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Abstract In this study, the antibacterial activity of major compounds obtained from do-
mestic plant essential oils was investigated against four species of fish pathogenic bac-
teria, namely, Edwardsiella tarda, Vibrio harveyi, Streptococcus iniae, and Streptococcus
parauberis. We observed that a-terpineol and eucalyptol showed high antibacterial activ-
ity against S. iniae, whereas a-terpineol and [3-linalool showed high antibacterial activity
against S. parauberis. The antibacterial activity of eucalyptol and [3-linalool was sig-
nificantly high against E. tarda, and a-terpineol and [3-linalool exerted antibacterial activ-
ity against V. harveyi. All compounds showing significant antibacterial activity also ex-
hibited high solubility in water (=1,000 mg/L). In contrast, compounds such as a
-limonene and a-pinene with low water solubility showed significantly low antibacterial
activity against all bacteria. These findings can be utilized further to estimate the anti-
bacterial activity of compounds isolated from plant essential oils for the prevention of
fish disease.
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Figure 1. Chemical structures of the major volatile
compounds of plant essential oils. (A) Eucalytol, (B)
a-Limonene, (C) a-Terpineol, (D) Camphor, (E) a
-Pinene, (F) Estragole, (G) B-Linalool, (H) Geranyl
acetate.
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Table 1. Bacteria culture conditions

Bacterial Temperature Time

strains Media (C) (hr)
Edwardsiella  Brain heart
tarda infusion 37 48
Streptococcus ~ Brain heart 37 24
iniae infusion
Streptococcus ~ Brain heart 37 24
parauberis infusion
Vibrio Brain heart 30 24
harveyi infusion

4. 01 M|Z0fl CHEt 50% 4=

T8 B AE oSS S5 s A
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tration; MIC) 7ol YHk& o2 A}L-8-% = broth di-
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concen-

Table 2. Calculation of final sample treatment concentration

Treatment Sample  Media Final sample
sample volume  volume  concetration in
concetration(%) (uL) (uL) media (%)
20 1
10 0.5
5 0.25
2.5 0.125
1.25 0.0625
0.625 10 190 0.03125
0.3125 0.01563
0.1563 0.00781
0.0781 0.00391
0.0391 0.00195
0.0195 0.00098

Table 19 AAE HlFzAL] 59} A71HE<H o)
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Figure 2. Calculation process of 50% inhibition concentration
(ICsp) against bacterial strains.
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Figure 3. Anti-microbial effect measurement assay. (A) Disk
diffusion assay, (B) Broth dilution assay. *MIC is
minimum inhibitory concentration.
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Table 3. Anti-bacterial effects of the major volatile
compounds of plant essential oils against Gram
positive bacterial strains

ICso (%)
Compounds
S. parauberis S. iniae
Eucalyptol 0.0251 £ 0.004"  0.0022 + 0.000
Camphor 0.0161 £ 0.003 0.0035 £+ 0.000
a-Terpineol 0.0018 £+ 0.000 0.0019 £+ 0.000
B-Linalool 0.0059 + 0.001 0.0078 + 0.001
Geranyl acetate  0.0065 £ 0.001 0.0086 + 0.001
Estragole > 1 0.8919 + 0.052
a-Limonene > 1 > 1
a-Pinene 0.0765 £+ 0.005 0.0684 + 0.007
oTc? 0.00001° 0.00019

YValues are mean =+ standard deviation(n=3). 2OTC;
oxytetracycline (positive control). ®Value of OTC is
mean(n=3).

S. iniae®| W FHFEAHL S. parauberisol] T T
Ao} vl 7R 2 a-terpineol©] 0.0019%2] 1Cs, &%
O 2 7H &2 A0 E UEGTHTable 3). 0=
eucalyptol ¥} camphor”} ZH2} 0.0022% %} 0.0035%°]

ICs) o2 ThE &S0l vlsf ¢-53 2oz 81l
T Ah WA a-limonene 1% ©]49] ICs) o=
Aol AN TS WA dv2d-s e
A E35k Ao 2 YEGE O estragole?} a-pinene’ =
Z+7} 0.8919%9}F 0.0684% = & FHSAS B
o},

Jﬂ'

A8 YA Q] oxytetracycling(OTC)2] ICsy 4k S.
parauberis®} S. iniae®] W3 27 0.00001%<}
0.00019% FFo& Yetgon, F Al s 7}
A EAo] =A YERG a-terpineol®] AL
oTCel HIsl Z+2t 0.56%<}F 10.15% F<F°] AT, S.
iniae®l T+ SF&A oA a-terpineol®TFo] ol e}
eucalyptol?} camphor®] A% OTCY 8.62%%}
551% FEd< FdstAn

