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ABSTRACT

Fish pathogens cause not only economic damages to fish farming but also infectious pathogens known as a zoonotic
agent. Since the continued use of antibiotics to control fish pathogens entails side effects, materials of natural origin
need to be developed. The purpose of this study is to discover coniferous essential oils with excellent antibacterial
effects in order to develop antibiotic alternatives. We have extracted essential oils using hydro-distillation from the
leaves of Abies holophylla, Pinus thunbergii, Pinus parviflora, Tsuga sieboldii, and Pinus rigitaeda, which are all
Pinaceae family. And, we have evaluated antibacterial activity with the extracted essential oils against Edwardsiella
tarda, Photobacterium damselae, Streptococcus parauberis, and Lactococcus garvieae, which are fish pathogens. As
a result, the essential oils from A. holophylla and P. thunbergii showed the selectively strong antibacterial activity
against E. tarda and P. damselae, which are gram-negative bacteria. From GC-MS analysis, it was identified that
main component of A. holophylla essential oils are (-)-bornyl acetate (29.45%), D-limonene (20.47%), and camphene
(11.73%), and that of P. thunbergii essential oils is a-pinene (59.81%). In addition, we found three compounds: neryl
acetate, (-)-borneol, and (-)-carveol, which are oxygenated monoterpenes. These exist in a very small amount but
exhibit the same efficacy as essential oil. Therefore, we expect that 4. holophylla and P. thunbergii essential oils
having excellent growth inhibitory effect against gram-negative fish pathogens can be used as biological products
such as feed additives and fishery products.
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1. INTRODUCTION cause it is difficult to manage the surrounding water

quality. This increases more frequent infection with

As fishing technology has been advanced, it has be- fish pathogens and causes massive economic loss be-
come large in scale and mass production is possible. cause the disease quickly spreads in small places (Oh

However, high density fish farming in a limited place et al., 2006; Yan and Kim, 2013).

causes problems such as environmental pollution be- Although there are differences in bacterial diseases
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according to fish species, recently, damage such as ed-
wardsiellosis mainly caused by Edwardsiella tarda,
streptococcosis caused by Streptococcus parauberis
and Lactococcus garvieae, and vibriosis caused by
Photobacterium damselae has been reported (Jee et
al.,, 2014; Kim et al., 2015). These are representative
infectious pathogenic organisms that cause bacterial
diseases of olive flounder, and olive flounder infected
with bacteria shows symptoms such as bleeding, ab-
dominal distension, and enlarged kidneys, eventually
leading to death (Han et al., 2006; Cho et al., 2007;
Moon et al., 2009; Nho et al., 2009). In addition,
some bacteria including E. tarda, are known as bac-
terial zoonoses, which can infect humans as well as
fish and cause disease (Erfanmanesh et al., 2012;
Hundenborn et al., 2013; Hirai et al., 2015; Choksi
and Dadani, 2017). Accordingly, antibiotics were ad-
ministered to feed or water to lower the death rate of
fish and increase fish production by treating or pre-
venting diseases caused by fish pathogens (Markestad
and Grave, 1997; Cabello, 2006). However, continued
use of antibiotics and indiscriminate misuse and abuse
are likely responsible for not only leading to emer-
gence of resistant strains, but also disturbing environ-
mental ecosystems (Rhodes er al., 2000; Cabello,
2006). Therefore, development of alternative antibiotic
materials of natural origin has received attention to
minimize side effects caused by the use of such anti-
biotics and effectively control fish pathogens (Grenni
et al., 2017; Rossiter et al., 2017).

Essential oil, a natural resource, is one of the secon-
dary metabolites isolated from scented plants, and it
is a volatile mixture in the form of oil. It is known
that essential oils have various biological effects such
as antioxidant (Amorati et al., 2013; Salgado-Garciglia
et al., 2018; Jeong et al., 2017), antifungal (Nazzaro
et al., 2017; D’agostino et al., 2019), insecticidal
(Tripathi et al., 2009; Ayvaz et al., 2010), and anti-
bacterial activity (Bakkali et al., 2008; Nazzaro et al.,

2013; Chouhan et al., 2017). Studies have also been
conducted to analyze the ingredients and to evaluate
the toxicity for their safety (Min ef al., 2017; Ahn et
al., 2018). Pinaceae is a representative plant with a
high essential oil content, and it mainly consists of
volatile aromatic compounds of terpene, such as mon-
oterpenes and sesquiterpenes containing hydrocarbons
and oxygenated derivatives (Koukos et al., 2000;
Hong et al., 2004). Essential oils from Pinaceae family
are widely used in aromatherapy (Ali et al., 2015), an-
ti-inflammation (Yang et al., 2019), antioxidation (Xie
et al., 2015), and antimicrobial activity (Chouhan et
al., 2017), etc (Aziz et al., 2018). In particular, pine
essential oil, also called phytoncide, has strong anti-
bacterial activity against various gram-negative and
gram-positive bacteria (Mohammed et al., 2001; Lee
et al., 2014).

Although there have been studies on antibacterial
activity against fish pathogens of natural products in-
cluding essential oils (Bulfon et al., 2013; Park et al.,
2016; Cunha et al., 2018), no demonstration has been
made on the efficacy of essential oils from Pinaceae
family to date. In addition, most studies have com-
pared and evaluated the efficacy of essential oils ac-
cording to the sample region or extraction method, or
presented the main components through analysis.
However, since various components are mixed in es-
sential oils, there are cases where it is impossible to
explain them with one component, and there have
been very few studies on important active components
that explain these specific phenomena.

For that reason, in this study, we evaluate anti-
bacterial activity of essential oils from Pinaceae
leaves, which are A. holophylla, P. thunbergii, P. par-
viflora, T. sieboldii, and P. rigitaeda, against fish
pathogens and investigate their own active ingredients.
Through this, we tried to investigate whether essential
oils from Pinaceae leaves can be used as a prevention

of fish pathogens or as a medicine for fisheries.
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2. MATERIALS and METHODS

2.1. Pinaceae sample and single
compounds

All five trees used in the study belong to Pinaceae
family. The leaves of 4. holophylla, P. thunbergii, and
P. rigitaeda were collected from the National Institute
of Forest Science in Suwon City, 7. sieboldii was col-
lected from the National Institute of Forest Science in
Pocheon-eup, and P. parviflora leaves from Ulleungdo.
And, all reagents used in the study are from Sigma-al-
drich; (-)-bornyl acetate (99%, product number: 45855),
o-pinene (97%, product number: 80604), (-)-borneol
(99%, product number: 15598), neryl acetate (97%,
product number: 46015), and (-)-carveol (98%, prod-
uct number: 61370).

2.2. Extraction of essential oils

Essential oils were extracted using hydro-distillation
from the leaves of 4. holophylla, P. thunbergii, P. par-
viflora, T. sieboldii, and P. rigitaeda. 5 to 6 L of dis-
tilled water per 1 kg of sample was added to a 10
L volume round flask. Extraction was carried out
until no more essential oil was extracted with a heat-
ing mantle (Model: MS-DM608, Serial number:
201602, Misung Scientific. Co. Ltd., Korea) at 100
+ 2 °C. The extracted essential oil was dehydrated us-
ing anhydrous Na,SO4 (98.5%, Samchun, Korea) and
filtered using 0.45 um pore size minisart® syringe fil-
ter (Reference number: 16555-K, Sartorius Stedim
Biotech GmbH, Germany). The filtered essential oil
was transferred to a light-blocked brown bottle, and
then filled with nitrogen gas and stored in a 4 °C re-

frigerator until use.

2.3. Strains and culture conditions

Edwardsiella tarda FP5060, Photobacterium dam-

selae FP4101, Lactococcus garvieae FP5245, and
Streptococcus parauberis FP3287 were received from
Marine and Fisheries Life Resources, National Insti-
tute of Fisheries Sciences, and they were stored in
25% glycerol stock at -40°C. BHI agar was prepared
by adding 15 g/L agar to BHI broth (Bacto™ brain
heart infusion, Product number: 237500, BD Bioscien-
ces Korea Ltd., Korea). The frozen storage bacteria
were inoculated on a BHI agar plate and cultured at
28 °C for 24 hours to ensure a single colony. A single
colony was inoculated into 4 mL BHI broth, and then

cultured with 250 rpm for overnight.

