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ABSTRACT

Antibacterial activity of cinnamon (Cinnamomum zeylanicum) essential oil (CEO) and cinnamaldehyde was tested against
seven Gram negative and nine Gram positive fish pathogenic bacteria isolated from cultured olive flounder (Paralichthys
olivaceus) in Korea. Disk diffusion assay, MIC (minimum inhibitory concentration) and MBC (minimum bactericidal
concentration) tests were done. Cinnamon and cinnamaldehyde inhibited the growth of both Gram negative and Gram
positive bacteria. Cinnamaldehyde showed lower MIC values than CEO which ranged from 0.001 to 0.015% (V/V). CEO
(MBC/MIC 2-4) was bactericidal for all tested strains while cinnamaldehyde was bactericidal for all except 6 strains. For
all fish pathogenic bacteria, the inhibition zone diameter (IZD) increased in proportion to the oil concentration and the
maximum effect was found at 100% (V/V) concentration of CEO and cinnamaldehyde. The antibiogram pattern indicated
that all the bacterial strains excluding three strains of Streptococcus iniae (S186, S530 and S131) showed resistance to one or
more antibiotics. Higher percentages of relative inhibition zone diameter (RIZD %) were exhibited at higher concentrations
of CEO and cinnamaldehyde. Since antibacterial activities of CEO and cinnamaldehyde were considerably effective against

fish pathogenic bacteria, these could be used as alternatives to treat bacterial infections in aquaculture.
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Introduction

In aquaculture industry, diseases of microbial
origin are responsible for elevated mortality rates and
decreased fish production with consequent economic
losses worldwide. The crucial bacterial diseases of marine
fish in Korea are Edwardsiellosis caused by Edwardsiella
tarda; streptococcosis caused by Streptococcus iniae,
S. parauberis and Lactococcus garvieae; and vibriosis
caused by Vibrio harveyi, V. ichthyoenteri and
Photobacterium damselae, which have recently increased
in cultured fish populations (Jee et al., 2014; Kim ef al.,
2015). They have been identified as the etiological agents
responsible for the most common disease outbreaks of
olive flounder (Paralichthys olivaceus) farms in Korea
(Nho et al., 2009).

Antibiotics are widely used to control bacterial
infections in fish. However, misuse of antibiotics leads
to drug resistance and thereby to their reduced efficacy
(Wei and Wee, 2013). Therefore, it is essential to develop
alternative drugs using natural substances. Natural
products especially from plants have been investigated

for their therapeutic and prophylactic effects on several
fish diseases (Pongsak and Parichat, 2009; Turker and
Yildirim, 2015; Valladao et al., 2015). Essential oils (EOs)
are one kind of plant secondary metabolites which have
been well known for their aromatic flavour as well as
bactericidal, preservative and medicinal properties (Burt,
2004).

Cinnamon (Cinnamomum zeylanicum) is one of the
most influential antimicrobial medicinal herbs belonging
to Lauraceae family (Prabuseenivasan et al., 2000). It is a
tropical evergreen tree which originated from Sri Lanka
and being cultivated in Sri Lanka, Madagascar and India.
Cinnamon essential oil (CEO) has been applied in food,
seasonings, cosmetics and medical industries because of'its
aromatic, antimicrobial, antioxidant and anti-carcinogenic
activities (Yuce et al., 2012; Zouheyr et al., 2014; Raeisi
et al, 2015). Cinnamaldehyde is the major component
of CEO and it has at least three mechanisms of action
against bacteria depending on the concentrations. At low
concentrations, it inhibits enzymes involved in cytokine
interactions and other less important cell functions, and
it acts as an ATPase inhibitor at high concentrations. At
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the lethal concentration, cinnamaldehyde perturbs the cell
membrane (Nazzaro et al., 2013).

