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ABSTRACT: Essential oils are plant extracts that have been used for their antimicrobial properties for centu-
ries. The keeping of turtles as pets exhibits a growing trend worldwide but these animals are known to harbour
a range of pathogenic bacteria. In the current study, we assessed eight essential oils as alternative antibacterial
agents against nine species of pet turtle-borne Gram-negative bacteria, namely Aeromonas caviae, A. dhakensis,
A. hydrophila, Citrobacter freundii, Morganella morganii, Proteus mirabilis, P. vulgaris, Pseudomonas aeruginosa
and Salmonella enterica. Except for Pseudomonas aeruginosa, all other bacterial species showed high susceptibil-
ity to six essential oils, namely oregano, cinnamon, clove, lemongrass, lavender and eucalyptus oils in descending
order of efficacy. Minimum inhibitory concentrations and minimum bactericidal concentrations values of the
essential oils against all tested species except for P. aeruginosa showed low heterogeneity, showing that these
essential oils can effectively control the growth of nearly all the tested. However, most of the tested bacteria were
multiple-antibiotic-resistant as determined in the antibiotic disc diffusion test, with multiple-antibiotic-resistant
index values of > 0.2 for most of the strains. Therefore, with regards to their in vitro activity in controlling growth
of multi-drug resistant bacteria, we can classify oregano, cinnamon, clove, lemongrass, lavender and eucalyptus
essential oils as effective antibacterial agents. Thus, prospective application of these essential oils in controlling
and treating these bacteria should be considered.

Keywords: essential oil; antibacterial efficacy; pet turtles; Aeromonas caviae; Aeromonas dhakensis; Aeromonas
hydrophila; Citrobacter freundii; Morganella morganii; Proteus mirabilis; Proteus vulgaris; Pseudomonas aeruginosas
Salmonella enterica; cinnamon; Cinnamomum zeylanicum; clove; Syzygium aromaticum; eucalyptus; Eucalyptus
radiata; ginger; Zingiber officinale; lemongrass; Cymbopogon flexuosus; lime; Citrus aurantifolia; lavender; Lavan-
dula angustifolia; oregano; Origanum vulgare; yellow-bellied slider; Trachemys scripta scripta; Chinese stripe-
necked turtle; Ocadia sinensis; river cooter; Pseudemys concinna concinna; Chinese softshell turtle; Pelodiscus
maackii; western painted turtle; Chrysemys picta belli; common musk turtle; Sternotherus odoratus

Plant oils and extracts have been used for centu-
ries, and these substances possess numerous bio-
logical properties (Jones 1996). The use of plant
extracts as alternatives to chemical therapeutics has
resulted in renewed attention in aromatic plants
(Burt 2004). In particular, essential oils (EOs) have
been tested as potential alternative remedies to
treat many infectious diseases (Tepe et al. 2004).
Generally, EOs are considered to be plant second-

ary metabolites and often possess antimicrobial
and antioxidant properties (Hyldgaard et al. 2012).
Since EOs are a rich source of biologically active
compounds, investigating the antimicrobial prop-
erties of EOs extracted from aromatic plants is of
growing interest (Hammer et al. 1999).

In line with the generally growing interest in
exotic pet keeping worldwide, aquatic turtles are
gaining in popularity as pets. Specifically, Republic
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of Korea is now among the top buyers of pet turtles
from the USA (HSUS 2001). However, care must be
taken when raising pet turtles, because they har-
bour numerous pathogenic bacteria in their nor-
mal flora which are either opportunistic or readily
pathogenic to humans. Pet turtles have been re-
ported to harbour a variety of antimicrobial-resist-
ant bacteria such as Aeromonas spp., Citrobacter
freundii, Salmonella enterica, Edwardsiella tarda,
Morganella morganii and Pseudomonas aeruginosa
in which resistance was often genetically deter-
mined (Diaz et al. 2006; Shin et al. 2016; Hossain
et al. 2017; Wendt et al. 2017; Wimalasena et al.
2017a; Wimalasena et al. 2017b; Wimalasena et
al. 2017c). Turtle-borne salmonellosis caused by
S. enterica is often a concern in turtle-keeping
(De Silva et al. 2017). Aeromonas spp. can cause
gastroenteritis, wound and soft tissue infections,
muscle infections, septicaemia and skin diseases
(Janda and Abott 2010). C. freundii is known to
cause opportunistic infections such as severe di-
arrhoea, urinary tract infections, pneumonia and
brain abscesses (Badger et al. 1999). Besides, several
opportunistic human infections caused by bacteria
such as E. tarda, M. morganii and P. aeruginosa
have been reported (Nelson et al. 2009; Bradbury
et al. 2010; Liu et al. 2016).

