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ABSTRACT: The aim of this study was to investigate the efficacy of 11 essential oils (EOs) against Staphylococcus
pseudintermedius planktonic and biofilm forms. Twenty three bacterial samples were collected from dogs with
superficial pyoderma and 9 samples were identified as S. pseudintermedius by polymerase chain reaction-restriction
fragment length polymorphism method. The minimum planktonic inhibitory concentration (MPIC), minimum
planktonic bactericidal concentration (MPBC) and minimum biofilm eradication concentration (MBEC) of EOs were
determined by broth microdilution using a transferable solid phase. Among all, lemongrass EO was the most effective
against both planktonic and biofilm forms of S. pseudintermedius with the MPIC, MPBC and MBEC of 0.02, 0.039 and
0.078% v/v, respectively. EOs of betel vine and citronella had the second most inhibitory effect (MPIC and MPBC:
0.039% v/v and MPBC: 0.156% v/v) followed by clove (MPIC and MPBC: 0.078% v/v) and sweet basil (MPIC and
MPBC: 0.625% v/v). The EOs of ginger, plai, kaffir lime, turmeric, holy basil and galanga had the lowest inhibitory
effect with MPICs and MPBCs ranging from 1.25% v/v to greater than 2.5% v/v. The results of this study indicated that
the anti-planktonic and anti-biofilm effects of the tested EOs were concentration dependent, and higher concentrations
were required for anti-biofilm activity. Lemongrass EO showed the most potential as a therapeutic antimicrobial agent
for both planktonic and biofilm forms of S. pseudintermedius.
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INTRODUCTION

Pyoderma in dogs is one of the most important small
animal dermatologic diseases [1]. The animal with
signs of the disease suffers from a skin infection,
which leads to decreased skin immunity, increased
skin disorders and complications with other micro-
bial infections, resulting in a disease that is difficult
to be diagnosed and treated. Infected animals
show various symptoms such as pruritus, alopecia,
follicular papules or pustules, erythema, epidermal
collarettes and serous crusts [2]. The gram-positive
bacteria Staphylococcus pseudintermedius is the most
important causative pathogen of this disease, which
is an opportunistic pathogen in dogs [3]. Moreover,
it can also infect ears and skin of other animals such
as cats, parrots and horses [4]. Systemic and topical
antibiotics are currently used to treat superficial
and deep canine staphylococcal pyoderma, but long-
term treatments are required and most animals suf-

fer from recurrent infections [5]. Today, the devel-
opment of antibiotic resistance in the causative bac-
teria is an important problem in veterinary medicine
and public health, especially methicillin-resistant
S. pseudintermedius [6].

Biofilm formation of Staphylococcus spp. includ-
ing S. pseudintermedius is well known as a fac-
tor which increases the severity of diseases [7].
Biofilms are groups of bacteria which are enclosed
by the extracellular polymeric substances that help
bacteria to survive in inappropriate environments
longer than planktonic cells, which leads to decrease
in antibiotic susceptibility [8, 9]. Because of an
increasing problem of antibiotic resistance of the
biofilm forming S. pseudintermedius, it is necessary
to search for new agents that have anti-biofilm effect
to control the growth of this bacteria.

Essential oils contain various chemical con-
stituents such as monoterpenes, sesquiterpenes,
diterpenes and other aromatic or aliphatic com-
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pounds. Most EOs contain at least 1 active con-
stituent that has antimicrobial activity [10]. The
EOs of various plants have been used in traditional
medicine for a long period of time, and their antimi-
crobial and anti-inflammatory activities have been
confirmed. Many studies have reported that EOs
have antimicrobial activity against planktonic cells
of yeast, mold and bacteria [11, 12], but very few
studies have examined S. pseudintermedius biofilm.
Therefore, we studied the anti-planktonic and anti-
biofilm activities of EOs from 11 Thai herbs namely:
betel vine (Piper betle), citronella (Cymbopogon
nardus), clove (Syzygium aromaticum), galanga
(Alpinia galanga), ginger (Zingiber officinale), holy
basil (Ocimum tenuiflorum), kaffir lime (Citrus hys-
trix), lemongrass (Cymbopogon citrates), plai (Zin-
giber montanum), sweet basil (Ocimum basilicum)
and turmeric (Curcuma longa) against S. pseudin-
termedius isolated from dogs with superficial pyo-
derma.

MATERIALS AND METHODS

Essential oil preparation

EOs of betel vine, citronella, clove, galanga, ginger,
holy basil, kaffir lime, lemongrass, plai, sweet basil
and turmeric prepared by steam distillation were
purchased from Thai-China flavours and fragrances
industry Co., Ltd. Stock solutions of each EO were
prepared by dilution with polyoxyethylene (20) sor-
bitan monooleate (Tween-80, Ajax Finechem Pty
Ltd., Australia) in sterile distilled water.