Fish diets supplemented with CEO reduced mortality
rate of tilapia (Oreochromis niloticus) experimentally
infected with S. iniae and had no adverse effects on
fish (Rattanachaikunsopon and Phumkhachorn, 2010).
Antibacterial effect of cinnamon bark extract was reported
against fish pathogenic bacteria (S. iniae, E. tarda and
Listonella anguillarum) in Korea (Mok et al, 2001).
However, no study has been conducted to investigate
the antimicrobial properties of CEO and its major
components against fish pathogenic bacteria of olive
flounders. Therefore, this study was carried out to examine
the potential of CEO as well as its main component
cinnamaldehyde, which could be utilised in aquaculture
as alternatives to commercial antibiotics.

Materials and methods
Isolation of bacteria

Seven Gram negative and nine Gram positive
bacterial strains isolated from Korean cultured olive
flounder were used. The Gram negative strains were
E. tarda (ED47, ED45, Yoshida and FP5060), P. damselae
(FP4101), V. harveyi (FP 8370), V. ichthyoenteri (FP 4004)
and the Gram positive strains were L. garvieae (FP5245),
S. iniae (S131, S186, S530 and FP3287) and S. parauberis
(S124, S527, S1466 and FP5228). They were obtained
from Geyongsang National University, Jinju, Korea and
National Institute of Fisheries Science, Busan, Korea.

Essential oil

Cinnamon essential oil (CEO, Aromarant Co. Ltd.,
Rottingen, Germany) purified (100%) from the bark of
C. zeylanicum grown in Madagascar and the commercial
trans-cinnamaldehyde (>99%) (Sigma-Aldrich, St. Louis,
MO, USA) were purchased.

Disk diffusion assay

Antibacterial activity of CEO and cinnamaldehyde
was evaluated by disk diffusion assay. Sterile paper disks
(Advantec Toyo Kaisha Ltd., Japan) were saturated with
20 gl of CEO and cinnamaldehyde at concentrations
of 1, 5, 10, 25, 50 and 100% (V/V) and each disk was
placed on Mueller Hinton agar (MB Cell, LA, CA) plate
smeared with the test strain. Plates were incubated for 24 h
at 27°C (Hammer et al., 1999). Antibacterial activity was
determined by measuring the inhibition zone diameter
(IZD) (mm) against each test strain and expressed as the
percentage of relative inhibition zone diameter (RIZD %)
calculated according to a previous study using amoxicillin
as a standard antibiotic (Njau et al., 2014).
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Determination of the minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC)

Determination of MIC was done using broth micro
dilution method with some modifications where 5%
DMSO was used to dissolve CEO and cinnamaldehyde.
MIC was measured after 24 h incubation and each test
was conducted in triplicates. In order to evaluate the
bactericidal/bacteriostatic effects of these oils, the cultured
medium from wells which have no visible bacterial
growth was smeared on separate tryptic soy agar (TSA)
(MB Cell, LA, CA) plates and incubated for 24 h at 27°C.
The concentration, at which no growth was observed on
TSA plate, was determined as MBC.

Determination of antibiotic sensitivity pattern of the
bacterial strains

The antibiogram of the test strains was studied
by disk diffusion method using fourteen antibiotics
and their multiple antibiotic resistant index (MRI %)
were determined (Magiorakos et al, 2012) in order to
compare the antibacterial activity of the oils with standard
antibacterial drugs. Resistance profiles were assigned
using criteria described by Clinical and Laboratory
Standards Institute (CLSI) (CLSI, 2014). The MRI % was
determined following the method described by Das and
Rath (2012). Each test was repeated three times.

Statistical analysis

Comparison between MIC values and 1ZDs of CEO
and cinnamaldehyde was done using SPSS analysis tool
(SPSS Inc., USA). Differences were considered significant
at p<0.05.