Additionally, turtles can develop a range of bac-
terial zoonoses, especially when they are immu-
nosuppressed. Necrotic stomatitis in turtles and
tortoises has been determined to be caused by
either Pseudomonas or Aeromonas bacteria (Holt
et al. 1979). C. freundii has been identified as the
main causative agent of septicaemic cutaneous ul-
cerative disease in aquatic turtles (Kobolkuti et al.
2008). Aeromonas and Pseudomonas spp. have been
isolated from turtles with pneumonia, and many
other infections in turtles with bacterial aetiolo-
gies have been described (McArthur 2004; Kohler
2006; Hernandez-Divers et al. 2009; Chen et al.
2013; Chung et al. 2017).

In the absence of vaccines against specific bac-
teria, antibiotics are common means of treating
bacterial diseases or infections both in human and
veterinary medicine. Nevertheless, indiscriminate
and improper use of antibiotics has led to the global
issue of antimicrobial resistance. Thus, investigat-
ing alternative medications for antibiotics is a mat-
ter of necessity, since conventional antimicrobial
therapies might not be successful in treating such
bacterial infections. Therefore, in the current study
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we sought to evaluate the in vitro efficacy of eight
plant essential oils as antimicrobial agents against
nine species of pathogenic Gram-negative bacteria
isolated from pet turtles by comparative assessment
of their minimum inhibitory concentrations (MICs)
and minimum bactericidal concentrations (MBCs).

MATERIAL AND METHODS

Essential oils. Eight professional-grade EOs,
namely cinnamon (Cinnamomum zeylani-
cum), clove (Syzygium aromaticum), eucalyptus
(Eucalyptus radiata), ginger (Zingiber officinale),
lemongrass (Cymbopogon flexuosus), lime (Citrus
aurantifolia), lavender (Lavandula angustifolia)
and oregano (Origanum vulgare), were purchased
from Aromarant Co. Ltd., Rottingen, Germany.
According to the manufacturer, the EOs has been
extracted by steam distillation and 100% purity has
been verified using a chiral method.

Bacteria. A total of 24 bacterial strains belonging
to nine species, namely A. caviae, A. dhakensis, A.
hydrophilla, C. freundii, M. morganii, P. mirabi-
lis, P. vulgaris, P. aeruginosa and S. enterica, were
selected for the study. Test strains had previously
been isolated from six popular pet turtle species,
namely the yellow-bellied slider (Trachemys scripta
scripta), Chinese stripe-necked turtle (Ocadia sin-
ensis), river cooter (Pseudemys concinna concinna),
Chinese softshell turtle (Pelodiscus maackii), west-
ern painted turtle (Chrysemys picta belli) and com-
mon musk turtle (Sternotherus odoratus), which
were reared in the laboratory in accordance with
a general husbandry protocol (Bluvias and Eckert
2010). Species identity of all the test strains was
confirmed using 16s rDNA sequencing and BLAST
compatibility with the NCBI database.

Preliminary antibacterial assay. As is common,
the disc diffusion test was used in preliminary ex-
aminations to screen the EOs for antibacterial ac-
tivity and to select the most effective EOs (Burt
2004). All the test strains were cultured on tryptic
soy agar (TSA) (MBcell, Los Angeles, USA) and
incubated at 37 °C for 24 h prior to the test. Each
bacterial inoculum was prepared in sterile saline
to give a density equivalent to 0.5 McFarland (1.5 x
10® CFU/ml) units. Bacterial inocula were spread
plated on Mueller-Hinton agar (MHA) (MBcell,
Los Angeles, USA) using sterile cotton swabs in
order to obtain evenly inoculated cultures. Under
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aseptic conditions, sterilised paper discs, 6 mm in
diameter, (Advantec, Japan) were soaked with 20 pl
of EOs at different concentrations (EO : dimethyl
sulfoxide (DMSO)at1:0,1:1,1:5and 1:10)and
placed on the agar surface (NCCLS 2002). Paper
discs impregnated with DMSO were placed as the
vehicle control. The plates were incubated at 37 °C
for 24 h and the effectiveness of EOs was deter-
mined according to the inhibition zone diameters.