Bacterial collection, identification and
preparation

Bacterial samples were collected from skin lesions of
dogs diagnosed as superficial pyoderma in the ani-
mal hospital of the Faculty of Veterinary Medicine,
Khon Kaen University, Thailand. The bacteria pro-
duced pin-point colonies that showed beta haemol-
ysis on blood agar and were gram positive and
arranged in grape-like clusters of cocci. Bacteria
that were catalase and coagulase positive, oxidase
and hyaluronidase negative and produced anaer-
obic acid from mannitol, sucrose and trehalose
were confirmed to be S. pseudintermedius by PCR-
restriction fragment length polymorphism (PCR-
RFLP) method, as described previously [13] with
modifications. Briefly, DNA was extracted by Bac-
terialXpress™ nucleic acid extraction kit (Chemi-
con, Germany). Then, 1 µl of DNA sample was
mixed with 12.5 µl of 2xGoTaq® Green master
mix (Promega, USA), 10.5 µl of nucleus free water

and 0.2 µM of each primer: pta_f1 (5′-AAA GAC
AAA CTT TCA GGTAA-3′) and pta_r1 (5′-GCA TAA
ACA AGC ATT GTA CCG-3′) (Bio Basic Canada
Inc., Canada). The mixture was placed into a
thermocycling machine (T100™ Thermocycler, Bio
Rad, USA), and the conditions were set as follows:
95 °C for 2 min, then 35 cycles of 95 °C for 1 min,
53 °C for 1 min and 72 °C for 1 min, and finally
72 °C for 7 min. PCR products were digested with
2.5 units of MboI restriction enzyme (Promega,
USA) for 4 h at 37 °C. The pre and post-digest PCR
products were run on agarose gel electrophoresis at
100 V for 35 min. Bands of DNA fragment were
detected using UV transilluminator (Gel Doc™ XR+,
Bio Rad, USA). The length of the DNA fragment of
the pre-digest PCR product of S. pseudintermedius
was 320 bp, and the post-digest PCR products were
213 and 107 bp. S. pseudintermedius isolates were
preserved in Mueller Hinton agar (MHA) (Becton
Dickinson, France) at 4 °C until use. The selected,
identified S. pseudintermedius isolates were subcul-
tured into Mueller Hinton broth (MHB) (Becton
Dickinson, France) and incubated at 37 °C for 24 h.
Before use, 106–107 CFU/ml bacterial concentra-
tions were prepared by measuring the optical den-
sity (OD) at 600 nm.

Determination of minimum planktonic
inhibitory concentration (MPIC) and minimum
planktonic bactericidal concentration (MPBC)
using the transferable solid phase (TSP)

The MPICs of 11 EOs were determined using the
TSP according to the protocols of Harrison et al [14]
and Sadekuzzaman et al [15] with modifications.
Briefly, bacterial suspension (106–107 CFU/ml) was
added to all tested wells of a 96-well flat-bottomed
microtiter plate (Thermo Scientific, USA). The TSP
lid with 96-pins (Thermo Scientific, USA) was in-
serted into the wells of the microtiter plate, and
they were incubated together for 24 h at 37 °C. The
TSP lid was then transferred to a challenge 96-well
flat-bottomed microtiter plate containing the serial
2-fold dilutions of the EOs in MHB. The challenge
plate and TSP lid were incubated together for 24 h
at 37 °C. The TSP lid was removed, and the OD595
of the wells in the challenge plate were measured
by microplate reader (EZ Read 400, Biochrom, UK).
The OD values of the challenge wells were adjusted
by subtracting with the OD of the negative growth
control well. The MPIC was defined as the lowest
concentration of EO that inhibited growth of bac-
teria in the challenge plate (OD less than 0.1). All
wells of the challenge plate that showed no growth
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Fig. 1 The agarose gel electrophoresis of pta PCR prod-
ucts. Lane 1, 100-bp DNA ladder; lanes 2–10, S. inter-
medius group isolate number 1–9, respectively.

were plated onto MHA, and the MPBC was deter-
mined from the lowest concentration of EO that
showed no growth of bacteria after incubation for
24 h at 37 °C. All tests were performed in triplicate.

Determination of minimum biofilm eradication
concentration (MBEC) by MBEC assay using the
TSP

The MBECs of 11 EOs were determined by MBEC
assay according to the process described above
[14, 15]. Briefly, the TSP lids with biofilms on the
pegs were removed from the EO challenge plate and
submerged into sterile distilled water for 1 min, then
submerged into 150 µl/well of recovery medium
(MHB) in a flat-bottomed 96-well microtiter plate.
The plate and TSP lid were sonicated for 5 min, then
the TSP lid was removed. The recovery plate was
incubated for 24 h at 37 °C. The OD595 of the wells
in the recovery plate were measured and adjusted
for the OD value in the negative growth control
well. The MBEC was defined as the lowest concen-
tration of EO that inhibited growth of bacteria in
the recovery plate (OD less than 0.1). All tests were
performed in triplicate.