Results and discussion

The main compounds of CEO belong to two
chemical classes: polyphenols and volatile phenols.
Among polyphenols, CEO contains mainly vanillic,
caffeic, p-Coumaric, safrol and ferulic acid (Muchuweti
etal., 2007). Cinnamaldehyde is the most reported volatile
substance in CEO, with a content ranging from 50 to 90%
(Gupta et al., 2008; Wong et al., 2014; Kaskatepe et al.,
2016 ). CEO used in the present study comprised 54.35%
of cinnamaldehyde together with eugenol (16.59%), beta-
Caryophyllene (6.93%) and linalool (6.37%) (Table 1).

According to the disk diffusion test result, CEO
inhibited the growth of all test bacteria at all concentrations
except 1 and 5% (V/V) (Table 2). Cinnamaldehyde
also inhibited growth of all test bacteria at all tested
concentrations except at 1% (V/V). In every tested fish
pathogenic bacteria, the IZD increased in proportion to the
concentration and the maximum effect was found at 100%
(V/V) concentration of CEO and cinnamaldehyde. In
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Table 1. Composition of CEO used in this study comparison, cinnamaldehyde showed higher IZD values
Compound name Composition (%)* than CEO. The 1ZDs of Gram negative bacteria ranged
Cinnamaldehyde 5435 from 19 to 30 mm and the IZDs of Gram positive bacteria
Eugenol 16.59 ranged from 16 to 32 mm at 100% (V/V) of CEO. The
B-Caryophyllene 6.93 IZD of Gram negative bacteria ranged from 28 to 46 mm
Linalool 6.37 at 100% (V/V) of cinnamaldehyde while the IZD of
Cinnamylacetate 6.30 Gram positive bacteria ranged from 22 to 30 mm (Table
1,8 Cineol+beta-Phellandren 2.26 2). In previous studies, CEO inhibited the growth of
Benzylbenzoate 2.16 Bacillus cereus, Staphylococcus aureus and Pseudomonas
a-Humulen 0.48 aeruginosa with low IZD values than observed in the
Eugenylacetate 0.47 present study (Gupta et al, 2008). Cinnamaldehyde
Safrol 0.42 inhibited the growth of Gram positive bacteria (B. cereus,
a-Phellandren 0.40 Enterococcus faecalis. Listeria monocytogenes and S.
a-Copaen 0.38 aureus) and Gram negative bacteria (P. aeruginosa,
Pracymene 0.35 Escherichia coli and Salmonella enteritidis) and the 1ZDs
Caryophyllenomde 0.19 ranged from 23 to 30 mm and 12 to 23 mm, respectively
a-.Pmene 0.16 (Sanla-Ead et al, 2011). The mode of action of
Limonene 0.15 .. . . .

o-Terpinol 0.12 antlmlcr(?blgl dmgs depends on the type of mlcroorgan'lsrn
cis-Cinnamaldehyde 0.10 and studies indicated that essential oils (Eos) are mainly
Zimtalcohol 0.03 associated with cell membrane damage (Cox ef al,. 2001).
Benzylalcohol 0.02 The higher RIZD% was exhibited at higher
* Composition of the essential oil was analysed by Neumond GmbH, concentration of CEO and cinnamaldehyde. The highest
Raisting, Germany RIZD % for CEO was 111 against P. damselae (FP4101)

Table 2. Inhibition zone dia (IZD) and the percentage of relative inhibition zone dia (RIZD%) values of CEO and cinnamaldehyde
against fish pathogenic bacteria