Minimum inhibitory concentrations and mini-
mum bactericidal concentrations. The MICs of
EOs were determined using the broth microdilution
method (NCCLS 2002). Briefly, the 24-h TSA cul-
tures were adjusted to approximately 1.5 x 10 CFU/
ml with sterile saline solution. Culture medium was
prepared by adding 5% (v/v) DMSO into double-
strength Mueller Hinton broth and 100 ul of the
medium were dispensed into each well of 96-well
microtiter plates. For each EQO, the first column of
the well plate received EO with a final concentration
of 4% (v/v) and then this initial solution was two-fold
serially diluted across the plate until the concentra-
tion reached 0.0075% (v/v) based on the results of
the preliminary antibacterial assay. One hundred
microliters of each bacterial inoculum were added
to wells and the plates were incubated at 37 °C for
24 h. Each assay was conducted in triplicate.

In order to determine the MBCs, the culture
media from wells with EO concentrations higher
than the MIC were smeared on TSA plates sepa-
rately and incubated at 37 °C for 24 h. MBCs were
determined as the lowest concentrations of EO
which resulted in no viable bacterial colonies on
the TSA plates.

Disc diffusion test for antibiotics. In parallel to
the antibacterial assay for EOs, the susceptibility of
15 selected antibiotics from eight different antibiot-
ic groups was examined on MHA following the rec-
ommendations of the Performance Standards for
Antimicrobial Susceptibility Testing of the Clinical
and Laboratory Standards Institute (CLSI 2014).
The following antibiotics were tested: ampicillin
(10 pg), amoxicillin (30 pg), cephalothin (30 pg),
cefoxitin (30 pg), ceftriaxone (30 pg), imipenem
(10 pg), meropenem (10 pg), gentamycin (10 pg),
amikacin (30 pg), streptomycin (10 pg), nalidixic
acid (30 pg), ciprofloxacin (5 pg), trimethoprim-
sulfamethoxazole (25 pg), chloramphenicol (30 pg)
and tetracycline (30 pug). The E. coli ATCC 25922
strain was employed in the antimicrobial suscep-
tibility testing as the reference.

Multiple antibiotic resistance index. Following
the disc diffusion test results for antibiotics, the
multiple antibiotic resistance (MAR) index was
calculated for each strain. When relating to a sin-
gle bacterial strain, the MAR index is expressed
as ‘a/b, where ‘@’ equals the number of antibiotics
to which the strain is resistant, and ‘b’ denotes the
total number of antibiotics tested for the strain
(Krumperman 1983).

RESULTS

According to the preliminary antibacterial assay,
all EOs except for ginger oil and lime oil exhib-
ited antibacterial activity against the tested bac-
teria (data not shown). The results revealed that
those EOs showed antibacterial activities of vary-
ing magnitudes against the majority of the tested
Gram-negative bacteria. Sensitivity was found to
gradually increase with increasing concentration of
EOs added to the disc. P. aeruginosa was observed
to be susceptible only to oregano oil and cinnamon
oil and was resistant against all other EOs at all the
tested concentrations.

MIC and MBC test results for the six effective
EOs (without ginger oil and lime oil) are given in
Table 1 and Table 2. The MICs of ginger oil and lime
oil were calculated to be > 17.8 mg/ml (> 4%) and
>17.2 mg/ml (> 4%), respectively, for all the tested
strains. According to the MIC and MBC results for
the other six EOs, the highest antibacterial activity
(or the lowest MIC and MBC values) was detected
in oregano oil, whereas the lowest efficacy was de-
tected for eucalyptus oil.

The results of the antibiotic disc diffusion test are
summarised in Table 3. With regards to the antibio-
gram profile, all tested bacteria, except for one S.
enterica strain (MAR index 0.06), exhibited multiple
drug resistance and showed resistance to three or
more out of 15 antibiotics tested (MAR index > 0.2).
P aeruginosa was the species that was resistant to
the highest number of antibiotics, while S. enterica
was resistant to the lowest number of antibiotics.