RESULTS AND DISCUSSION

Planktonic inhibitory and bactericidal activity

The total of 9 isolates of S. pseudintermedius was
identified by PCR-RFLP method. The pre-digest PCR
product was 320 bp (Fig. 1), and MboI digested
products were 213 and 107 bp (Fig. 2). The effec-
tiveness of 11 kinds of EO against the planktonic
cells of S. pseudintermedius isolates is shown in
Table 1. Lemongrass EO had the highest inhibitory
activity (MPIC = 0.02% v/v) against all tested bac-
terial isolates. Betel vine and citronella EOs had
the same value for both MPIC and MPBC (0.039%
v/v), twice that of lemongrass. The MPIC and MPBC
values of clove and sweet basil EOs were 4 and

Fig. 2 The agarose gel electrophoresis of MboI restriction
digested of pta PCR products. Lane 1, 100-bp DNA
ladder; lanes 2–10, S. pseudintermedius isolate number
1–9, respectively.

Table 1 MPIC, MPBC and MBEC for planktonic and
biofilm forms of S. pseudintermedius isolates (n= 9).

Essential oil
MPIC MPBC MBEC

(% v/v) (% v/v) (% v/v)

Betel vine 0.039 0.039 0.156
Citronella 0.039 0.039 0.156
Clove 0.078 0.078 0.156
Galanga >2.500 >2.500 >2.500
Ginger 1.250 2.500 2.500
Holy basil 2.500 >2.500 >2.500
Kaffir lime 1.250 2.500 >2.500
Lemongrass 0.020 0.039 0.078
Plai 1.250 2.500 >2.500
Sweet basil 0.625 0.625 1.250
Turmeric 2.500 2.500 >2.500

Values represent the MPICs, MPBCs and MBECs col-
lected from triplicate experiments.

32 times higher than lemongrass (0.078 and 0.625%
v/v), respectively. The MPICs of ginger, kaffir lime
and plai EOs were 64 times higher than lemon-
grass (1.25% v/v). Holy basil and turmeric EOs
were found to have less activity against the tested
organisms with the MPICs 128 times higher than
lemongrass (2.5% v/v), and galangal EO had the
least inhibitory activity (MPIC> 2.5% v/v). No pre-
vious research has investigated the activity of these
EOs against S. pseudintermedius, but some reports
have shown antibacterial effects against other gram-
positive bacteria. Aiemsaard et al [16] found that
lemongrass had the highest inhibitory effect against
Staphylococcus aureus and Streptococcus agalactiae
isolated from cow milk with mastitis when com-
pared to EOs of kaffir lime, holy basil, citronella, be-
tel vine, sweet basil and turmeric. The lemongrass
had an MIC value of 0.054% v/v, 4–32 times lower
than other EOs. The report of Chamdit et al [17]
showed that EOs of lemongrass and clove were
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highly effective in inhibiting planktonic S. aureus
with MICs of 0.125–0.5 and 2–5% v/v, respectively.
These findings are in accordance with our studies.

The different antibacterial effects of each EO
depend on its chemical constituents [18]. EOs
are hydrophobic, which enables them to destroy
the lipid-containing membranes of bacterial cells
such as cell membranes and mitochondrial mem-
branes [19]. The major constituents of lemongrass
are E-citral (geranial, 40–45%) and Z-citral (neral,
24–33%) [20–22]. In addition, citral is the main
component of many other EOs; citronella contains
35.7% E-citral, 22.7% trans-citral and 14.2% cis-
citral [23] and sweet basil contains 18.6% E-citral
and 15.1% Z-citral [24]. Citral acts by reduc-
ing the concentration of the intracellular energy-
carrying molecule-adenosine triphosphate (ATP),
reducing the intracellular pH and inducing cell
membrane hyperpolarization, resulting in bacte-
rial cell membranes and cell structures losing their
function [20, 25]. Citronellal, which is the main
component of citronella EO (4.6–31%) [20, 23],
and kaffir lime EO (15.66%) [26] and geraniol,
which is the main component of citronella EO
(19.5–35.7%) [20, 23], have the effect of breaking
down and agglutinating bacterial cells and destroy-
ing the cell membrane to cause loss of structure or
function [27]. Eugenol, which is the main compo-
nent of EOs of betel vine (4.97–28%) [20, 28], clove
(87%) [29] and sweet basil (25.3–51.5%) [30], and
terpineol, which is the main component of galanga
EO (8.95%) [31] and plai EO (21.85–29.96%)
[20, 32], have similar effects to citronellal and
geraniol [27].