Inhibition zone dia (mm) and RIZD % ®

Bacteria Agent* 1% (V/V) 5% (V/V) 10% (VIV)  25%(VIV)  50% (V/V)  100% (V/V)
IZD RIZD IZD RIZD 1ZD RIZD 1ZD RIZD IZD RIZD 1ZD  RIZD
V. harveyi (FP8370) C 0 0 0 0 10 417 20 833 23 958 26 108
CL 0 0 9 375 15 625 18 75 24 100 28 117
V. ichthyoenteri (FP4004) C 0 0 0 0 12 316 16 421 20 526 26 68.4
CL 0 0 10 263 16 421 24 632 28 737 30 78.9
P. damselae (FP4101) C 0 0 0 37 11 407 24 889 26 963 30 111
CL 0 0 12 444 15 556 20 926 24 889 32 119
E. tarda (FP5060) C 0 0 0 0 12 444 15 556 17 63 19 70.4
CL 0 0 10 37 20 741 22 815 26 963 30 111
E. tarda (ED47) C 0 0 8 333 11 458 15 625 17 708 19 79.2
CL 0 0 11 458 18 75 24100 38 158 46 192
E. tarda (Yoshida) C 0 0 8 296 11 407 16 593 26 963 28 104
CL 0 0 12 444 16 593 21 778 30 111 40 148
E. tarda (ED45) C 0 0 11 458 15 65 17 708 18 75 20 83.3
CL 0 0 15 625 22 917 30 125 32 133 34 142
L. garvieae (FP5245) C 0 0 0 11 44 12 48 14 56 17 68
CL 0 0 8 32 11 44 17 68 20 80 2 88
S. iniae (FP3287) C 0 0 0 0 10 357 13 464 14 50 16 57.1
CL 0 0 10 36 16 571 21 75 22 186 24 85.7
S. iniae (S186) C 0 0 0 0 8 229 17 486 19 543 20 57.1

(Contd....)
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CL 0 0 12 343 22 629 24 68.6 26 74.3 30 85.7
S. iniae (S530) C 0 0 0 0 15 39.5 17 447 20 52.6 23 60.5
CL 0 0 10 26.3 20 52.6 22 579 28 73.7 30 78.9
S. iniae (S131) C 0 0 0 0 14 40 20 57.1 26 74.3 32 914
CL 0 0 13 37.1 22 629 24 68.6 30 85.7 34 97.1
S. parauberis (FP5228) C 0 0 0 0 12 429 17 60.7 19 67.9 20 714
CL 0 0 11 39.2 14 50 17 60.7 22 78.6 26 92.9
S. parauberis (S124) C 0 0 0 0 10 40 13 52 15 60 17 68
CL 0 0 10 40 15 60 16 64 17 68 20 80
S. parauberis (S527) C 0 0 0 0 12 414 22 759 26 89.7 26 89.7
CL 0 0 12 413 14 483 16 552 22 75.9 28 82.8
S. parauberis (S1466) C 0 0 0 0 10 37 14 519 15 55.6 16 59.3
CL 0 0 13 43.1 12 444 26 96.3 28 96.6 30 103

2 C- CEO, CL- Cinnamaldehyde

®IZD- Inhibition zone dia, RIZD- Percentage of relative inhibition zone dia

and for cinnamaldehyde it was 192 against E. tarda (ED47)
(Table 2). It was observed that CEO had zero RIZD %
against all Gram positive strains and three Gram negative
strains [(V. harveyi (FP8370), V. ichthyoenteri (FP4004)
and E. tarda (FP5060)] at 5% (V/V) concentration. Gram
negative strains exhibited higher RIZD % than Gram
positive strains and there was a significant difference
between RIZD % of Gram negative and Gram positive
strains (p<0.05).

In the present study, a significant difference
(p<0.05) was observed between MIC values of Gram
positive and Gram negative bacteria. MIC of CEO
for bacterial strains ranged from 0.001 to 0.031% (V/V)
(Table 3). Cinnamaldehyde showed lower MIC values

than CEO for every strain which ranged from 0.001 to
0.015% (V/V), except six strains. In a previous study,
both EO and cinnamaldehyde were equally effective in
inhibiting the growth of bacteria (both Gram positive
and Gram negative) and the lowest MIC was obtained
against V. parahaemolyticus while the highest MIC
values were obtained against E. coli and P. aeruginosa
(Rattanachaikunsopon and Phumkhachorn, 2010). Plant
EOs can be classified into two categories, considering the
MBC/MIC ratio. EOs which exhibit MBC/MIC ratio <4
are denoted as bactericidal for tested bacteria, while the
EOs which demonstrate MBC/MIC ratio >4 are expressed
as bacteriostatic (Kone et al. 2004). According to this
study, CEO demonstrated only bactericidal activity against
the tested pathogenic bacteria, while cinnamaldehyde