2.4, Evaluation of antibacterial activity
using Paper disc diffusion

The bacteria cultured in BHI broth were measured
at 600 nm using a Neo-D3117 UV-VIS spectropho-
tometer (NEOGEN Inc., Korea), and optical density
(0.D) was adjusted to 1 (O.Dgoo = 1). After inoculating
100 pL of the concentration-adjusted bacteria in the
center of Mueller hinton agar (Difco, Product number:
225250, BD Biosciences Korea Ltd., Korea) plate, it
was spread evenly using a glass spreader. A sterilized
paper disc (ADVANTEC, Product number: 49005040,
Toyo Roshi Kaisha, Ltd. Japan) was attached to the
plate, and each essential oil stock solution was ab-
sorbed by 5 uL. After that, the cells were cultured at
28 °C for 2 days, and measure the diameter of a ring
formed around the paper disc to evaluate antibacterial

activity.

2.5. Evaluation of antibacterial activity at
various concentration

The microdilution method of CLSI M07-A9 was
modified and used in order to evaluate the anti-
bacterial activity. 4. holophylla, P. thunbergii essential
oils and a single compound were dissolved in dimethyl

sulfoxide (DMSO, extra pure grade, Product number:
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3047-4460, Duksan) and were prepared at a concen-
tration of 5% (v/v) until use. Essential oil samples
were diluted to 3.5, 2, 1, and 0.5% concentration. 200
uL of BHI broth was dispensed into each well of a
96-well polystyrene microplate (Flat bottom well,
Product number: 30096, SPL Life Sciences Co., Ltd.,
Pocheon, Korea). The prepared sample was treated
with 2 uL of each well. Then, each well was in-
oculated so that the concentration of pre-cultured bac-
teria was O.Dgpo= 0.05, and cultured at 28 °C for 24
hours. After incubation for 24 hours, the absorbance
was measured at 600 nm using an Epoch microplate
spectrophotometer (BioTek Instruments, Inc., US) to
evaluate the antibacterial activity of essential oils. The
control group was treated with 1% DMSO in which
the sample was dissolved, and the positive control
group was tetracycline (HPLC grade, Product number:
87128, Sigma-Aldrich, Korea), an antibiotic.

2.6. Gas chromatography—mass
spectrometry (GC—MS) analysis

The components of essential oils extracted from A.
holophylla and P. thunbergii leaves were analyzed
using GC-MS analysis. For GC-MS analysis,
TRACE™ 1310 Gas Chromatograph consisting of
TriPlus™ 100 LS Liquid Auto-sampler (Catalog num-
ber: IQLAAAGAAHFACMMBES), ISQ™ Series Single
Quadrupole GC-MS System (Catalog number:
IQLAAAGAAJFALOMAYE) was used, and all are
Thermo Fisher Scientific products (Thermo Fisher
Scientific Solutions LLC, Korea). For the column,
VE-5MS (Silica, length 60 m X diameter 0.25 mm
x thickness 0.25 um, Agilent Technologies, Inc., US)
was used. Helium was supplied as a mobile phase gas
at a rate of 1 mL/min. The essential oil sample was
dissolved 4 pL in 1 mL of dichloromethane and in-
jected 1 uL. Injection temperature was maintained at

250 °C, and a split ratio mode of 1:20 was used. Oven

temperature was initially maintained at 50 ‘C for 5 mi-
nutes, then increased to 65 ‘C at 10 'C/min and main-
tained for 30 minutes. Thereafter, the temperature was
raised to 210 °C at 5 °C/min and maintained for 10
minutes. Lastly, the temperature was increased up to
325 °C at 20 "C/min and maintained for 10 minutes.
The temperature of the flame ionization detector (FID)
was set to 300 °C, the air flow was set to 350 mL/min,
the hydrogen flow to 35 mL/min, and the make-up
gas (helium) to 40 mL/min. MS data were collected
in the range of 35 - 550 amu at 0.2 sec/scan in EI
ionization mode.

Among the collected peak data, those with high
match quality were first selected, and Kovats retention
index (KI) was calculated using n-alkanes (Cg - Cao,
Product number: 04071, Sigma-Aldrich, Korea). The
calculated KI value was compared with the National
Institute of Standards and Technology (NIST, US)
Chemistry WebBook (Standard Reference Database
Number 69), and we finally selected compounds with

a difference of less than 100.

2.7. Statistical analysis

All experimental results are presented as mean and
standard deviation. One way analysis of variance was
used to distinguish significant differences using IBM®
SPSS software (Ver. 25.0; SPSS Inc., Chicago, Illinois,
USA). Significance levels were set at 95% confidence

intervals for Tukey test or paired-z-test.

3. RESULTS and DISCUSSION

3.1. Evaluation of antibacterial activity of
essential oils from Pinaceae leaves
against fish pathogens

The yields of each essential oil extracted from A.
holophylla, P. thunbergii, P. parviflora, T. sieboldii,

and P. rigitaeda leaves were found to be 2.99%,
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0.93%, 0.08%, 0.15%, 0.72%, and the antibacterial ef-
fect was evaluated with the paper disc diffusion
method. The presence of antibacterial activity of es-
sential oils was confirmed by measuring the size of
the ring formed by exposing 4 types of fish pathogens
to a paper disc containing essential oils for 2 days
(Table 1). A clear zone arising around the paper disc
is formed because bacteria cannot grow in the area,
so the size of the growth inhibiting ring indicates an
index of antibacterial activity (Djabou et al., 2013).

For E. tarda, A. holophylla and P. thunbergii essen-
tial oils showed strong antibacterial activity with 21.5
mm and 21.0 mm, respectively, followed by 7. sieboldii
(16 mm) and P, rigitaeda (13 mm) in order. Also, for
P. damselae, A. holophylla and P. thunbergii essential
oils formed a wide growth-inhibiting ring of size 23.5
mm and 20.5 mm, followed by T sieboldii (13.25 mm),
P, rigitaeda (11.5 mm), and P. parviflora (8§ mm) in
order. The antibacterial effect of tested essential oils
against L. garvieae was lower than that of E. tarda and
P. damselae, and among 5 essential oils, A. holophylla
essential oil was 12.75 mm, which showed higher
antibacterial activity than other essential oils. For S.
parauberis, P. thunbergii essential oil formed the wid-
est ring of 14.0 mm, while the remaining essential oil
formed a growth inhibitory ring of similar size at the

level of about 10 mm. On the other hand, P parviflora

essential oil did not form rings against E. farda and
S. parauberis. From these results, we noticed that the
essential oils of A. holophylla and P. thunbergii leaves
had a strong antibacterial effect against fish pathogens,
and were particularly effective against E. farda and
P damselae.

As a result of the paper disc assay, E. tarda and
P. damselae, the gram-negative bacteria, showed high
sensitivity to essential oils of 4. holophylla and P.
thunbergii leaves. In contrast, the gram-positive bac-
teria L. garvieae and S. parauberis were relatively less
susceptible to both essential oils (Table 1). Therefore,
we investigated the growth change according to the
concentration of essential oils of 4. holophylla and P.
thunbergii leaves against 4 types of fish pathogens
(Fig. 1). For E. tarda, A. holophylla leaves essential
oil inhibited growth of about 5% at a concentration
of 0.01%, and its effect increased rapidly at a concen-
tration of 0.02% to inhibit 100%. P. thunbergii leaves
essential oil showed a growth inhibition effect of
about 10% and 25% at concentrations of 0.01% and
0.02%, respectively, and 100% effect at concentration
of 0.035% (Fig. 1A). The growth of P. damselae was
rapidly inhibited in the essential oil of A. holophylla
and P. thunbergii leaves at 0.02% concentration, and
the inhibitory effects were 74% and 83%, respectively.
In addition, 0.035% concentration of A. holophylla

Table 1. Antibacterial activity of essential oils by the paper disc assay

Diameter of clear zone (mm)"

E. tarda® P. damselae ¥ L. garvieae® S. parauberis
A. holophylla 21.5 + 0.71 23.5 +£ 0.71 12.75 £ 0.35 11.0 £ 0.0
P. thunbergii 21.0 £ 1.41 20.5 + 2.12 8.5 = 0.71 14.0 = 0.0
P. parviflora N.D.? 8.0 = 0.0 7.5 = 0.0 N.D.
P. rigitaeda 13.0 = 0.0 11.5 £ 0.71 7.5 £ 0.0 10.25 + 1.77
T. sieboldii 16.0 = 0.0 13.25 £ 0.35 8.5+ 0.0 9.75 + 0.35

Y Mean and standard deviation were calculated from two independent experiments.