Biofilm eradication activity

The minimal bactericidal eradication concentrations
(MBECs) of 11 EOs against biofilms of S. pseudinter-
medius isolates are shown in Table 1. All tested EOs
showed a higher concentration of EO was required
against bacteria in biofilm than against planktonic
cells. Among the tested EOs, lemongrass possesed
the highest biofilm eradication effect; the MBEC
(0.078% v/v) was 4 times higher than MPIC. The
EOs of betel vine and citronella had the second
most inhibitory effect; the MBEC (0.156% v/v)
was 4 times higher than MPIC. The MBEC of clove
EO (0.156% v/v) was 2 times higher than MPIC,
which was the same as MBEC of sweet basil and
ginger (1.25 and 2.5% v/v, respectively). For the
galanga, holy basil, kaffir lime, plai and turmeric
EOs, the MBECs were over the maximum tested con-
centration (> 2.5% v/v). The results of this study

correspond to several studies, which have reported
that the concentration of antimicrobial agents re-
quired to inhibit biofilms is 2–1000 times more
than that required to inhibit planktonic cells [33].
Song et al [34] reported that biofilms of S. pseud-
intermedius isolated from dogs showed decreased
susceptibility to manuka EO (Leptospermum scopar-
ium). Manuka EO concentrations of 7.8–800 times
the MIC (0.1% w/v) inhibited formation of biofilms
by 76.2%. The study of Ferran et al [35] showed the
inhibitory effect of antibiotics such as marbofloxacin
(0.00005% w/v), clindamycin (0.001% w/v), doxy-
cycline (0.001% w/v), amoxicillin (0.002% w/v)
and cefalexin (0.005% w/v) against S. pseudinter-
medius biofilms was 1.2–1.4 times lower than that
against planktonic cells.

The effect of these 11 tested EOs on the for-
mation of S. pseudintermedius biofilms has not been
reported. However, the anti-biofilm activity of
some of these EOs against other animal pathogens
has been studied. Chamdit et al [17] found that
the concentration of clove and lemongrass EOs re-
quired to eradicate S. aureus biofilms was 2–4 times
more than that for the planktonic cells. Aiem-
saard et al [20] studied the ability of lemongrass
EO and its chemical constituents to inhibit biofilm
formation by S. aureus isolated from cow milk with
mastitis. They found that a sub-concentration of
the lemongrass EO MIC (0.025% v/v) could in-
hibit biofilm formation by 44.9–83.4% while cit-
ral concentration of 2.5–5 times MIC and geraniol
concentration of 5 times MIC could inhibit biofilm
formation by 37.6–77.2%.

Moreover, Taweechaisupapong et al [36] stud-
ied the ability of lemongrass and citral EOs to inhibit
biofilm formation by Candida albicans and C. krusei.
The results showed that lemongrass concentration
of 4–8 times MIC (0.2–0.4% v/v) inhibited biofilm
formation of both tested yeasts by more than 80%
while citral concentration of 0.5 times MIC (0.025%
v/v) inhibited biofilm formation by 61–90%. Many
of the major constituents of EOs can interfere with
the biofilm formation process and eradicate bacte-
rial cells in the biofilms. Eugenol, carvone, carveol,
thymol and cavacrol have been shown to prevent ad-
hesion of bacterial cells to material surfaces and also
to destroy bacterial cells and adhesion between bac-
terial cells, resulting in a decrease in the biomass of
biofilms [37, 38]. In the process of bacterial biofilm
formation, various genes are expressed, which are
important for the formation of biofilms and related
to antimicrobial resistance, resulting in bacterial
biofilms being more resistant to various antimicro-
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bial substances than planktonic cells [39]. Eugenol
acts to inhibit the expression of the intercellular
adhesion gene (icaD), Staphylococcus enterotoxin A
gene (seA) and staphylococcal accessory regulator
A gene (sarA), which are important in biofilm for-
mation by staphylococcal bacteria [40].

In conclusion, the in vitro anti-biofilm activity of
lemongrass EO against clinical S. pseudintermedius
isolates shows the potential of lemongrass EO as
a therapeutic antimicrobial agent for controlling
superficial pyoderma in dogs. Further study is
required to develop a suitable formulation and to
determine the in vivo efficacy in experimental ani-
mals.

Acknowledgements: This work was supported by the
Faculty of Veterinary Medicine, Khon Kaen University. The
authors thank Dr. Glenn Borlace, Faculty of Pharmaceuti-
cal Sciences, Khon Kaen University for English language
assistance.

REFERENCES

1. Khurana R, Kumar T, Agnihotri D, Sindhu N (2016)
Dermatological disorers in canines: A detailed epi-
demiological study. Haryana Vet 55, 97–99.