Table 3. Susceptibility pattern of CEO and cinnamaldehyde against fish pathogenic bacteria

Bacteria CEO MBC/MIC Cinnamaldehyde MBC/MIC
MIC % (V/V) MBC % (V/V) MIC % (V/V) MBC % (V/V)
V. harveyi (FP8370) 0.007 0.031 4 0.001 0.007 7
V. ichthyoenteri (FP4004) 0.007 0.031 4 0.001 0.007 7
P. damselae (FP4101) 0.003 0.007 2 0.001 0.003 3
E. tarda (FP5060) 0.003 0.015 4 0.003 0.003 1
E. tarda (ED47) 0.003 0.015 4 0.001 0.003 3
E. tarda (Yoshida) 0.001 0.003 3 0.001 0.001 1
E. tarda (ED45) 0.001 0.007 4 0.001 0.007 7
L. garvieae (FP5245) 0.015 0.031 2 0.003 0.015 5
S. iniae (FP3287) 0.031 0.062 2 0.003 0.007 2
S. iniae (S186) 0.015 0.031 2 0.015 0.015 1
S. iniae (S530) 0.015 0.062 4 0.007 0.031 4
S. iniae (S131) 0.015 0.062 4 0.007 0.031 4
S. parauberis (FP5228) 0.015 0.031 2 0.015 0.062 4
S. parauberis (S124) 0.007 0.031 4 0.015 0.031 2
S. parauberis (8527) 0.007 0.015 2 0.003 0.015 5
S. parauberis (S1466) 0.007 0.015 2 0.007 0.015 2
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demonstrated both bactericidal and bacteriostatic
activity. Mean MBC/MIC for CEO was 2 to 4 and for
cinnamaldehyde it was 1 to 7 (Table 3). Previous studies
showed that the effect of CEO and cinnamaldehyde was
bactericidal for S. aureus and E. coli (Pozzo et al., 2012;
Zhang et al., 2016).

The MRI% of the isolates ranged between 0-57.1.
E. tarda (ED45 and ED47) showed the highest MRI%
(57.1), followed by both L. garvieae (FP5245) and
S. iniae (FP3287) (35.7) (Table 4). The antibiogram
pattern indicated that all the bacterial strains excluding
three strains of S. iniae (S186, S530 and S131) showed
resistance to one or more antibiotics. S. iniae (S186, S530
and S131) showed the lowest MRI % which in turn reflects

Table 4. Antibiogram pattern of the fish pathogenic bacteria

its susceptibility towards the antibiotics. It is important to
mention that the degree of inhibition (in terms of zone
size) by CEO and cinnamaldehyde was distinct compared
to standard antibiotics. In some strains, the zones of
inhibition by the antibiotics were smaller than the zones
of inhibition represented by CEO and cinnamaldehyde
at 100% (V/V) concentration. Antimicrobial activity of
CEO and cinnamaldehyde might be due to inhibition
of cell membrane synthesis. Previous studies observed
impaired membrane structure and swollen cells at
higher CEO concentrations. The structural changes in
bacterial cells occur due to the lysis of membrane and
the changes in the permeability of membrane caused by
CEO. Consequently, the changes can lead to loss of inner

Antibiotics ?