3. Gram 4 MiZol CHgt S=EA

E. tarda®l] 3t 432 eucalyptol?} B-linalool
] 0.0242%9] ICsy # o2 Th2 AEEol vldl =2
Aoz Yelhgth USE  geranyl acetate’}
0.0266%2] ICs) FESZ E. tardad) T3 -3
2S5 RAFATHTable 4). ¥HH, a-limonene2 1% ©]
&el 1Cs o2 Aol AAHE s=He] WolA
G4 S e A £ o1, a-pinene= 0.5099%
=1 ICsp %}\-Oi 1)—0 5]——?,’—%/H q_ﬂ_k}l\q.
Table 4. Anti-bacterial effects of the major volatile

compounds of plant essential oils against Gram
negative bacterial strains

ICso (%)
Compounds
E. tarda V. harveyi
Eucalyptol 0.0242 + 0.002"  0.0493 + 0.003
Camphor 0.0562 + 0.008 0.0504 = 0.008
a-Terpineol 0.0448 + 0.006 0.0279 + 0.002
B-Linalool 0.0242 £+ 0.003 0.0347 + 0.005
Geranyl acetate  0.0266 + 0.004 0.0381 £+ 0.007
Estragole 0.1930 £ 0.012 > 1
a-Limonene > 1 > 1
a-Pinene 0.5099 + 0.039 0.4218 + 0.027
oTc? 0.00003” 0.00001

DValues are mean + standard deviation(n=3). 2OTC;
oxytetracycline (positive control). *Value of OTC is
mean(n=3).

V. harveyioll thdt &4 54 AFoAE= a
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W% a-terpineol®] A4S OTCE] 0.04% F=°] AT
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of gt +8 A Ao Fa&A ol Gram 53¢
E. tardaS} V. harveyiol t$t A4S EY =4
Pttt AW 02 Gram YA Al AlEEe]
Zo| A FH o2 F7 & peptidoglycan T 7}A|
A gt lipopolysaccharide”} EA) 3+ &2 2™, Gram &
/\(—)] /\-]]-EL_Q] /\-"SIEH— Tx oﬂ/(-] = /\]-1:]];(4 oz ol:,# pep-
tidoglycan <3} 34| lipopolysaccharide”} 33+ <]
o] A3k Aol & 7HXIT o] 2%k Al ute]

=7 Aol BTYRE IS A Foe o
F2 A A0, B AT AgE AR AR
Gram %4 A EH%H &4 AR B2 A
©® et
4. 3% MEo| B SHEO WHE FZEY
oy Aol BE BHo] HE ANF EE A
HAE /Ao Bo EHxel 54 gk v
W, 4R Hfe] Fo 4RSS JJEH O ol
3 Asko] e g4 JROE BRIE 4Rl
A sHe vl o] k. nhebd oy Aol o g
FEAL LR AsAE 9 £2 o)l B

e gslil=7F HastA Ao

Table 50l A AIE 213 o] A+ thd AF A&
% a-terpineol®] 7,100 mg/Le] Eol tigh &3 ==
7 Aol =& Ao ZE YERE oM, eucalyptol,
camphor, B-linalool, geranyl acetate”} 1,000 mg/L ©]
2] Eoll g &l =E 7= AE0E 1A
Tk WEH, o Algtol] thet FEA o] B Ao w

Skl = estragoleﬂr a-limonene, a-pinene 5 4 TH &
2 9o I =E el wet grdAdol B
H X &= jl?_LCLE/H 283 Ao 7 Aoy Q)

tlo o da

Table S. Solubilities in water of the major volatile compounds
of plant essential oils

Solubility in water

Compounds Class (mg/L)
Eucalyptol monoterpenoid 3,500
Camphor monoterpenoid 1,600
a-Terpineol monoterpenoid 7,100
[3-Linalool monoterpenoid 1,590
Geranyl acetate  monoterpenoid > 1,000
Estragole phenylpropenoid 178
a-Limonene monoterpene 7.6
a-Pinene monoterpene 2.5

Eucalyptol> FZHF 22
(rosemary) 9} 22 ’5‘111’51‘% 2 Aol FEE
2 deA lon, g g E =
gAY EAE S YEbH, Il A4 A&
ol& Folu = 59 AFY FR AHAESE K
F) 2 9ItH2,24,25]. Camphor= U] 21 & Fol|A 7
Toluy FHz 5 =33 A Ee A
Hol = Ao YA o, FAA Wl
i3t e BAES UEbd AEE ateo] 3 A
O Z HYFET JQTH2,26,27]. a-Terpineol> EFY
(thyme) == W g 2L Thymuss s1H 2 E A
ol Fo ARCEA Lo &5, ¥3°] 5 o
& A=l s FE S UElE ZoE B
531 9)tH[28,29]. B-Linalool 2}l (lavender) 7
fr Ao F8 ARog2A ol edllA] 9 2
Citrus & 2= Aol BHAAsHA A, o2
A ml A=l gk FdE Aol ATEHI AT
[29-31]. Geranyl acetate @& 12} 2~(lemongrass)<}t

2 A% PRl FHEC] Y Yol 3% B

B HAA AT e FEA So] HuET Q)
TH32].

ANAH O 2 Figure 19 AAE 2F ZEo] 2
z¢ o] FAS JHAA S hydroxyl

group(-OH)©] U acetate group= X 33t= 749l A
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