2. Hnilica KA, May E (2004) Staphylococcal pyoderma:
An emerging problem. Compend Contin Educ Vet 26,
560–568.

3. Bannoehr J, Guardabassi L (2012) Staphylococcus
pseudintermedius in the dog: taxonomy, diagnostics,
ecology, epidemiology and pathogenicity. Vet Derma-
tol 23, 253–e52.

4. Devriese LA, Vancanneyt M, Baele M, Vaneechoutte
M, De Graef E, Snauwaert C, Cleenwerck I, Dawyndt
P, et al (2005) Staphylococcus pseudintermedius sp.
nov., a coagulase-positive species from animals. Int
J Syst Evol Microbiol 55, 1569–1573.

5. Bajwa J (2016) Canine superficial pyoderma and
therapeutic considerations. Can Vet J 57, 204–206.

6. Gagetti P, Wattam AR, Giacoboni G, De Paulis A,
Bertona E, Corso A, Rosato AE (2019) Identification
and molecular epidemiology of methicillin resistant
Staphylococcus pseudintermedius strains isolated from
canine clinical samples in Argentina. BMC Vet Res 15,
ID 264.

7. Arima S, Ochi H, Mitsuhashi M, Kibe R, Takahashi
K, Kataoka Y (2018) Staphylococcus pseudintermedius
biofilms secrete factors that induce inflammatory
reactions in vitro. Lett Appl Microbiol 67, 214–219.

8. Osland AM, Vestby LK, Fanuelsen H, Slettemeas
JS, Sunde M (2012) Clonal diversity and biofilm-
forming ability of methicillin-resistant Staphylococ-
cus pseudintermedius. J Antimicrob Chemother 67,
841–848.

9. Singh A, Walker M, Rousseau J, Weese JS (2013)

Characterization of the biofilm forming ability of
Staphylococcus pseudintermedius from dogs. BMC Vet
Res 9, ID 93.

10. Dhifi W, Bellili S, Jazi S, Bahloul N, Mnif W (2016)
Essential oils’ chemical characterization and investi-
gation of some biological activities: a critical review.
Medicines (Basel) 3, ID 25.

11. Valdivieso-Ugarte M, Gomez-Llorente C, Plaza-Díaz
J, Gil A (2019) Antimicrobial, antioxidant, and im-
munomodulatory properties of essential oils: A sys-
tematic review. Nutrients 11, ID 2786.

12. Winska K, Maczka W, Lyczko J, Grabarczyk M,
Czubaszek A, Szumny A (2019) Essential oils
as antimicrobial agents-myth or real alternative?
Molecules 24, ID 2130.

13. Bannoehr J, Ben Zakour NL, Waller AS, Guardabassi
L, Thoday KL, van den Broek AH, Fitzgerald JR
(2007) Population genetic structure of the Staphy-
lococcus intermedius group: Insights into agr diver-
sification and the emergence of methicillin-resistant
strains. J Bacteriol 189, 8685–8692.

14. Harrison JJ, Stremick CA, Turner RJ, Allan ND, Olson
ME, Ceri HC (2010) Microtiter susceptibility testing
of microbes growing on peg lids: a miniaturized
biofilm model for high-throughput screening. Nat
Protoc 5, 1236–1254.

15. Sadekuzzaman M, Mizan MFR, Kim H, Yang S, Ha S
(2018) Activity of thyme and tea tree essential oils
against selected foodborne pathogens in biofilms on
abiotic surfaces. LWT-Food Sci Technol 89, 134–139.

16. Aiemsaard J, Aiumlamai S, Taweechaisupapong S,
Aromdee C, Khunkitti W (2010) Chemical composi-
tion, antioxidant activity and antibacterial action of
eight essential oils against clinical isolates of mastitis
pathogens. Int J Essen Oil Ther 4, 37–43.

17. Chamdit S, Siripermpool P (2012) Antimicrobial ef-
fect of clove and lemongrass oils against planktonic
cells and biofilms of Staphylococcus aureus. Pharm Sci
Asia 39, 28–36.

18. Bakkali F, Averbeck S, Averbeck D, Idaomar M (2008)
Biological effects of essential oils: A review. Food
Chem Toxicol 46, 446–475.

19. Devi KP, Nisha SA, Sakthivel R, Pandian SK (2010)
Eugenol (an essential oil of clove) acts as an an-
tibacterial agent against Salmonella Typhi by disrupt-
ing the cellular membrane. J Ethnopharmacol 130,
107–115.

20. Aiemsaard J, Aiumlamai S, Aromdee C, Taweechaisu-
papong S, Khunkitti W (2011) The effect of lemon-
grass oil and its major components on clinical isolate
mastitis pathogens and their mechanisms of action
on Staphylococcus aureus DMST 4745. Res Vet Sci 91,
31–37.