2 N.D.: Not detected.
¥ Gram-negative bacteria.
® Gram-positive bacteria.
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leaves essential oil showed inhibitory effect on the
growth of about 93% and P. thunbergii leaves essen-
tial oil did about 81%. The essential oils of 4. hol-
ophylla and P. thunbergii leaves had little effect on
the growth of L. garvieae (Fig. 1C). S. parauberis
growth was also not affected by 4. holophylla leaves
essential oil, but growth was inhibited by about 18%
by 0.035% concentration of P. thunbergii leaves es-
sential oil (Fig. 1D). Such antibacterial research on
fish pathogens of 4. holophylla and P. thunbergii
leaves essential oil has not been reported so far, and
it is significant in that it suggested the possibility of
them as a material for preventing infectious diseases
against fish pathogenic bacteria.

In general, the antimicrobial activity of essential oils
is known to be more effective against gram-positive
bacteria than gram-negative bacteria (Trombetta et al.,
2005; Nazzaro et al., 2013). In gram-positive bacteria,
about 90 - 95% of the cell wall is composed of pepti-
doglycan, and teichoic acid and lipoteichoic acid are
present on the cell wall surface. Therefore, the cell
wall of gram-positive bacteria allows hydrophobic
substances such as essential oil to pass relatively easi-
ly, and can act on the cell wall or the cytoplasm inside
the cell (Tiwari et al., 2009). On the other hand, the
cell wall of gram-negative bacteria has a thinner layer
of peptidoglycan than gram-positive bacteria, and
there is one more outer membrane on the outermost
side. It is known that the lipopolysaccharide present
in the outer membrane gives hydrophilic properties to
the surface of the cell wall, and thus exhibits resist-
ance to hydrophobic substances such as essential oils
(Vaara, 1992; Nikaido, 1994; Mann et al., 2000).
Previous studies have also reported that essential oils
extracted from herbaceous plants are more effective
in inhibiting the growth of gram-positive bacteria than
in gram-negative bacteria. (Aumeeruddy Elalfi et al.,
2015; Martucci et al., 2015; Bouazama et al., 2017),

Also, essential oils of woody species have been reported
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Fig. 1. Effect of various concentration two essential
oils on growth of gram-negative bacteria (A and B)
and gram-positive bacteria (C and D).

The essential oils were dissolved in DMSO and prepared
by serial dilution. Control was treated with 1% of total
volume of DMSO as the solvent in which the essential
oils were dissolved. Standard deviation was calculated from
four independent experiments. Statistical analysis was
performed using a Tukey test. Values that differ from the
control with the 95% confidence level are marked with
a star (4. holophylla, open-square) or a sharp (P. thunbergii,
filled-square) on the top of symbols, respectively.

to show MIC levels at lower concentrations for
gram-positive bacteria (Aumeeruddy Elalfi et al,
2015). There was one study in which time-kill analysis
was performed using essential oils extracted from
Citrus medica. As a result, Escherichia coli was in-
hibited to a maximum growth 4 hours after exposure
to essential oils, but Staphylococcus aureus was found
to be 2 hours earlier than this (Li et al., 2019).
Interestingly, however, the essential oils from A. hol-
ophylla, P. thunbergii, P. rigitaeda, and T. sieboldii
leaves tested in this study were more effective and
showed high antibacterial activity against gram-negative
bacteria (E. tarda and P. damselae) than gram-positive
bacteria (L. garvieae and S. parauberis) (Table 1).

Particularly, MIC concentrations of E. tarda and P.
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damselae were confirmed by the essential oils of 4. hol-
ophylla and P. thunbergii leaves, which showed the
strongest growth inhibitory effect, but the effect was in-
sufficient at all concentrations for gram-positive bacteria
(Fig. 1). These results are in contrast to the previously
reported research results, and we determined that it was
necessary to analyze composition of the essential oils

of A. holophylla and P. thunbergii leaves.

3.2. GC-MS analysis of essential oils from
the five species of leaves belonging
to Pinaceae family

We analyzed compound composition of the essential
oil extracted from the leaves of the five species
belonging to Pinaceae family using GC-MS analysis
(Table 2). The major components of the essential oil of

P. parviflora leaves were o-pinene (36.58%), pB-pinene

Table 2. Comparative chemical composition of essential oil from five Pinaceae leaves (%)

Peak area (%)

RT" Components B - . } ‘_ K1?
A. holophylla  P. thunbergii ~ P. parviflora  P. rigitaeda T. sieboldii
24.38 Tricylene 0.82 0.11 0.21 1.96 ) 917
26.00 o-Pinene 6.08 59.81 36.58 12.03 8.19 927
28.42 Camphene 11.73 0.80 2.64 8.42 0.36 941
33.36 B-Pinene 0.76 3.11 23.49 1.37 18.08 971
35.99 B-Myrcene 0.69 4.24 2.68 5.46 5.90 986
39.38 3-Carene 2.95 - 0.13 - - 1012
41.44 o-Cymene 0.91 1.02 0.10 0.54 0.56 1033
42.01 D-Limonene 20.47 4.34 18.99 434 1.35 1038
42.12 Sabinene - 0.70 - 1.22 4.75 1040
46.87 a-Terpinolene - - 0.54 - - 1089
47.05 (-)-Fenchone - 0.23 - - - 1091
47.22 Myroxide - - - 0.12 - 1093
47.77 o-Pinene oxide - 0.77 - 0.37 - 1098
47.80 Linalool - - - - 0.90 1099
48.45 cis-Verbenol 0.19 0.62 - 0.13 - 1107
48.66 B-Pinene oxide - - - 0.11 - 1110
49.12 Fenchol - 0.10 - - - 1117
49.66 a-Campholenal 0.23 0.17 - - - 1124
50.09 Limonene oxide, cis- 0.62 - - - - 1130
50.40 (+)-(E)-Limonene oxide 0.71 - - - - 1134
50.69 (-)-trans-Pinocarveol - 0.46 0.13 0.14 0.48 1139
51.02 (S)-cis-Verbenol - 0.63 - - - 1143
51.69 Camphene hydrate - - 0.10 0.33 - 1152
52.13 Pinocamphone - - 0.24 - - 1158
52.28 Pinocarvone - 0.15 - 0.10 - 1160
52.99 (-)-Borneol 0.40 0.14 - 0.27 - 1169
53.26 trans-2-Caren-4-ol 0.32 - - - - 1173
53.65 Terpinen-4-ol - - 0.10 0.39 0.23 1179
54.11 Cherry propanol 0.82 0.37 - - - 1185
54.13 Cryptone - - - 0.72 1.29 1186
54.80 L-a-Terpineol - 0.21 1.09 1.42 2.41 1194
54.91 Myrtenal - 0.19 - - - 1196
55.89 (-)-Verbenone - 0.50 - - - 1209
56.82 Fenchyl acetate - 0.12 - - - 1222
56.84 (-)-Carveol 0.27 - - - - 1222
58.90 Cuminaldehyde - - - 0.14 - 1249
59.31 Vervenone 0.30 - - - - 1254
59.83 Piperitone - 0.10 - - - 1261
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Table 2. (Continued)

Peak area (%)

