the inoculum in order to serve as the positive control of bacterial

Sample Concentration of Geraniol or Cinnamic Acid (ug mL™")
A 10000
5000
2500
1250
625
312.5
156.25
H 78.125

@ mM Mmoo w

Table 1: Solutions with different concentrations of geraniol or cinnamic acid.

viability. A solution was prepared containing only Mueller-Hinton
broth with the aim of verifying the sterility of the plate.

The microplates were incubated in a microbiological incubator
with controlled temperature 35°C for 20 h. After the incubation was
added to each microplate 20 pL of an aqueous solution of 0.5% TTC
(triphenyl tetrazolium chloride -Sigma-Aldrich) and the microplates
were re-incubated for another 4 h. After the last incubation, the
presence of the red coloration in the holes indicated microbial growth,
while the absence of color indicated the inhibitory activity of the
samples geraniol and cinnamic acid.

Results and Discussion
Microbiological tests

Figure 3 shows the results of agar diffusion test for the pure
geraniol oil with different types of bacteria and the Table 2 shows the
average diameter of the halo inhibition measured for agar diffusion
tests. The geraniol showed an excellent antimicrobial activity for the
four bacteria tested and a bactericidal effect. In the agar diffusion test
for bacteria type Staphylococcus aureus the halo average diameter of the

Figure 3: Diffusion test results in agar for the geraniol with different bacteria. (a) Staphylococcus aureus, (b) Escherichia coli, (c) Listeria monocytogenes and (d)

Salmonella enterica
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inhibition zone was (35.3 + 0.08) mm. For the bacteria Escherichia coli,
the halo average diameter was (25.5 £ 0.05) mm and for the Salmonella
enterica the halo average diameter was (17.6 + 0.15) mm. For Listeria
monocytogenes the average diameter was (15.8 + 0.04) mm.

According to the antimicrobial activity rating from agar
diffusion tests established by Ponce et al. the geraniol is a compound
microbiologically very active for the bacteria Staphylococcus aureus,
Escherichia coli, Salmonella enterica and microbiologically active for
the bacterium Listeria monocytogenes [29]. The method establishes that
average diameters of halos of inhibition smaller than 9 mm should be
considered microbiologically not active; average diameters between 9

Mean ( * SD) diameter values for the inhibition halos (mm)
Samples Microorganisms
S.aureus E.coli L.monocytogenes |S.enterica
Geraniol 35.3+0.08 25.5+0.05 15.8 +0.04 17.6 £0.15
Cinnamic acid |16.5+0.10 |11.0+0.06 14.7 +0.12 14.8 £ 0.04

Table 2: Average diameter values for the inhibition halos in agar diffusion test for
the geraniol and cinnamic acid using different types of bacteria: Staphylococcus
aureus, Escherichia coli, Listeria monocytogenes and Salmonella enterica.

and 14 mm microbiologically active part; average diameters between
14 and 17 mm microbiologically active and higher average diameters
17 mm microbiologically very active.

The cinnamic acid showed less antimicrobial activity than geraniol.
The Figure 4 shows the results of microbiological tests by agar diffusion
obtained for pure cinnamic acid and different types of bacteria. For
bacteria of type Staphylococcus aureus the average diameter of the
inhibition halo was (16.5 + 0.10) mm and for the bacteria of the
type Salmonella enterica (14.8 + 0.04) mm. For bacteria type Listeria
monocytogenes the average diameter of the inhibition halo was (14.7
+ 0.12) mm and for the bacteria type Escherichia coli halo average
diameter was (11.0 £ 0.06) mm. Following the classification of Ponce
[29], cinnamic acid is a microbiologically active compound for the
bacteria Staphylococcus aureus, Salmonella enterica, and Listeria
monocytogenes. For bacteria type Escherichia coli cinnamic acid is
microbiologically active part.