DISCUSSION

In the present study, we aimed to examine the in
vitro efficacy of eight EOs in controling the growth
of nine species of Gram-negative bacteria isolated
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Table 1. Minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC) of the clove,

oregano and cinnamon oils against pet turtle-borne pathogenic bacteria

MIC and MBC of essential oils; mg/ml (% (v/v))

S . . clove Oregano Cinnamon
pecies Strain
MBC/ MBC/ MBC/
MIC MBC ) MIC MBC MG MIC MBC
PS1 >2198(>4) ND - 1.13 (0.25) 4.51 (1) 4 108(2) >216(>4) -
Pseudomonas
cornginost PS2 >2198(>4)  ND - 2.25 (0.5) 4.51 (1) 2 2.7 (0.5) 5.4 (1) 2
PS3 >2198(>4)  ND - 1.13 (0.25) 2.25 (0.5) 2 54(1)  >216(>4) -
PM1 0.69(0.125) 1.37(0.25) 2  0.07(0.015)  0.14(0.03) 1 0.675(0.125) 1.35(0.25) 2
1}; rl.or;eé‘i;l.s PM2 1.37(0.25) 275(05) 2  0.07(0.015)  0.14(0.03) 1 0675(0.125) 2.7(0.5) 4
PM3 0.69(0.125) 1.37(0.25) 2  0.07(0.015)  0.14(0.03) 1  0.338(0.06) 0.675(0.125) 2
PVl 0.34(0.06) 1.37(025 4  0.07(0.015)  0.14(0.03) 2  0.338(0.06) 0.675(0.125) 2
Pvulgaris ~ PV2 0.34(0.06) 1.37(0.25 4 0.14(0.03)  014(0.03) 1  0.675(0.125) 0.675 (0.125) 1
PV3 0.69(0.125) 1.37(0.25) 2  0.07(0.015)  0.14(0.03) 2  0.675(0.125) 0.675 (0.125) 1
u L, MLo137 (0.25) 275(0.5) 2 0.035(0.0075) 0.035(0.0075) 1  0.675(0.125) 0.675 (0.125) 1
m(‘)’:ﬁ:;’; 4 M2 069(0.125) 1.37(0.25) 2  0.035(0.0075) 0.035(0.0075) 1  0.675(0.125) 0.675(0.125) 1
M3  0.69(0.125) 1.37(0.25) 2  0.07(0.015) 0.07(0.015) 1 0.675(0.125) 1.35(0.25) 2
o CF1 0.69(0.125) 0.69(0.125) 1  0.07 (0.015) 0.07 (0.015) 1  0.338(0.06) 0.675(0.125) 2
fcr‘et;"; di.’i“er CE2 0.69(0.125) 0.69(0.125) 1  0.07(0.015)  0.07(0.015) 1  0.338 (0.06) 0.338 (0.06) 1
CF3 0.69 (0.125) 0.69 (0.125) 1  0.07(0.015)  0.07 (0.015) 1  0.338(0.06) 0.675 (0.125) 2
Dol SE1  0.69 (0.125) 0.69 (0.125) 1  0.035(0.0075) 0.035(0.0075) 1  0.338 (0.06) 0.675 (0.125) 2
thZ;’C';e 4 SE2  0.34(0.06) 034(0.06) 1  0.035(0.0075) 0.035(0.0075) 1  0.675(0.125) 0.675 (0.125) 1
SE3 0.69(0.125) 0.69 (0.125) 1  0.07(0.015) 0.07 (0.015) 1  0.675(0.125) 0.675(0.125) 1
Aeromonas ~AC1 137(025) 1.37(0.25) 1  0.07(0.015) 007 (0.015) 1  0.675(0.125) 0.675 (0.125) 1
caviae AC2 1.37(025) 137(025) 1  0.07(0.015) 007(0.015) 1 0.675(0.125) 1.35(0.25) 2
A dhakensis ADL 275(05) 27505 1 007(0015) 056(0.125) 1 135(025) 135(025) 1
P GRAKENsIS - Ay 1.37(0.25) 1.37(025) 1 0.07(0.015) 056 (0.125) 1  0.675(0.125) 1.35(0.25) 2
AH1 0.17(0.03) 0.69(0.125) 4  0.035(0.0075) 0.07(0.015) 2  0.338(0.06) 0.338 (0.06) 1
A. hydrophila AH2 0.085 (0.015) 0.34(0.06) 4  0.07(0.015)  0.14(0.03) 2  0.338(0.06) 0.675(0.125) 2
AH3  0.34(0.06) 0.69 (0.125) 2 0.14(0.03)  014(0.03) 1  135(0.25) 27(05) 2