RTY Components A. holophylla  P. thunbergii  P. parviflora P. rigitaeda T. sieboldii KI?
61.51 Phellandral - - - 0.14 - 1283
61.94 (-)-Bornyl acetate 29.45 1.25 0.85 47.06 0.43 1290
62.09 Alloocimene 0.44 - - - - 1291
62.78 Limonene dioxide - 0.67 - - - 1300
63.84 Thymoquinone 0.40 - - - - 1322
65.18 Limonene glycol 0.53 - - - - 1349
65.32 a-Terpinyl acetate - - 0.14 0.19 - 1352
65.33 Myrtanyl acetate - 0.13 - - - 1352
66.66 Neryl acetate 0.73 - - 0.25 - 1379
66.88 a-Copaene - - 0.23 - 0.30 1384
67.44 B-Elemene - 0.13 - - 2.98 1395
67.97 Limonene oxide 0.18 - - - - 1408
68.08 (-)-a-Gurjunene 0.33 - - - - 1411
68.45 Longifolene - - 0.55 - - 1421
68.82 B-Caryophyllene - 2.63 1.62 0.78 4.27 1431
69.17 o-Bergamotene - - - - 0.22 1440
69.30 Butanoic acid - - - - 0.21 1444
69.55 Aromadendrene - - - - 0.85 1451
70.19 Humulene - 2.39 0.29 1.21 0.95 1467
70.79 y-Muurolene - - 0.23 0.42 1.26 1484
71.08 (-)-Germacrene D - - 1.48 - 0.29 1492
71.37 B-Selinene - - - - 0.68 1500
71.42 (+)-Ledene - - - - 0.91 1501
71.58 a-Muurolene - - 1.44 0.13 2.90 1507
71.79 B-Bisabolene - 0.13 0.11 - - 1513
72.11 (-)-y-Cadinene - - - 0.19 3.30 1524
72.23 (+)-0-Cadinene - - 0.31 - 2.54 1528
72.35 Calamenene - - - - 0.70 1532
73.35 Nerolidol 0.22 0.22 - - 2.31 1565
73.64 a-Calacorene - - - - 0.56 1575
73.98 Globulol - - - - 0.31 1586
74.16 (-)-Spathulenol - - - - 5.39 1592
74.38 Caryophyllene oxide 3.15 5.44 0.14 1.30 4.94 1599
74.71 Viridifloraol - - - - 0.76 1611
75.00 Rosifoliol - - - - 0.24 1622
75.16 Humulene epoxide 2 0.70 2.48 - 1.09 0.77 1627
75.54 Cubenol - - 0.18 0.14 0.42 1642
75.66 2-Phenylethyl hexanoate - - - - 0.92 1646
75.89 Cedrelanol - - 0.11 0.15 1.63 1655
75.95 t-Muurolol - - 0.17 0.23 2.54 1657
76.01 §-Cadinol - - 0.23 0.14 - 1659
76.31 B-Eudesmol 1.08 0.13 - - - 1672
76.28 a-Cadinol - - 0.29 0.40 5.86 1669
76.45 Epiglobulol - - - - 0.33 1676
77.03 a-Bisabolol 1.55 0.45 0.11 0.18 - 1698
87.19 Biformene - - - 0.11 - 1995
87.41 (+)-Isokaurene - - - 0.24 - 2002
87.84 (+)-Manoy! oxide - - 0.17 - - 2024
88.57 (-)-Phyllocladene - - - 0.31 - 2061
91.38 Kauran-16-ol - - - 1.80 - 2259

D RT: Retention time (min).

DKI: Kovats

retention index.
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(23.49%), and D-limonene (18.99%). And T. sieboldii
leaves had (-)-bornyl acetate (47.06%), o-pinene
(12.03%), and camphene (8.42%) as major components.
In addition, the ratio of B-pinene (18.08%) and o-pinene
(8.19%) was high in P. rigitaeda.

Most of the components of the essential oils of A.
holophylla and P. thunbergii leaves, which have a
strong antibacterial activity against gram-negative bac-
teria, were analyzed as terpene-based compounds, in-
cluding monoterpene and sesquiterpene. The main
components of 4. holophylla leaves essential oil were
22 monoterpene (79.82%) and 7 sesquiterpene (7.21%),
and the main constituents of P. thunbergii leaves es-
sential oil were 26 monoterpene (80.94%) and 9 ses-
quiterpene (14.00%). The main components of 4. hol-
ophylla leaves essential oil were (-)-bornyl acetate
(29.45%), D-limonene (20.47%), camphene (11.73%),
and o-pinene (6.08%). P. thunbergii leaves essential
oil had the highest ratio of a-pinene at 59.81%, fol-
lowed by caryophyllene oxide (5.44%), D-limonene
(4.34%), and B-myrcene (4.24%). A total of 17 com-
pounds were found in both essential oils of 4. hol-
ophylla and P. thunbergii leaves, and 12 were mono-
terpene and 5 were sesquiterpene. From these results,
we identified that (-)-bornyl acetate and a-pinene ac-
count for the largest proportion of the two essential
oils extracted by hydro-distillation in this study.
Other studies suggest bicyclo [2.2.1] heptan- 2-ol
(28.05%), 63-carene (13.85%), and a-pinene (11.68%)
as the main components of A. holophylla leaves es-
sential oils (Lee and Hong, 2009), or does 3-carene
(25.53%), a-pinene (17.55%), and bornyl acetate
(16.22%) (Kim et al., 2016). P. thunbergii essential
oil also reported 2H-benzocyclohepten-2-one (34.33%),
a-humulene (19.59%), limonene (5.92%) and car-
yophyllene (5.32%) as the main components. (Kim et
al., 2013). For extracts including essential oils, there
are differences in components due to various extraction

conditions such as the sample site, harvest time, ex-

traction method, and temperature and time during ex-
traction (Tongnuanchan and Benjakul, 2014; Lingan,
2018). Therefore, these factors make a difference in
the compounds separated from plants, and we assume
that the final composition ratio of essential oils is like-
ly to be affected by them. Accordingly, for future re-
search, it requires standardization of an appropriate ex-
traction method in order for essential oils to be used
as a functional material, and needs to present each of
the indicators that serves as a standard for quality
through an analysis of essential oils representing phys-

iological activity.

3.3. Evaluation of antibacterial activity of
single compound against fish
pathogens

Various compounds exist in plant extracts including
essential oils, and since they act organically and ex-
hibit physiological activity, it is difficult to clearly
present the mechanism (Sutili et al., 2016). In addi-
tion, there are cases where a compound known as a
standard component does not match the efficacy of the
extract, but rather the phenomenon may be explained
by a trace amount of the compound (Chouhan et al.,
2017; Ham and Kim, 2019).

In this study, we evaluated the activity of the ter-
pene-based single compound constituting the essential
oil, and sought to identify an active ingredient exhibit-
ing similar physiological activity to the essential oils.
We carried out antibacterial screening of various ter-
pene-based single compounds (0.05% concentration)
including the most existing (-)-bornyl acetate and a
-pinene based on the results of GC-MS analysis of the
essential oils of 4. holophylla and P. thunbergii leaves
(Data not shown). As a result, three monoterpene-
based active compounds with neryl acetate, (-)-bor-
neol, and (-)-carveol, which selectively inhibit the
growth of E. tarda and P. damselae, are obtained in

the same effect as essential oils of A. holophylla and
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Fig. 2. Effect of three oxygenated monoterpenes on
growth of gram-negative bacteria (A and B) and
gram-positive bacteria (C and D).

Tetracycline was prepared at a concentration of 0.0005%
as a positive control. Three oxygenated monoterpenes
were prepared at concentration of 0.05%. All chemicals
were dissolved in DMSO. Control was treated with 1%
of total volume of DMSO as the solvent in which the
chemicals were dissolved. Standard deviation was cal-
culated from four independent experiments. Statistical
analysis was performed using a paired-r-test. Values that
differ from the control with the 95% confidence level
are marked with a star on the top of bars.

P. thunbergii leaves (Fig. 2). E. tarda was inhibited
by 68%, 75%, and 69% of growth by three compounds
and 77% by tetracycline (0.0005% concentration),
which was a positive control (Fig. 2A). P. damselae
also inhibited 55%, 70%, and 71% of growth by three
single compounds, but only 17% by tetracycline (Fig.
2B). On the other hand, the effects of three ter-
pene-based compounds had insignificant impact on
growth of the gram-positive bacteria L. garvieae and
S. parauberis. L. garvieae showed a 10% of growth
reduction only by (-)-borneol and 42% of inhibition

by tetracycline (Fig. 2C). There was no compound that
inhibited the growth of S. parauberis, and only tetra-
cycline, which was a positive control, showed 81% of
an inhibitory effect (Fig. 2D).

The results of the efficacy evaluation of neryl ace-
tate, (-)-borneol, and (-)-carveol have significance in
providing fundamental data that explains specific ef-
fects of essential oils of 4. holophylla and P. thunbergii
leaves, which shows strong and selective antibacterial
activity against gram-negative fish pathogens.