21. Boukhatem MN, Ferhat MA, Kameli A, Saidi F, Kebir
HT (2014) Lemongrass (Cymbopogon citratus) essen-
tial oil as a potent anti-inflammatory and antifungal
drugs. Libyan J Med 9, ID 25431.

www.scienceasia.org

http://www.scienceasia.org/
http://dx.doi.org/10.1111/j.1365-3164.2012.01046.x
http://dx.doi.org/10.1111/j.1365-3164.2012.01046.x
http://dx.doi.org/10.1111/j.1365-3164.2012.01046.x
http://dx.doi.org/10.1111/j.1365-3164.2012.01046.x
http://dx.doi.org/10.1099/ijs.0.63413-0
http://dx.doi.org/10.1099/ijs.0.63413-0
http://dx.doi.org/10.1099/ijs.0.63413-0
http://dx.doi.org/10.1099/ijs.0.63413-0
http://dx.doi.org/10.1099/ijs.0.63413-0
http://dx.doi.org/10.1186/s12917-019-1990-x
http://dx.doi.org/10.1186/s12917-019-1990-x
http://dx.doi.org/10.1186/s12917-019-1990-x
http://dx.doi.org/10.1186/s12917-019-1990-x
http://dx.doi.org/10.1186/s12917-019-1990-x
http://dx.doi.org/10.1186/s12917-019-1990-x
http://dx.doi.org/10.1111/lam.13018
http://dx.doi.org/10.1111/lam.13018
http://dx.doi.org/10.1111/lam.13018
http://dx.doi.org/10.1111/lam.13018
http://dx.doi.org/10.1093/jac/dkr576
http://dx.doi.org/10.1093/jac/dkr576
http://dx.doi.org/10.1093/jac/dkr576
http://dx.doi.org/10.1093/jac/dkr576
http://dx.doi.org/10.1093/jac/dkr576
http://dx.doi.org/10.1186/1746-6148-9-93
http://dx.doi.org/10.1186/1746-6148-9-93
http://dx.doi.org/10.1186/1746-6148-9-93
http://dx.doi.org/10.1186/1746-6148-9-93
http://dx.doi.org/10.3390/medicines3040025
http://dx.doi.org/10.3390/medicines3040025
http://dx.doi.org/10.3390/medicines3040025
http://dx.doi.org/10.3390/medicines3040025
http://dx.doi.org/10.3390/nu11112786
http://dx.doi.org/10.3390/nu11112786
http://dx.doi.org/10.3390/nu11112786
http://dx.doi.org/10.3390/nu11112786
http://dx.doi.org/10.3390/molecules24112130
http://dx.doi.org/10.3390/molecules24112130
http://dx.doi.org/10.3390/molecules24112130
http://dx.doi.org/10.3390/molecules24112130
http://dx.doi.org/10.1128/JB.01150-07
http://dx.doi.org/10.1128/JB.01150-07
http://dx.doi.org/10.1128/JB.01150-07
http://dx.doi.org/10.1128/JB.01150-07
http://dx.doi.org/10.1128/JB.01150-07
http://dx.doi.org/10.1128/JB.01150-07
http://dx.doi.org/10.1038/nprot.2010.71
http://dx.doi.org/10.1038/nprot.2010.71
http://dx.doi.org/10.1038/nprot.2010.71
http://dx.doi.org/10.1038/nprot.2010.71
http://dx.doi.org/10.1038/nprot.2010.71
http://dx.doi.org/10.1016/j.lwt.2017.10.042
http://dx.doi.org/10.1016/j.lwt.2017.10.042
http://dx.doi.org/10.1016/j.lwt.2017.10.042
http://dx.doi.org/10.1016/j.lwt.2017.10.042
http://dx.doi.org/10.1016/j.fct.2007.09.106
http://dx.doi.org/10.1016/j.fct.2007.09.106
http://dx.doi.org/10.1016/j.fct.2007.09.106
http://dx.doi.org/10.1016/j.jep.2010.04.025
http://dx.doi.org/10.1016/j.jep.2010.04.025
http://dx.doi.org/10.1016/j.jep.2010.04.025
http://dx.doi.org/10.1016/j.jep.2010.04.025
http://dx.doi.org/10.1016/j.jep.2010.04.025
http://dx.doi.org/10.1016/j.rvsc.2011.01.012
http://dx.doi.org/10.1016/j.rvsc.2011.01.012
http://dx.doi.org/10.1016/j.rvsc.2011.01.012
http://dx.doi.org/10.1016/j.rvsc.2011.01.012
http://dx.doi.org/10.1016/j.rvsc.2011.01.012
http://dx.doi.org/10.1016/j.rvsc.2011.01.012
http://dx.doi.org/10.3402/ljm.v9.25431
http://dx.doi.org/10.3402/ljm.v9.25431
http://dx.doi.org/10.3402/ljm.v9.25431
http://dx.doi.org/10.3402/ljm.v9.25431
www.scienceasia.org


ScienceAsia 46 (2020) 519

22. Hartatie ES, Prihartini I, Widodo W, Wahyudi A
(2019) Bioactive compounds of Lemongrass (Cymbo-
pogon citratus) essential oil from different parts of the
plant and distillation methods as natural antioxidant
in broiler meat. Mater Sci Eng 532, ID 012018.