Bacteria — - MRI %
Sensitive Resistant

V. harveyi (FP8370) AMX, AMP, CTX, CRO, TCI, CHL, VA, NAL, CN 21.4
OFX, IMI, SXT, E, DA

V. ichthyoenteri (FP4004) AMX, AMP, CTX, CRO, TCI, CHL, VA, 7.1
OFX, NAL, CN, IMI, SXT, E, DA

P. damselae (FP4101) AMX, AMP, CTX, CRO, TCI, CHL, VA, 7.1
OFX, NAL, CN, IMI, SXT, E, DA

E. tarda (FP5060) AMX, CTX, CRO, TCI, CHL, AMP, CN, VAN, 214
OFX, NAL, IMI, SXT, E, DA

E. tarda (ED47) AMX, CTX, CRO, IML, E, DA AMP, TCI, CHL, VA, NAL 57.1

SXT, OFX,CN

E. tarda (Yoshida) AMX, AMP, CTX, CRO,TCI, CHL, VA, 7.1
OFX, NAL, CN, IMI, SXT, E, DA,

E. tarda (ED45) AMX, CTX, CRO, IML E, DA AMP,TC,CHL, VA, NAL, 57.1

SXT, OFX, CN

L. garvieae (FP5245) AMX, TC, DA, E, VA, NAL, CN AMP, CTX, CRO, CHL OFX 35.7
IMI, SXT

S. iniae (FP3287) AMX, TC, CHL, E, VA, NAL, CN AMP, CTX, CRO, DA, OFX 35.7
IMI, SXT

S. iniae (S186) AMX, AMP, CTX, CRO, TC, CHL - 0
E, DA, VA, OFX, NAL, CN, IMI, SXT

S. iniae (S530) AMX, AMP, CTX, CRO, TC, CHL - 0
E, DA, VA, OFX, NAL, CN, IML,SXT

S. iniae (S131) AMX, AMP, CTX, CRO, TC, CHL, E - 0
DA, VA,OFX, NAL,CN, IMI, SXT

S. parauberis (FP5228) AMX, CTX, CRO, TC E DA VA AMP, CHL 14.3
OFX, NAL, CN, IMI, SXT

S. parauberis (S124) AMX, CTX, CRO, VA, CHL, OFX AMP, TC, E, DA 28.6
NAL, CN, IMI, SXT

S. parauberis (S527) AMX, CTX, CRO, TC, CHL, SXT AMP 7.1
E, DA, VA, OFX, NAL, CN, IMI

S. parauberis (S1466) AMX,CTX, CRO, TC, CHL, NAL AMP, E 14.3

DA, VA, OFX, CN, IMI, SXT

* AMP10-Ampicillin (10 pg), CTX30-Cefotaxime (30 ng), CRO30-Ceftriaxone (30 pg), TC15-Tetracycline (15 pg), CHL30-Chloramphenicol (30 pg),
E15-Erythromycin (15 pg), DA10-Clindamycin (10 pg), VA30-Vancomycin (30 pg), OFX5-Ofloxacin (5 ng), NAL30-Nalidixic acid (30 pg), CN10-
Gentamicin (10 pg), IMI10-Imipenem (10 pg), SXT25- Trimethoprim-sulfamethoxazole (25 pg), AMX30-Amoxicillin (30 pg)
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cell materials (Shin et al, 2007; Bajpai et al, 2013).
Cinnamaldehyde damages and destroys the bacterial cell
surface and interfere in biological processes of bacteria
by altering electron transfer and reacting with nitrogen-
containing components such as proteins and nucleic
acids. Furthermore, cinnamaldehyde inhibits amino acid
decarboxylase activity and decrease cellular glutathione
levels (Haines and Shankel, 1990; Gupta ef al., 2008).

In the present study, CEO and cinnamaldehyde
inhibited the growth of tested fish pathogenic bacteria
isolated from olive flounder. The findings of the
present study highlight the promising role of CEO and
cinnamaldehyde as good candidates for further research
to develop a new alternative antibacterial drug against
fish pathogenic bacteria. They can be used to prevent or
treat fish diseases by adding to fish feed or by immersion
treatment. Studies about pharmacokinetics of CEO and
cinnamaldehyde and in vivo effects suggested that they
may not pose a risk for fish health (Rattanachaikunsopon
and Phumkhachorn, 2010). Therefore, in order to apply
CEO and cinnamaldehyde for treatment of bacterial
diseases in aquaculture, their stability in the aquatic
environment, palatability and absorption rate in fish need
to be further investigated.
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