Neryl acetate and (-)-carveol were found only in 4.
holophylla leaves essential oils, and (-)-borneol was
detected in both A. holophylla and P. thunbergii leaves
essential oils (Table 2). These results may partially ex-
plain the phenomenon that 4. holophylla leaves essen-
tial oil has a superior growth inhibition effect against
E. tarda than P. thunbergii leaves essential oil. On
the other hand, neryl acetate and (-)-borneol were also
detected in essential oils of P. rigitaeda leaves, but
did not have strong antibacterial activity against fish
pathogens. Some studies have combined the compo-
nents present in the extract, confirming that there is
a synergistic effect between single compounds. (Ham
and Kim, 2019; Kim ef al., 2016). From these studies,
it also showed a synergistic effect of antibacterial ac-
tivity between neryl acetate, (-)-carveol, (-)-borneol,
and other components in the essential oils of A. hol-
ophylla and P. thunbergii leaves, and it is presumed
to have high antibacterial activity when compared to
P. rigitaeda.

Prior studies on (-)-borneol and (-)-carveol have
been shown to have antibacterial (Knobloch et al.,
1989; Hammerschmidt et al., 1993; Tabanca et al.,
2001; Cha, 2007; Jung, 2009; Lopez-Romero et al.,
2015; Guimaraes et al., 2019) as well as antifungal
effects (Tabanca ef al., 2001; Hussain et al., 2010),
and neryl acetate has also been reported to inhibit the

growth of some pathogenic microorganisms found in
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industry (Kotan et al., 2007). However, studies on fish
pathogens with these compounds have not been con-
ducted, and such previous studies have not provided
results on specific antibacterial activity by species
classification. Given these results, this study suggests
the possibility of selectively controlling gram-negative
fish pathogens by using neryl acetate, (-)-borneol and
(-)-carveol, which are classified as oxygenated mono-
terpene.

Generally, mechanisms of essential oils for micro-
organisms are known to destroy cell membranes (Li
et al., 2014; Raeisi et al., 2015), loss of membrane
integrity (Diao et al., 2014; Yang et al., 2015), and
increase in permeability of cell membranes (Lambert
et al., 2001; Hyldgaard et al., 2012) and the cyto-
plasm is transformed by essential oils introduced into
the cell and eventually it leads to cell death (Nazzaro
et al., 2013). In addition, essential oil is known to
affect expression of pathogenic factors (biofilm, spore
formation and mating) by acting on a quorum sensing
system, which plays an important role in the inter-
action between bacteria (Bouyahya et al., 2017). In
the case of gram-negative bacteria with high resist-
ance to hydrophobic molecules, it has been reported
that some hydrophobic compounds such as essential
oils can slowly pass through the porin protein present
in the cell wall (Plesiat and Nikaido, 1992; Bock and
Sawers, 1996). Based on these previous studies, fur-
ther studies are needed about additional mechanisms
for the gram-negative fish pathogens of essential oil
and three oxygenated terpenes obtained in this study.
In this study, we found a material that is selectively
applied only to a specific species among various fish
pathogens that are problems in aquaculture. Also, we
anticipate that this is a new eco-friendly material,
which can replace antibiotics that may act indis-

criminately and cause ecosystem disturbance.

4. CONCLUSION

The purpose of this study was to evaluate the possi-
bility of substituting essential oil, a natural product,
for antibiotics used to treat infectious fish diseases
caused by bacteria to compensate for side effects such
as the emergence of resistant strains, which have been
pointed out as a disadvantage of using antibiotics. We
evaluated antibacterial activity of the five essential oils
extracted from the leaves of pine family, and noticed
that 4. holophylla and P. thunbergii leaves essential
oils showed strong growth inhibitory effects against
gram-negative fish pathogens, E. farda and P.
damselae. As a result of analyzing the components of
these two essential oils by GC-MS, they mainly con-
sisted of monoterpene-based compounds, and the main
components were identified as (-)-bornyl acetate
(29.45%) and o-pinene (59.81%), repectively. In addi-
tion, we found three compounds: neryl acetate, (-)-bor-
neol, and (-)-carveol, which are oxygenated
monoterpenes. These compounds exist a very small
amount but exhibit the same efficacy as essential oils.
We expect that these findings will effectively control
gram-negative fish pathogens by utilizing essential oils
extracted from Pinaceae leaves, which are natural
sources. However, in order to increase the utilization
of essential oils, which are fat-soluble compounds, it
is considered that studies on formulations must be
conducted in advance. In addition, we anticipate that
it will contribute in part to solving the problem of oc-
currence of resistant strains in high density fish farm-
ing due to the use of antibiotics by adding essential

oils to feed additives, water quality improver, etc.
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APPENDIX

(Korean Version)

o9 Algol thd AubRw o ool PAF &3t

ZE ; off AP oF FAYY AAA Faf Wyt ofeh, AT EUAUCE YKl AAA Hddolth o Al
Aofstz] fal A&AQ1 YA Y] ARG FAg-o] SuE]7| wfRol, HA F2f 2] o] aqtErh £ dA-tolAl= AAIHA
A S Qs IAFEI 4T AP ARE I SGieh Ul &8k AU (dbies holophylla), 54
(Pinus thunbergii), 4335 (Pinus parviflora), % (Tsuga sieboldii), &)7|H|T}A U (Pinus rigitaeda)®] 0|4 hydro-
distillation ]2 ©0]-&38lo] ALES 2&dton, 223 8L ofF ANQl Edwardsiella tarda, Photobacterium damselae,
Streptococcus parauberis, Lactococcus garivieaeo] t)sto] &delS B71stgich 11 Ax, Avtel 34 9 A87t 13 &4
A9 E. tardash P, damselael] tafo] HPH22 73 7S UeRc, GCMS 24 27, A% 9 499 %8 Jue
(-)-bornyl acetate (29.45%), D-limonene (20.47%), camphene (11.73%)°]|11, &4 o A9 8 AE-2 o-pinene (59.81%) 2.2
247k ERIE| k. Tl u]go 2 2AHA|T A2 5L H5-S UElY= f8 AJE 2= oxygenated monoterpenes$] neryl
acetate, (-)bomeol, (-)-carveol®] A7l SHIE-S TLHBlsiTt. weba] 17t SO HAY) APFA I St ALpns)
% 9 A AR A7H, £48 Y9E 5 AETY AAR €8 3 4 3 AR AlmdEnh

LME

o¢] 7ol b whel I 7t Adishea i ABAto] ZRs ATk ey, AR Aol A ARl WAl T
FAAAS TR A et o] fie] 34 o 59 BAE WAL o= Qlaf o Altel High A4 WlErt
S71okAL, F-& FAtlA wEA Aol HEE7] tjEo] wefdt FAH £4do] of7| ArHOh ef al, 2006; Yan and Kim, 2013).

o]Zo|| W AlitA A= Xfo|7} AT, F2 Edwardsiella tarda®) 23} edwardsiellosis, Streptococcus parauberis 2}
Lactococcus garvieae®)| 2)3t streptococcosis7} 9101, 2|20+ Photobacterium damselae®] ]38} vibriosis 5ol 2|3t 737}
HuE3 QlthJee ef al, 2014; Kim et al., 2015). o5& G219 Alot/d WS frlste A A HEdo 2, At
e GAe &8, 55 A v 59 4ol Yehtal Axolle HAMR o]o]XIthHan ef al., 2006; Cho ef al., 2007;
Moon et al., 2009; Nho et al., 2009). Alt}7}, E. tardas 8153 G5 At o) 7at ofue IZAE FeEe] AW
SH5h= QlE 2 A (zoonosis) A2 UeA UthErfanmanesh e al., 2012; Hundenborn ef al., 2013; Hirai ef al.,
2015; Choksi and Dadani, 2017). ool AlHE-2 o Alte]l &3t AWE A& Eie HTOEHN, o7 AYES B2

= AAEFS 52)7] YAl AlRY Eof dAAIE Foj i (Markestad and Grave, 1997; Cabello, 2006). 121}, YA <]
A&HQ AT} BEHE @ - F8-2 YA #4579 28E 2id Hnt ohdel, 34 AEAY wgke o7& 7heAdol Atk
(Rhodes et al., 2000; Cabello, 2006). L2 &, o]2|3 A AMGOR QI3 HaL-S HAadlsla, oY A FHHOR
Aofer 4= = A G A FAYA A o] FEur QT Grenni ef al., 2017; Rossiter e al., 2017).