23. Nakahara K, Alzoreky NS, Yoshihashi T, Nguyen
HTT, Trakoontivakorn G (2013) Chemical compo-
sition and antifungal activity of essential oil from
Cymbopogon nardus (Citronella grass). Japan Agric
Res Quar 37, 249–252.

24. Tangpao T, Chung H, Sommano SR (2018) Aromatic
profiles of essential oils from five commonly used
Thai basils. Foods 7, ID 175.

25. Shi C, Song K, Zhang X, Sun Y, Sui Y, Chen Y, Jia Z,
Sun H, et al (2016) Antimicrobial activity and possi-
ble mechanism of action of citral against Cronobacter
sakazakii. PLoS One 11, ID e0159006.

26. Chanthaphon S, Chanthachum S, Hongpattarakere
T (2008) Antimicrobial activities of essential oils
and crude extracts from tropical Citrus spp. against
food-related microorganisms. Songklanakarin J Sci
Technol 30, 125–131.

27. Guimaraes AC, Meireles LM, Lemos MF, Guimaraes
MCC, Endringer DC, Fronza M, Scherer R (2019) An-
tibacterial activity of terpenes and terpenoids present
in essential oils. Molecules 24, ID 2471.

28. Syahidah A, Saad CR, Hassan MD, Rukayadi Y, No-
razian MH, Kamarudin MS (2017) Phytochemical
analysis, identification and quantification of antibac-
terial active compounds in Betel leaves, Piper betle.
Pak J Biol Sci 20, 70–81.

29. Alma MH, Ertas M, Nitz S, Kollmannsberger H
(2007) Chemical composition and content of es-
sential oil from the bud of cultivated Turkish clove
(Syzygium aromaticum L.). Bio Resources 2, 265–269.

30. Sims CA, Juliani HR, Mentreddy SR, Simon JE
(2013) Essential oils in Holy basil (Ocimum tenuiflo-
rum L.) as influenced by planting dates and harvest
times in North Alabama. J Med Act Plants 2, 33–41.

31. Wu Y, Wang Y, Li Z, Wang C, Wei J, Li X, Wang
P, Zhou Z (2014) Composition of the essential oil

from Alpinia galangal rhizomes and its bioactivity on
Lasioderma serricorne. Bull Insectology 67, 247–254.

32. Sukatta U, Rugthaworn P, Punjee P, Chidchenchey S,
Keeratinijakal V (2009) Chemical composition and
physical properties of oil from plai (Zingiber cassumu-
nar Roxb.) obtained by hydro distillation and hexane
extraction. Kasetsart J (Nat Sci) 43, 212–217.

33. Mah TC, O’Toole GA (2001) Mechanisms of biofilm
resistance to antimicrobial agents. Trends Microbiol
9, 34–39.

34. Song C, Nam E, Park S, Hwang C (2013) In vitro
efficacy of the essential oil from Leptospermum sco-
parium (manuka) on antimicrobial susceptibility and
biofilm formation in Staphylococcus pseudintermedius
isolates from dogs. Vet Dermatol 24, 404–e87.

35. Ferran AA, Liu J, Toutain P, Bousquet-Mélou A (2016)
Comparison of the In vitro activity of five antimicro-
bial drugs against Staphylococcus pseudintermedius
and Staphylococcus aureus Biofilms. Front Microbiol
7, ID 1187.

36. Taweechaisupapong S, Aieamsaard J, Chitropas P,
Khunkitti W (2012) Inhibitory effect of lemongrass
oil and its major constituents on Candida biofilm and
germ tube formation. S Afr J Bot 81, 95–102.

37. El abed S, Houari A, Latrache H, Remmal A, Ko-
raichi SI (2011) In vitro activity of four common
essential oil components against biofilm-producing
Pseudomonas aeruginosa. Res J Microbiol 6, 394–401.

38. Oh SY, Yun W, Lee JH, Lee CH, Kwak WK, Cho JH
(2017) Effects of essential oil (blended and single es-
sential oils) on anti-biofilm formation of Salmonella
and Escherichia coli. J Anim Sci Technol 59, ID 4.