ND = not done

from pet turtles. Six EOs were found to be suitable
for this purpose. However, P. aeruginosa was highly
tolerant to EOs compared to the other species, and
only oregano and cinnamon oils could suppress its
growth within the tested range of concentrations.
As the MIC outcomes revealed, clove, eucalyptus,
lemongrass, lavender, ginger and lime EOs all had
MICs higher than 4% (v/v) against P. aeruginosa.
Also, the MICs and MBCs of oregano and cinna-
mon oils against P. aeruginosa were comparatively
much higher than those observed for the other bac-
terial species tested. Similar MIC values of euca-
lyptus, lime, lavender, clove and ginger oils of > 2%
(v/v) were reported in P. aeruginosa (Hammer et al.
1999), while the cinnamon, clove and lime oil MICs
were > 0.8, > 1.6 and > 6.4 (mg/ml), respectively
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(Prabuseenivasan et al. 2006). On the other hand,
P, aeruginosa was resistant to at least 12 out of the
15 antibiotics tested and was only susceptible to
ciprofloxacin towards which it exhibited the high-
est MAR index values of > 0.86. Such resistance
could be explained by the fact that P. aeruginosa is
a unique pathogen known to employ all known bac-
terial resistance mechanisms such as chromosomal
mutations, plasmid-mediated determinants, dimin-
ished outer membrane permeability, active efflux
pump systems and various enzymatic modulators.
Simultaneous employment of these mechanisms
confers combined resistance to many antibacterial
agents (Yordanov and Strateva 2009).

Among the tested EOs, oregano EO was found
to be most effective, and the smallest MIC range,
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Table 2. Minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC) of eucalyptus,

lemongrass and lavender oils against pet turtle-borne pathogenic bacteria

MIC and MBC of essential oils; mg/ml (% (v/v))

Species Strain eucalyptus lemongrass lavender
MBC/ MBC/ MBC/
MIC MBC MIC MIC MBC MIC MIC MBC MIC
Peond PS1 >18.14 (> 4) ND - >1744(>4) ND - >185(>4) ND -
SCUAOMONAS oo 5 18.14 (> 4) ND 51744 (> 4) ND — 5185(>4) ND -
aeruginosa
PS3 >18.14 (> 4) ND - >17.44 (> 4) ND - > 185 (> 4) ND -
» PM1  9.07 (2) 9.07 (2) 1 1.09 (0.25) 1.09(0.25) 1 4.63 (1) 4.63 (1) 1
mri‘;;elj‘;is PM2 9.07(2) >1814(>4) -  055(0.125) 1.09(0.25) 2 4.63 (1) 4.63 (1) 1
PM3 9.07(2) >1814(>4) -  0.55(0.125) 1.09(0.25) 2 2.31(0.5)  2.31(0.5) 1
PV1  9.07(2) 9.07 (2) 1 055(0.125) 1.09(0.25) 2 2.31(0.5) 4.63 (1) 2
P vulgaris PV2  9.07(2) >1814(>4) -  027(0.06) 1.09(0.25) 2 4.63 (1) 4.63 (1) 1
PV3  454(1) >1814(>4) -  1.09(0.25)  2.18(0.5) 2 4.63 (1) 4.63 (1) 1
M1  4.54(1) 4.54 (1) 1 027(0.06) 055(0.125) 2 2.31(0.5) 4.63 (1) 2
Morganella
moreanii M2 4.54(1) 4.54 (1) 1 027(006) 027(0.06) 1 4.63 (1) 4.63 (1) 1
g M3  227(0.5) 4.54 (1) 2 027(0.06) 055(0.125) 2 2.31(0.5)  2.31(0.5) 1
) CF1  4.54(1) 4.54 (1) 1 055(0.125) 0.55(0.125) 1 2.31(0.5) 9.25 (2) 4
Citrobacter
freundii CF2  454(1) 9.07 (2) 2 0.27 (0.06)  1.09(0.25) 4 4.63 (1) 9.25 (2) 2
CF3  9.07(2) 9.07 (2) 1 027(0.06) 0.55(0.125) 2 4.63 (1) 9.25 (2) 2
SE1  4.54(1) 4.54 (1) 1 027(0.06) 027(0.06) 1 2.31(0.5)  2.31(0.5) 1
Salmonella
onterica SE2  4.54(1) 9.07 (2) 2 0.55(0.125) 0.55(0.125) 1 4.63 (1) 4.63 (1) 1
SE3  9.07(2) 9.07 (2) 1 055(0.125) 0.55(0.125) 1 4.63 (1) 9.25 (2) 2
Aeromonas  AC1  2.27 (0.5) 4.54 (1) 2 027(0.06) 0.55(0.125) 2 4.63 (1) 9.25 (2) 2
caviae AC2  2.27(0.5) 4.54 (1) 2 027(0.06) 0.55(0.125) 2 4.63 (1) 9.25 (2) 2
. AD1  4.54(1) 9.07 (2) 2 2.18 (0.5) 4.36 (1) 2 4.63 (1) 9.25 (2) 2
A dhakensis o 4 541) 4.54 (1) 1 1.09(025 218(05) 2 4.63 (1) 4.63 (1) 1
AH1 2.27(0.5) 4.54 (1) 2 027(006) 027(0.06) 1 2.31(0.5) 4.63 (1) 2
A. hydrophila AH2 ~ 2.27 (0.5) 4.54 (1) 2 014(0.03) 0.14(0.03) 1 4.63 (1) 4.63 (1) 1
AH3  4.54(1) 9.07 (2) 2 014(0.03) 055(0.125) 4 4.63 (1) 4.63 (1) 1
ND = not done