A ALY A= 2 Fo] U AEoIA EeE= 23 tiA B2 5 stUE, 718 FH Y U Ed=elth Afdle
SFAFSH Amorati et al., 2013; Salgado-Garciglia et al., 2018; Jeong et al., 2017), @2 Nazzaro ef al., 2017; D’agostino et
al., 2019), Ar2(Tripathi ef al., 2009; Ayvaz et al., 2010), &AN|4H(Bakkali e al., 2008; Nazzaro et al., 2013; Chouhan ef al.,
2017) 57} 5 choret AR fiso] Ik QkelA 9lom, A6o) AR EA A AEE 9 54 B olselAn
It Min ef al., 2017; Ahn et al., 2018). 2UH 1= A§ ko] =& x4 AER, 1 AL F& hydrocarbonsi}
oxygenated F=A|E Z35}= monoterpenes} sesquiterpenes % terpeneF2] FA ®EF SIHERE TLAE o] QltiKoukos
et al., 2000; Hong ef al., 2004). o|&gl s}322 makahe 2pmal H9s ofzutg|abul(Ali ef al., 2015), 4%(Yang ef
al., 2019), &AksKXie et al., 2015), 3u|AE(Chouhan ef al., 2017) 59 ThoFst Hoko A 8511 QltiAziz ef al., 2018).
53], 9EXE (phytoncide)Zil®e Eoj= LU i ohget 138 54 Aldtat 4 Alatoll skl A it 24s
UEPHCMohammed ef al., 2001; Lee et al., 2014).

BAHE XFshe AA=Y oA Aol st FAlt 4 A7 8=l Q) ok (Bulfon ef al.,, 2013; Park er al., 2016;
Cunha er al, 2018), 21453} &) %ol gt A5 AA7A el o gio w3 chpRe] A ARe Ro 22
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ol W 9] e vasta G, AE BA4S T8 8 AEe Astke Eelth 2y, Afele tdRt
g0l EEo] 971 whgol A JEe 2 Aol 7Fsdhe 57 TAsH, ofd Sl S d¥she $8 R
el tie A= mmig Aol

ool & AtollM= vkt HUER] Auti{dbies holophylla), ¥E(Pinus thunbergii), 33X F5Pinus parviflora), &4(Tsuga
sieboldii), 2|7 E|ckax - (Pinus rigitaeda) 9 732 oIR At tiet Al B4& F71shL, i Adus FEetaAt shitk
ol Fol, At o frel ARt o Al el Rt A ool oAk fofE 502 B8 The Al Ehlstardt sl

2. M= By

2.1, &2UE3} A2} Terpene A8 T F3HE

Agloll AFgT 5F0| U mE avpRalo] itk AU, B A lEITALE 9 94 24je] Tilse AEY
o4, &4 Qe ZAG AR AT AFReIA, 12T AT e SEEl A2 AT £ ATelA A
(-)-bornyl acetate (99%, product number: 45855), a-pinene (97%, product number: 80604), (-)-borneol (99%, product number:
15598), neryl acetate (97%, product number: 46015), ZL&] 11 (-)-carveol (98%, product number: 61370)-> 2% Sigma-aldrichof| 4]
TFUsH3AT

2.2. {9 ==

U, F4, AU, &4 271EITRUY YollA] hydro-distillation & o-85to] 22 A{E FE0130ct. 10 L 559
T2 Z2tadof A& 1 kgd FF5E 5-6 L A718Fth 352 heating mantle (Model: MS-DM608, Serial number: 201602,
Misung Scientific. Co. Ltd., Korea)o 4] 100 + 2°C &&= ZASZ, ¢ o|A A7t FE2E A &S fi7tA] A=At &3
A4+ anhydrous Na,S04(98.5%,Samchun,Korea)S ©]-&3F0] 4=50] A| A& 11, 0.45 um pore size minisart® syringe filter
(Reference number: 16555-K, Sartorius Stedim Biotech GmbH, Germany)E 0]-83}0] ojatx|gich ojatE A9 do] Ajgie|=
ZA Pol FAX 7, A5 QY 4 °C Y BHESGic

2.3, Al wiF =24

Edwardsiella tarda FP5060, Photobacterium damselae FP4101, Lactococcus garvieae FP5245, Z18|il Streptococcus
parauberis FP3287-& M5 3 4=Alulah] o] sjof=Ab g 2L9] 0 2 HE] BoF vkokom 25% glycerol stock & —40 “CojlA]
B 3E|9)t}, BHI agar= BHI agar= BHI broth (Bacto™ brain heart infusion, Product number: 237500, BD Biosciences Korea
Ltd., Korea)o]| 15 g/L agarg 75t ARE ). W5 HE Alot-S BHI agar plateol] F55}o] 28 °C vjef7|ollA] 24417k
wofstol wrel 2 ST thol 23S 4 mL BHI brotho] K% %, 250 pme] 27102 overnight HjkE] ek,

2.4, Paper disc diffusionS ©]-83t s+ H7}

BHI brothol| A ujoFst A5 Neo-D3117 UV-VIS spectrophotometer (NEOGEN Inc., Korea)S ©]-8-5}%] 600 nmof|A]
24 %32, optical density (0.D)7} 10] EEE A% THO.Dgeo = 1). Mueller hinton agar (Difco, Product number: 225250,
BD Biosciences Korea Ltd., Korea) plate®] %9}l s =7} 4% + 100 uLE HFF% &, glass spreaderS o]-&35to] 127
EE| Qi) HitH paper disc (ADVANTEC, Product number: 49005040, Toyo Roshi Kaisha, Ltd. Japan)& w57} =2
platec] F2}s}al, 7 Af M-S 5w FEAFHTE T 5, 28 °C uiFTIollA 297 i Fste] paper disc F9IE PAE=
o) 448 2450 FAS BrAssch

2.5, v W2 AURe} & ¢ AHe 9 SREY d4E Bt

Al A4S F718H7] Y3l CLSI M07-A92] microdilution method S W& slo] ARS-SIATE AU} T o A4, 121
el 3}eHE-2 dimethyl sulfoxide (DMSO, extra pure grade, Product number: 3047-4460, Duksan)o] 8-3[j=o] 212} 5% w=
(VW)E A2 Qom, A A7k 40°Coll BIFE|QITh A4 AL 35,2, 1, 18T 0.5% S5 3|42} 96-well polystyrene
microplate (Flat bottom well, Product number: 30096, SPL Life Sciences Co., Ltd., Pocheon, Korea)2] Z wello| BHI brothS
200 LA e E0E ARE 7 wello] 2 il Ajeich 1 F, Aert A€ 7} 0D = 0057} HES 7}
wellol| HE35}30.0m, 28 “CollA] 24 A7k vjokstth 24417k vljoF 3, Epoch microplate spectrophotometer (BioTek Instruments,
Inc., US)717|& ©]-&3to] 600 nmollA FFEE A, 79 tES Bkttt 22 ARE &-oigt DMSOE 1%
At FA 2 A2 tetracycline (HPLC grade, Product number: 87128, Sigma-Aldrich, Korea)& AME-3}3iT]
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2.6. Gas chromatography—mass spectrometry (GC—MS) £-4]

GC-MS £4& 5ato] Aupiel g Qo Re 25 440 o] E4H9lrt GC-MS £4& TriPlus™ 100 LS Liquid
Auto-sampler (Catalog number: IQLAAAGAAHFACMMBES), ISQ™ Series Single Quadrupole GC-MS System (Catalog
number: IQLAAAGAAJFALOMAYE)Z 4% TRACE™ 1310 Gas Chromatograph7} AF2-%|9) 00, B Thermo Fisher
Scientific A&t Thermo Fisher Scientific Solutions LLC, Korea). Column&VF-5MS (Silica, Z°] 60 m x Y7 0.25 mm
x L7 0.25 um, Agilent Technologies, Inc., US)7} AFE-EIQIt) o]5Ar 7|A2 dES 1 mL/min®] £=2 FFEHATE A
Al&E= 1 mL9] dichloromethane®] 4 uLE &31%%13, 1 uL = %1t Injection temperature= 250 *C2 A 23131, 1:209]
H]L-9] B8} 1 t(split mode)7} AFRE|QILh Oven %= 27] 50 'CE 587 A £, 10 ‘C/minS. & 65 ‘C7HA] Z7}E]glom
308 Zob 9xEQlth 1 &, 5 ‘C/mino.2 210 “C7HA] &7} AsE 9o, 105 Eot 9x]g 2k upAeo 2 20 ‘C/minl.2
231 325 "C7HA] 27t Z71E 9o, 1082 7F S =itk Flame ionization detector (FID)2] &%= 300 ‘C2 AA =11,
air flow+= 350 mL/min, hydrogen flow= 35 mL/min, 12|31l make-up gas (helium)2 40 mL/min®] £E2 AA =itk MS
data®= 35 - 550 amu HY 2| massEEI ionization modeo]|A] 0.2 sec/scan £EZ A&k