39. Neopane P, Nepal HP, Shrestha R, Uehara O, Abiko Y
(2018) In vitro biofilm formation by Staphylococcus
aureus isolated from wounds of hospital-admitted
patients and their association with antimicrobial re-
sistance. Int J Gen Med 11, 25–32.

40. Yadav MK, Chae S, Im G, Chung J, Song J (2015)
Eugenol: A phyto-compound effective against
methicillin-resistant and methicillin sensitive Staphy-
lococcus aureus clinical strain biofilms. PLoS One 10,
ID e0119564.

www.scienceasia.org

http://www.scienceasia.org/
http://dx.doi.org/10.1088/1757-899X/532/1/012018
http://dx.doi.org/10.1088/1757-899X/532/1/012018
http://dx.doi.org/10.1088/1757-899X/532/1/012018
http://dx.doi.org/10.1088/1757-899X/532/1/012018
http://dx.doi.org/10.1088/1757-899X/532/1/012018
http://dx.doi.org/10.6090/jarq.37.249
http://dx.doi.org/10.6090/jarq.37.249
http://dx.doi.org/10.6090/jarq.37.249
http://dx.doi.org/10.6090/jarq.37.249
http://dx.doi.org/10.6090/jarq.37.249
http://dx.doi.org/10.3390/foods7110175
http://dx.doi.org/10.3390/foods7110175
http://dx.doi.org/10.3390/foods7110175
http://dx.doi.org/10.1371/journal.pone.0159006
http://dx.doi.org/10.1371/journal.pone.0159006
http://dx.doi.org/10.1371/journal.pone.0159006
http://dx.doi.org/10.1371/journal.pone.0159006
http://dx.doi.org/10.3390/molecules24132471
http://dx.doi.org/10.3390/molecules24132471
http://dx.doi.org/10.3390/molecules24132471
http://dx.doi.org/10.3390/molecules24132471
http://dx.doi.org/10.3923/pjbs.2017.70.81
http://dx.doi.org/10.3923/pjbs.2017.70.81
http://dx.doi.org/10.3923/pjbs.2017.70.81
http://dx.doi.org/10.3923/pjbs.2017.70.81
http://dx.doi.org/10.3923/pjbs.2017.70.81
http://dx.doi.org/10.7275/R5P26W1X
http://dx.doi.org/10.7275/R5P26W1X
http://dx.doi.org/10.7275/R5P26W1X
http://dx.doi.org/10.7275/R5P26W1X
http://dx.doi.org/10.1016/S0966-842X(00)01913-2
http://dx.doi.org/10.1016/S0966-842X(00)01913-2
http://dx.doi.org/10.1016/S0966-842X(00)01913-2
http://dx.doi.org/10.1111/vde.12045
http://dx.doi.org/10.1111/vde.12045
http://dx.doi.org/10.1111/vde.12045
http://dx.doi.org/10.1111/vde.12045
http://dx.doi.org/10.1111/vde.12045
http://dx.doi.org/10.3389/fmicb.2016.01187
http://dx.doi.org/10.3389/fmicb.2016.01187
http://dx.doi.org/10.3389/fmicb.2016.01187
http://dx.doi.org/10.3389/fmicb.2016.01187
http://dx.doi.org/10.3389/fmicb.2016.01187
http://dx.doi.org/10.1016/j.sajb.2012.06.003
http://dx.doi.org/10.1016/j.sajb.2012.06.003
http://dx.doi.org/10.1016/j.sajb.2012.06.003
http://dx.doi.org/10.1016/j.sajb.2012.06.003
http://dx.doi.org/10.3923/jm.2011.394.401
http://dx.doi.org/10.3923/jm.2011.394.401
http://dx.doi.org/10.3923/jm.2011.394.401
http://dx.doi.org/10.3923/jm.2011.394.401
http://dx.doi.org/10.1186/s40781-017-0127-7
http://dx.doi.org/10.1186/s40781-017-0127-7
http://dx.doi.org/10.1186/s40781-017-0127-7
http://dx.doi.org/10.1186/s40781-017-0127-7
http://dx.doi.org/10.2147/IJGM.S153268
http://dx.doi.org/10.2147/IJGM.S153268
http://dx.doi.org/10.2147/IJGM.S153268
http://dx.doi.org/10.2147/IJGM.S153268
http://dx.doi.org/10.2147/IJGM.S153268
http://dx.doi.org/10.1371/journal.pone.0119564
http://dx.doi.org/10.1371/journal.pone.0119564
http://dx.doi.org/10.1371/journal.pone.0119564
http://dx.doi.org/10.1371/journal.pone.0119564
http://dx.doi.org/10.1371/journal.pone.0119564
www.scienceasia.org