In addition, essential oils are known to exhibit antimicrobial activity
against a wide range of bacteria and fungi. The antimicrobial activity of
essential oils is due to their solubility in the phospholipid bilayer of cell
membranes [30]. It was also reported that the antibacterial activities

(d) Salmonella enterica

Figure 4: Diffusion test results in agar for the cinnamic acid with different bacteria. (a) Staphylococcus aureus, (b) Escherichia coli, (c) Listeria monocytogenes and
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of monoterpene alcohols (including linalool, nerol, citronellol and
geraniol) are more effective than their antifungal activity [31]. Assays
have shown that geraniol demonstrates good activity in modulating
drug resistance of several Gram-negative bacterial species (E. aerogenes,
E. coli, P. aeruginosa) by targeting efflux mechanisms and could restore
drug susceptibility in strains that overexpress efflux pumps [32].

The results of the microbiological agar diffusion tests show that
geraniol has antimicrobial activity against all types of bacteria studied.
The cinnamic acid, despite having less antimicrobial activity also
inhibits bacterial growth of the studied strains.

The greatest antimicrobial activity geraniol oil is probably due to its
greater hydrophobicity. Some authors have shown that natural extracts
have high hydrophobicity and therefore cross bacterial membranes
with high easily, leading to loss of ions and reducing the electric
potential of membranes and loss of function of protons and decreased
ATP. These changes promote cell death of the bacteria [33].

Table 3 shows the results of the minimum inhibitory concentration
test (MIC) for the four bacteria studied, the compounds held geraniol
and cinnamic acid. The minimum concentration of geraniol required
for the inhibition of growth was lower for Escherichia coli and Listeria
monocytogenes, being 2500 pg mL. For Staphylococcus aureus and
Salmonella enterica concentration was 5000 pg mL'. Cinnamic acid a
concentration of 10000 ug mL"' was required to inhibit the growth of
bacteria assessed, being a concentration at least twice that of geraniol.
The minimum inhibitory concentration was not associated with the
type of cell wall of bacteria, Gram-positive or Gram-negative.

Figure 5 compares the microbiological results obtained for
the geraniol and cinnamic acid and shown that geraniol has greater
antimicrobial activity than cinnamic acid. For the four types of bacteria
evaluated geraniol showed greater antimicrobial activity of cinnamic acid
in the agar diffusion test, Figure 5a, and the inhibition tests, Figure 5b.

Application options as antimicrobial

The tested bacteria have causing various diseases to humans and
animals. The bacterium Staphylococcus aureus cause foodborne diseases
and infections ranging from minor skin disorders localized to the deep
tissue and life-threatening systemic disease. The bacteria Escherichia
coli are facultative anaerobic and are associated with urinary tract
infections and nosocomial infections in humans [32].

Salmonella enterica is associated with different clinical
manifestations: gastroenteritis, bacteremia, enteric fever, and an
asymptomatic carrier state and is more common in children under the
age of 5, adults 20-30 year olds, and patients 70 years or older [34-36].

Listeria monocytogenes is a facultative anaerobic Gram-positive
bacteria and capable of causing diseases in humans. According to
the European Authority for Food Safety (EFSA), L. monocytogenes
is considered a microorganism of concern because, although their
incidence in the population is relatively low, remains in the body
for a long time, causing the hospitalization people had 99.1% of the
confirmed cases, with a mortality rate of 15.6% in 2013 [37-39]. In the

MIC (pg mL")
Compound
S.aureus E.coli L.monocytogenes S.enterica
Geraniol 5000 2500 2500 5000
Cinnamic acid 10000 10000 10000 10000

Table 3: Results of the minimum inhibitory concentration test (MIC) for the geraniol
and cinnamic acid using different bacteria: Staphylococcus aureus, Escherichia
coli, Listeria monocytogenes and Salmonella enterica.

US, were reported 103 cases of human listeriosis, of which 15 resulted in
death, in 2011, all associated with L. monocytogenes [40]. Consequently,
in recent decades, researchers have devoted intense efforts to decrease
the incidence of this pathogen mainly in food and the use of geraniol
and cinnamic acid may be an excellent alternative.

The results of this work show that the pure geraniol oil has great
antimicrobial activity to the broad spectrum of pathogenic bacteria
evaluated. Compared with cinnamic acid geraniol oil inhibits the
growth and has higher antimicrobial activity for both Gram-negative
and Gram-positive for bacteria.