3= peak data S|4 match quality’} =& A& 1232 A¥EQ]Y, n-alkanes (Cs - Cy, Product number: 04071,
Sigma-Aldrich, Korea)E ©]-83}0] Kovats retention index (KI)E AAE it A4 KI GH-&National Institute of Standards
and Technology (NIST, US)2NIST Chemistry WebBook (Standard Reference Database Number 69)2} B W |3l o1, 1 2}o]7}
100 ¥kl 3}gHEo] HFHor AA= et

2.7, BAEA

DE AY Ave gd 9 325 A2 A A=A A A B4 (one way analysis of variance)= IBM® SPSS software
(Ver. 25.0; SPSS Inc., Chicago, Illinois, USA)E Al&3lo] q-oJn|st xjo]E L¥sh=t] AFEEglon, Fo)AL Tukey test
E+= paired-t-testo]] 2|3l 95% Al oA HoE it

off Rt auFa ARl Fd Bt
27]e|Tt AU QLo RRE] 253 7 4G9 82 2.99%, 0.93%, 0.08%, 0.15%,

= - A7} 23 paper discol 459] o' Alt=
297t @A FAEE B A718 Elste] AR Bt B FFE EIstirk(Table 1). Paper disc F9= P
L B2 Alsto] AbekA] Sstel AR ulel, MAAIgke] A7 dt 249 A7t FrkDjabou er al., 2013).

E. tarda°) tsto] AUl £ AR7E 42 215 mm, 21.0 mmE g9 @t BE UERon, T a0 R E4(16
mm), 2|7]HTaUR(13 mm) £O2 3t BIS BTk P damselae £, AUTe}F F& A97t 242 23.5 mm, 20.5 mm
A719] J2 AR Fdskalon, £3(13.25 mm), 2)7EchaH(11S5 mm), HSLHE mm) 02 gko] H7)7F W
A Al G L garvieaeo| it Ft A= E. tardadh P damselae] et YR Hov, 550 A F
AU Af7 1275 mmO2 v Afof vjs) b Aol &l UERth S, parauberiso] i3t w& Af7t 14.0 mm
7P a2 FAsHR O, YAl Az oF 10 mm 29 v|S:gh A7]9f Al Alghe FAsHSI Wb, s e
E. tardaS} S. parauberis©| Wsto] g B4 oottt o2t AAE Fotsto] Eoks w), AdubH o Ayl & 4
B7E o Aol distel o] At AoR HAEl o, 53] E tardadt P damselae) T3t AIFE0]glr.

9FA paper disc assay 23, 1% 34 A E tarda®t P damselae’= AUReL B8 9 Aqol tiste] w2 g4
LERE el sk 4 Ml L garvieaeS} S. parauberisi= AFHH R 7 Afol tisto] ZhAdo] SGtth(Table 1).
ofefl 4] oy Alatol thste] Mutrot 5 o Aol Fiol wE Y HekS WHSIITKFig. 1). E. tardac]] disto] AL
o AR 001% FEAM OF 5% S AL, 0.02% sEAN 1 Z3p7E FASHA F71sk] 100% AASH. 5&
ol A 0.01%, 0.02% =0l ZH2F OF 10%, 25%2] 74 9374 Ta7} Ueltom, 0.035% SEol4 100% TS = IrkFig.
LA). P damselaes= 0.02% ‘50| Aol 5 9 AfollAl FASHA o] AAIEOm, 22} 74%, 83%2] HIE HERict
E3E 0.035% FEO] AU o AR oF 93%, & o ARTE OF 81% S ASIATH(Fig. 1B). L. garvieaed] ‘44 ol=
Aot 3 o Aol dol nulstelthFig. 10). S. parauberis /478 E3E ZIS 9 Aol Slsiile ke WA @koL,
0.035% Fiof #& o Aol s Aol of 18% A|HGITH(Fig. 1D). ojef 22 Aol 5& o Af9 off Altel
et FAlE Qe @A Bad vp glow, duret 58 o ARl ol At tiEt e g ogE 9%t 2424
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7Fs/dE AT HolAl 9197t Qi

Uk o 7 A{o| FullE S92 I S AltEet 27 o Alatol diste] aurt 43t Ao dejA] lrk Trombetta
et al., 2005; Nazzaro et al., 2013). 13 ¥4 Ala-2 HELE O] 9F 90 - 95%7} peptidoglycan &2 o] 0{#] Qlom, A|LH
ol &= teichoic acid, lipotechoic acidso] £Aj3tcl. 1 B2 13 oFA AlF9] AlEHE AHQol 7+ ApAo] BEAES
HlaA A FIA7IH, AZHolut Al W9 cytoplasmol| 288 4> =S FreKTiwari er al,, 2009). W, 1% 34
Ao A2 T8 g Al ot §R peptidoglycan S 7HA|1L 1o, 717 HlZoli= outer membrane©] g+ 3 o EAgitt.
Outer membrane®] £A|3}= lipopolysaccharide= A9 FHo| hydrophilicdt EAE Hoid}lr7] wlFol, Aq &
hydrophobicgt E4of thate] Ag-& LeERl = 202 A QITH Vaara, 1992; Nikaido, 1994; Mann ef al., 2000). A8 &1-Lof|A]
© 2EREUE 229 407t 13 4 AR T3 oy AR A oldle] Bt Auksolel Bl ut 9 vi(Auneeruddy
Elalfi et al., 2015; Martucci et al., 2015; Bouazama ef al., 2017), Z259] ASG w3l 13k A Aol dste] B} de
FEoflA MIC X Yehll= a5 27} thAumeeruddy Elalfi ef al., 2015). 3+ AFANAE Citrus medicaZ R 8] 535t
AR5 ol-8oto] time-kill analysisE 423t A}, E colis Aol =29 A 4X7F Flof| Aol A2 A= G o, S awrens=
ot} o] 2 2A|7kgto] o] M= APEEIThAL HASIGITHLI er al, 2019).

du JHEAE, & AtolA AFE AU, 34, drlEdauy, &% 4 1 a4 28 A4 AL garvieae®}
S. parauberis) Bt} 13 24 NTHE. tarda®} P. damselae)ol] T|5}0] =& a4t &S UeElWt(Table 1). £3), A4 F 714
e A oA aaE vehd AuFel 34 A AR ol Aol E tarda®} P. damselae®] MIC w27t gQlE|§l o), g
¥ Altelle BE sEollil A7} ujulsiickFig. 1). ol2fdt il 7|20 Bad A Aujeles diRus A0, AuRe}
=& 9 AR 4 e 240l dasioh HE .