0.0075% (0.035 mg/ml) to 0.03% (0.14 mg/ml), was
observed against the tested bacteria except for P
aeruginosa. Notably, oregano oil was effective in
suppressing the growth of P. aeruginosa (MICs;
0.25% (1.13 mg/ml), 0.5% (0.25 mg/ml)). In addi-
tion, for oregano oil, MBC was equal to MIC in
18/24 (75%) of the isolates, which indicated the bac-
tericidal effectiveness of oregano oil against all the
tested species of bacteria. Antibacterial efficacy of
oregano oil has been reported previously for food-
borne A. hydrophila, P. aeruginosa, S. enterica, P.
mirabilis and P. vulgaris (Souza et al. 2006; Ozkalp
et al. 2010). The antibacterial efficacy of oregano
oil could be attributed to carvacrol and thymol, the
major phenolic compounds of oregano oil, which
are capable of disintegrating the bacterial outer

membrane, releasing lipopolysaccharides and in-
creasing cell membrane permeability to permit ion
loss from the cytoplasm (Ultee et al. 2002).

As the second most effective EO, cinnamon oil
showed MIC values ranging from 0.06% to 0.25%
(0.338-1.35 mg/ml), except for P. aeruginosa. The
highest MIC, 0.25%, was observed for A. dhakensis
and A. hydrophila while the other species had a
similar MIC profile. Cinnamon oil has also been
reported to restrain the growth of many Gram-
positive and Gram-negative bacteria, some of
which are multidrug-resistant (Keskin and Toroglu
2011; Guerra et al. 2012; Al-Mariri and Safi 2014).
Cinnamaldehyde is the major component of cin-
namon oil; it can exert different antibacterial activi-
ties depending on the concentration applied and is
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Table 3. Antibiogram profiles of pet turtle-borne pathogenic bacteria

Antimicrobial susceptibility pattern

Species Strain : di MAR
resistant 1nterme late susceptible index
resistant
AMP, AMX, FOX, KF, STP, GEN, AK,

PS1 IML MRP, NAL, SXT, CHL CRO, TET CIP 0.86
Pseudomonas PS2 AMP, AMX, FOX, KF, CRO, STP, GEN, cIp 0.93

aeruginosa AK, IMI, MRP, NAL, SXT, CHL, TET :
PS3 AMP, AMX, FOX, KF, STP, GEN, AK, CRO, TET CIP 0.86

IMI, MRP, NAL, SXT, CHL
PM1 AMP, AMX, KF, SXT, GEN, CHL, TET IMI, STP FOX, CRO, MRP, AK, NAL, CIP 0.46
AMX, FOX, CRO, GEN, AK, IM],