These characteristics add various application possibilities for the
oil geraniol. Its high antimicrobial activity and associated with the
inhibition capacity of a large number of bacteria can be exploited for
the development of antimicrobial technologies for food protection,
control and prevention of infections in environments frequented by
human beings or animals, or for the synthesis of new compounds with
antimicrobial properties, as is the case of geraniol esters.

Nowadays, the approaches that can be adopted in food preservation
include: (a) aseptic handling and packaging, (b) the mechanical
removal of microorganisms by washing or filtration, (c) destruction of
microorganisms by physical or chemical sanitization and finally (d) the
inhibition of pathogens or saprophytes through environmental control
[41]. Recent developments in nanotechnology have brought significant
advances in the development of active packaging using antimicrobial
compounds in its composition.

Inhibition of microbial growth through environmental control is
achieved through the addition of chemical compounds (antimicrobial
preservatives) with an inhibitory or bactericidal/fungicide activity [42].
In the last years, natural antimicrobials have attracted considerable
attention due to the increased consumer awareness on the aspects of
food quality and safety [41,43,44].

Nano encapsulation of bioactive compounds represents a viable
and efficient approach to increasing the physical stability of the
active substances, protecting them from the interactions with the
food ingredients and, because of the subcellular size, increasing
their bioactivity [42]. Several encapsulation systems, with different
formulations and size distributions were tested for the delivery of
essential oils in foods. For example, the use of a solid-fat micrometric
emulsion was reported to reduce the volatility of the antimicrobial
agent, entrapped into the crystallized-fat structure, thus protecting the
active compounds against environmental factors [45].

Some authors evaluated several EOs for antibacterial activity against
the E. coli O157:H7 and Salmonella hadar in apple juice. Compounds
most active against E. coli included carvacrol, oregano oil, geraniol,
eugenol, cinnamon leaf oil, citral, clove bud oil, lemon grass oil,
cinnamon bark oil, and lemon oil. The most active compounds against
S. Hadar were Melissa oil, carvacrol, oregano oil, terpeineol, geraniol,
lemon oil, citral, lemon grass oil, cinnamon leaf oil and linalool [46].

In addition to the acids most frequently added to melon and
watermelon juices, essential oils have also been studied to improve the
microbiological safety of these substrates [47]. Geraniol was added at
concentration of 10 ug/ml to inactivate Salmonella enterica serovar
typhimurium completely (>8 log10 cycles) in melon juices (pH 5.91) [48].

The geraniol and cinnamic acid present many interesting biological
properties, in addition to antimicrobial properties, which can be
applied to the development of methodologies and technologies for the
protection and conservation of food. These compounds are non-toxic,
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have antioxidant and anti-inflammatory activity. These properties
associated with high antimicrobial activity demonstrated by this study
show the high application potential of these compounds and instigate
new and further study of its application. Motivate studies to explore the
consumer product formulation containing viability geraniol, cinnamic
acid or its derivatives. Likewise, motivate future studies to evaluate the
technical feasibility of the application of production of antimicrobial
additives, non-toxic, antioxidants and anti-inflammatory drugs
with potential application in cosmetics, active packaging for foods,
biological membranes and using physician.

Recent studies cite the high antimicrobial activity against various
microorganisms of the nerol compound, which is the cis-isomer of
geraniol [49-51]. Some authors mention that the geraniol and the
nerol have double bonds in their molecules, so, these showed greater
antimicrobial activity against the bacteria tested, in comparison with
other essential oils tested that have single bond [52]. The details
about these microbiological properties not are shown by the scientific
literature. More results indicating the relationship of the structure,
specifically the relationship of the microbiological properties with the
position of the OH group in the structure of the geraniol and nerol, are
excellent opportunities for new scientific studies in future works.

Conclusions

The compounds tested geraniol and cinnamic acid, exhibit
activity against pathogens studied, Staphylococcus aureus, Listeria
monocytogenes, Escherichia coli and Salmonella enterica, being geraniol
a compound that deserves attention for being very active for three of
the four bacteria tested. Future research may focus on the efficacy of
these compounds in various industrial applications. The synergism of
these compound and processing techniques have to be investigated
for potential commercial applications as a new additive for foods and
packaging foods.
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