3.2, AUbRI] Shs 545 o 9 A9l CO-MS 24

U] 2l 5550 0N 2ET A9 GOMS B4 o) sl 240 HARTHTable 2). A3
AGo] Fq LA AHEEL g-pinene (36.58%), B-pinene (23.49%), D-limonene (18.99%)C.& BQIEQI, &4 o H{E
(-)-bornyl acetate (47.06%), a-pinene (12.03%), camphene (8.42%)7} 8 AEO 2 FlwSict 3l g7|EchayFE= B
-pinene (18.08%), a-pinene (8.19%)2] H|&o] &ttt

1224 Aol chstol AeiE o R ZJet ki SIS ekl AU} B4 Q) 90 T4 ARES thrio] monderpenc}
sesquiterpeneS 35l terpene A G Q) SletER A EQIcE AU o AG9 8 AE-L 227]2] monoterpene (79.82%)1}
7709] sesquiterpene (7.21%) AEo2 FAENY, T& o AF9 F2 AESZ 26719 monoterpene (80.94%)3} 9712
sesquiterpene (14.00%) Ad5-o] AZEHUTE AUE 9 A9 8 T4 AHEL (-)-bornyl acetate (29.45%), D-limonene (20.47%),
camphene (11.73%), a-pinene (6.08%) S22 ZRIE|UT T4 AU A-G+= a-pinene®] 59.81%2 714 =2 H|&-2 XA|5tEoH,
caryophyllene oxide (5.44%), D-limonene (4.34%), B-myrcene (4.24%)9] =02 ZA3}ct AUF o A2 34 A Aol
TE0 2 ZA5l= 3RS £ 17712 E21% %121, monoterpene ©] 127), sesquiterpene©] 57H= 1% Qict. olg|st A&
sof, & o)Al hydro-distillation© 2 23t & Aol 7P B2 HE&S AL §le A= 22 (-)-bornyl acetate®}
o-pineneZ BRI}t AU 9 4G9 F9 AHof tisle] t}E 354+ bicyclo [2.2.1] heptan-2-ol (28.05%), 83-carene
(13.85%), o-pinene (11.68%)2 A|2t5FAL; (Lee and Hong, 2009), E+= 3-carene (25.53%), a-pinene (17.55%), bornyl acetate
(16.22%) & F8 AEO=Z AF3aL ot (Kim ef al., 2016). 3 A7 E3L 2H-benzocyclohepten-2-one (34.33%), a-humulene
(19.59%), limonene (5.92%), caryophyllene (5.32%)¢] 58 AR o2 H 1Lt (Kim ef al, 2013). A{GE H|ES 255
Azzo] 9], 52k 471, 55 4, 35 A 229 A2 5 TRt $8 27150] Ofs) % 420] Hol7t At} (Tongmanchan
and Benjakul, 2014; Lingan, 2018). 1¥7] ufjizo]] Al 525 H E2|E= 33ta9] o7t WA=, HFH o8 J{E 15tk
24 vlgo] G A | Ao FHHE o3 At 23 AUt 7154 AR E8E7] feiAe AT 22
F2IL atE, A2l S Uelie AR ' £48 Bl 349 71E0] He A& AEo] A7 AAEolof gt

3.3. of'f Alatoll gt & 3t=9] A &4 B7t

HRE vRe A2 FEEAL R SRHE0] ZASH, o]0l 4T 71402 48stel el BHS tehl] e,
2 7148 ekl A5 ol ATHSutil ef al, 2016). T, BE AEOZ teld SEe] 2E%0] st AXFHH) G
ZAL7t ZA51, @3])7 ujEke] 3kgtEo] o5 1 dAlo] AHrl= A7} 9ltiChouhan ef al., 2017; Ham and Kim, 2019).

ol & Aok BRE T8l terpeneA|F T BpHE] et & BIHE APstglon, Ao Akt S
UERIE Welet 3 ARS FUIILA it Aol B4 o A4 GCMS B4 218 wEho.z, 1 Hol EAjsis
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(-)-bornyl acetate®} o-pinened 3E3Fs}o] thoFst terpene ¥ Y 3F5HE(0.05% &) 2] 3tE screening & Z3Y5}% th(Data
not shown). 1 A3}, AU} 44 o A8 SUSA E tarda®} P. damselae] YA AEHA 02 A A|8}= neryl acetate,
(-)-borneol, 18] 11 (-)-carveol ©]A} 371 2] monoterpene A|E 2] F& 3lgHEo] SR EITHFig. 2). E. tarda= A 3F3HEo| 93]
Y7} 68%, 75%, 12| 69% 7o) AA| 3L 1, positive control Q] tetracycline (0.005% k)0 2]} 77% A= A thFig.
2A). P. damselae ESt, A @A s3] Q3 212 55%, 70%, “1E]il 71% AAko] A= e, tetracyclined] oJajjA]=
17%5t 2% S chFig. 2B). ¥, Z13F A AlwtQl L garvieae$} S. parauberis®] /370l Al terpene A E S13HE9] ¢JgFo]
u|u)S} Tt L garvieae2- (-)-borneolol 2JaAHt 10%2] A% A4S H P oH, tetracyclineo] 2]3l 42% A= Ictk(Fig. 2C).
S. parauberis®] A o= BE 3I5HE0] A aitE YERA] 29k, positive control€l tetracyclineWt 81% A5} Th
(Fig. 2D). ©| 2|3t neryl acetate, (-)-borneol, “L2]3L (-)-carveol | &5 H7} Aits, 18 54 o Alatell tiste] dejdog
785 e Uetle AU 54 9 369 SolAd ans Agst] 913 712 ARE Al gt el 997t ik

Neryl acetate®} (-)-carveolS AU 9 ol Auk 21w, (-)-borneol> MRS} H& o Af RFolA HEE I
(Table 2). o]&]gt Atz oA AUFE o AR7E B& 9 ARED E tardao] dgh 374 A B} Hold @/l disto]
FiaAoz dyo] 7tsd ALz AlRHTh W, 7|eckau it Aol A= neryl acetate®} (-)-borneolo] HEE oL o
Alatol Bigh gt E/do] HoluhA] gtttk B Aftolli] S5 Yol E2Aste 485S 28T 43, 9 3HE 1ol AlUA]
27} ol ERlE ithHam and Kim, 2019; Kim ef al., 2016). o|2]3t AF52 v|Ro] HoLS wf, AUFel 54 I Af
3L neryl acetate, (-)-carveol, (-)-borneol¥} ThE 14 R ETHS] AR o] ofgt g2 9] Ab5 Blr} YER o, o] whet
2l et vinslel £ B B4S Yrhjie Aow 238,

(-)-Borneol#} (-)-carveolo] thgt A8 17 AT}, dHA|w(Knobloch ef al, 1989; Hammerschmidt et al., 1993; Tabanca et
al., 2001; Cha, 2007; Jung, 2009; Lopez-Romero et al., 2015; Guimaraes et al., 2019)¥1}t o}y2} 344 1H(Tabanca et al., 2001;
Hussain ef al., 2010) &3}7} thal &% 00, neryl acetate EJF A Eofo|A] BHAE = dX HAA nlEES BAS
ojAaieh L w315 Itk(Kotan er al, 2007). L2}, olejgt shaHEEe] o Algol that el WAE v} glov), ojsh g
A Apoas Fo R w2 Eoldl gt LAl diste] AT AAISHL AR Pt ol2dh AFAR v Hoks
o, 2 oL A= oxygenated monoterpene &2 TLE-E| &= neryl acetate, (-)-borneol ZL] 1L (-)-carveol & o]-83}o] AEizog
I 54 ol A AT AT & e 7S Ak Hiolth

Aukz o2 Aol ulAEo| 3t 7| AL A2} w}(Li ef al., 2014; Raeisi et al., 2015), 2 $-AA] AF4l(Diao ef al., 2014;
Yang et al., 2015), A|3Eute] =314 27K Lambert ef al., 2001; Hyldgaard ef al.,, 2012) 50| &#A glom, A YE=Z $U=
Aol ¢Jalf cytoplasmo] HE =L Aol Ala2 Apdo] fEETH(Nazzaro ef al., 2013). E3, Hf= Al 149 A5 2480
%83 e Sh= quorum sensing systemo]] 2+g5ted, WA QIXKHIe| 2B F, A} P4 i1 wrl)) o] IS A=
Ao & defA lthBouyahya ef al, 2017). 242 EAo]| tiste] =& AE Ad 27 54 Al 4%, cell walle]] Exsh=
porin TGRS Foto] ARt T2 A SRtEe] Y HHE] Fi & 4 Yokl HuE$ick(Plesiat and Nikaido, 1992;
Bock and Sawers, 1996). 0|23t A3) G715 vigto =z, B oA SR 459} 3714] oxygenated terpene] 13 34
oty Aol Wik #7142l 71d A77F BaT Ao dAdtHch 2 AFE 5ot Yol EAIZF His thet o Al
FolA B4 Folwt Aed o ALE= A5 dastglon, ol FadstA 2835t AuA nshE 4% 7ol e
FAAE HAT 5 e M2 A 20Ys Adtsl= otk
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A 73kE et o] F A9 A2 GCMSE F3f w4138 Aat, 322 monoterpene AH|E IFHER o]FolF o,
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