é’;l(geus mira- PM2 AMP, TET, KF STP MRP, NAL, CIP, SXT, CHL 0.2
AMX, CRO, GEN, AK, IMI, MRP,
PM3 AMP, TET, FOX, KF STP NAL, CIP, $XT, CHL 0.26
FOX, CRO, GEN, AK, IMI, MRP, NAL,
PV1 AMP, AMX, KE, STP CHL C1Ip, SXT. TET 0.26
. AMX, FOX, CRO, STP, GEN, AK, IMI,
P vulgaris PV2 AMP, TET, KF MRP, NAL, CIP, SXT, CHL 0.2
GEN, CHL,
PV3 AMP, AMX, STP, KF, TET o FOX, CRO, AK, MRP, NAL, CIP, SXT 0.33
M1  AMP, AK, KF, FOX, IMI, SXT, TET STP AMX, CRO, GEN, MRP, NAL, CIP, -, ;¢
CHL
xgg;’:’l;”“ M2 AMP, AMX, KE, FOX, IMI, TET SXT, MRP CRO, STP, GEN, AK, NAL, CIP, CHL 0.4
FOX, CRO, STP, GEN, AK, MRP, NAL,
M3 AMP, AMX, KE, IMI SXT CIp, CHL, TET 0.26
cr1 AMP AMX, KE FOX, IML ST NAL, - py CRO, AK, MRP, CIP, SXT 0.6
- CHL, TET
ﬁg Z d;’l.”e’ CF2 AMP, AMX, KE, FOX, STP, NAL, TET  SXT CRO, IMI, MRP, GEN, AK, CIP, CHL 0.46
AMP, AMX, KE, FOX, STP, GEN, NAL,
CF3 SXT. CHL, TET IMI, CIP AK, MRP, CRO 0.66
FOX, IMI, MRP, STP, GEN, AK, NAL,
SE1 AMP, AMX, KE, CRO C1b, SXT. CHL, TET 0.26
Salmonella AMX, KF, FOX, CRO, STP, GEN, AK,
enterica SE2 AMP IMI, MRP, NAL, CIP, SXT, CHL, TET 00
FOX, IMI, MRP, STP, GEN, AK, NAL,
SE3 AMP, AMX, KF CRO C1IP, SXT. GHL, TET 0.2
Aeromonas AC1 AMP, AMX, KE, GEN, SXT, CHL, TET  STP FOX, CRO, AK, IMI, MRP, NAL, CIP  0.46
; FOX, CRO, IMI, MRP, GEN, AK, NAL,
caviae AC2 AMP, AMX, KE, CHL STP CIP. TET, SXT 0.26
AD1 AMP AMX, Iq;gTO)é’HCLRO' NAL, SXT,  pp STP, GEN, AK, IMI, MRP 0.6
A. dhakensis ’
AMP, AMX, KE, FOX, CRO, STP, NAL,
AD2 SXT. TET. CHL CIP IMI, MRP, GEN, AK 0.66
AH1 AMP, AMX, CRO, NAL, CHL cip, pox KB STP GEN, ‘%IE’TIML MRP, SXT, ) 33
A.hydrophila 110 A Mp AMX, KE, CRO, CHL, TET FOX STP, GEN, AK, ISI;\;[(IT MRP, NAL, CIP,

AH3 AMP, AMX, CRO, KE, NAL, CHL, TET FOX, SXT STP, GEN, AK, IMI, MRP, CIP 0.46

AK = amikacin, AMP = ampicillin, AMX = amoxicillin, CHL = chloramphenicol, CIP = ciprofloxacin, CRO = ceftriaxone,
FOX = cefoxitin, GEN = gentamycin, IMI = imipenem, KF = cephalothin, MRP = meropenem, NAL = nalidixic acid, STP =
streptomycin, SXT = trimethoprim-sulfamethoxazole, TET = tetracycline

capable of altering the lipid profile of the microbial isolates except one P. mirabilis strain showed MBC/
cell membrane (Wendakoon and Sakaguchi 1995; MIC values of < 2 demonstrating the bactericidal
Nazzaro et al. 2013). In the case of MBC, all the effect of cinnamon oil. Generally, an agent can be
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considered bactericidal when the MBC/MIC ratio
is < 4 and bacteriostatic when it is > 4 (Kone et al.
2004).

The MIC and MBC profile of clove oil was ob-
served to be similar to cinnamon oil with the ex-
ception of P. aeruginosa. However, the lowest MIC
of clove oil, obtained for one A. hydrophila iso-
late, was 0.03% (0.17 mg/ml), whereas the highest
was 0.25% (1.37 mg/ml), which was found in a few
other species. Also, the MBC/MIC values were rela-
tively higher than those of cinnamon oil for most
of the bacteria: against two P. vulgaris and two A.
hydrophila isolates the ratio was 4. This indicates
that clove oil could be bacteriostatic for these spe-
cies. MICs > 3.2 and > 1.6 mg/ml have previously
been reported for clove oil against P. vulgaris and
P aeruginosa, which are moderately higher than
our results (Prabuseenivasan et al. 2006). Clove
oil is rich in eugenol, a phenylpropene compound
which has well-described antibacterial properties
including alteration of cell membrane structure, the
bacterial envelope and membrane-bound ATPase
activity (Gill and Holley 2006).

When considering the lemongrass oil, the an-
tibacterial activity was considerably effective
at inhibiting the growth of all bacteria except P.
aeruginosa with MIC values ranging from 0.03%
(0.14 mg/ml) in A. hydrophila to 0.5% (2.18 mg/ml)
in A. dhakensis. In addition, the activity of lemon-
grass oil against the majority of the tested isolates
gave MICs < 0.125% (0.55 mg/ml). In line with our
results, a previous study reported MBC values of
around 0.31% (v/v) in fish-borne Aeromonas spp.
(Starliper et al. 2015). In contrast, lemongrass oil
exerted only a minor effect on C. freundii and P.
mirabilis and a lower number of isolates were found
to be susceptible (Singh et al. 2011).

Although the relative efficacies of the eucalyptus
and lavender oils were lower than those of other
EOs, they could also inhibit the growth of all the
tested Gram-negative bacteria except for P. aerugi-
nosa. Lavender oil MICs were either 0.5% (2.31 mg/
ml) or 1% (4.63 mg/ml), whereas eucalyptus oil
showed MICs ranging from 0.5% (2.27 mg/ml) to 2%
(9.07 mg/ml). In a previous study, the MICs of lav-
ender oil for Citrobacter spp. and Salmonella spp.
showed high values (> 10% (v/v)), although for A.
hydrophila the MIC value was 0.94%. In the same
study, eucalyptus oil was found to have MICs of
8.75%, 8.33% and 2.5% (v/v) for Salmonella spp.,
Citrobacter spp. and A. hydrophila, respectively

(Mayaud et al. 2008). In addition, lime oil and ginger
oil were relatively less effective with MICs of > 4%
(v/v) for all of the isolates. This has been report-
ed previously for several Gram-negative bacteria
(Arora and Kaur 1999; Prabuseenivasan et al. 2006).

In the case of overall sensitivity to EOs, no species
other than P. aeruginosa showed considerable het-
erogeneity in MIC and MBC values, which indicates
that the EOs are effective against most of the tested
bacteria regardless of the species. In addition, the
MBC/MIC ratio was, on a whole, < 4 for EOs in the
majority of the isolates demonstrating that the EOs
are bactericidal for most of the strains. Most stud-
ies published to date were concerned with clinical,
foodborne or bacteria from type culture collec-
tions. To our knowledge, ours is the first study to
assess the EO sensitivity of Gram-negative bacteria
isolated from turtles.

Meanwhile, the antibiotic resistance profile indi-
cated that all the isolates excluding one S. enterica
strain were resistant to three or more antibiotics
with MAR index values of > 0.2. Generally, MAR
index of > 0.20 implies that the bacteria originate
from a site where several antibiotics have been
frequently used and thus carry a high risk of con-
tamination (Krumperman 1983). Importantly, in
our study we could successfully deter the growth
of such multidrug-resistant bacteria in vitro using
EOs. Accordingly, the possible application of these
EOs in controlling and treating infections of these
Gram-negative bacteria should be considered.

In conclusion, the comparative efficacy of the
eight EOs, in descending order, is oregano, cin-
namon, clove, lemongrass, lavender, eucalyptus,
ginger and lime. Our results on the in vitro effi-
cacy of the eight EOs reveals oregano, cinnamon,
clove and lemongrass oils to be the most effective
alternative antibacterial agents against all the tested
bacteria except for P. aeruginosa. However, further
studies should be conducted to investigate the in
vivo efficacy and other related parameters for a
better elucidation of the potential of these EOs as
practical antimicrobial agents.
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