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In vitro and in vivo antibacterial activity of essential oils against
Vibrio scophthalmi isolated from farmed turbot Scophthalmus maxius
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Abstract: [Objective] To evaluate the antibacterial activity of essential oils against Vibrio
scophthalmi HZ-C1 isolated from farmed turbot Scophthalmus maxius in vitro and in vivo.
[Methods] The paper disc diffusion method and microbroth dilution technique were employed to
determine the antibacterial activity of 14 essential oils. Cell membrane disruption induced by Litsea
cubeba oil was examined by transmission electron microscopy (TEM), and by measuring the release
of intracellular lactate dehydrogenase (LDH) and 260 nm absorbing material. Meanwhile,
antibacterial activity of Litsea cubeba oil in vivo was investigated using a turbot model of vibriosis
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by intraperitoneal injection. [Results] The 14 essential oils showed different antibacterial activities
against V. scophthalmi HZ-C1, and cinnamaldehyde had the highest activity with a minimum
inhibitory concentration (MIC) of 0.25 pL/mL, followed by thymol, eugenol, citral and Litsea
cubeba oil with a MIC of 0.5 pL/mL. Litsea cubeba oil can disrupt the plasma membrane of V.
scophthalmi HZ-C1 and cause the leakage of protease and nucleic acid. After immersing in a bath
containing 200 uL/L Litsea cubeba oil, the mortality of turbots infected by V. scophthalmi was
reduced from 50% to 0. [Conclusion] Essential oils rich in aromatic aldehyde, phenolic compounds
and citral show high antibacterial activities against V. scophthalmi HZ-C1, and thus have the
potential to replace the use of antibiotics for treating vibriosis in farmed turbot.
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Table 1 Antibacterial activity of selected essential oils
(EOs) or components against V. scophthalmi HZ-C1

EOs or components Zone diameters (mm)

Cinnamaldehyde 27.5+2.2
Eugenol 15.9+1.8
Thymol 27.444.5
Cuminum cyminum 17.0+4.4
Citral 17.54£2.2
Cymbopogon citratus 15.4+4.9
Litsea cubeba 19.24+3.0
Mentha haplocalyx 8.2+0.4
Lllicium verum 8.0+0.7
Zanthoxylum bungeanum 6.9£0.2
Citrus sinensis 6.7+1.2
Citri pericarpium reticulatae 6.0+0.0
Citrus limon 6.0+0.0
Allium sativum 6.0+0.0
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Figure 1 Antibacterial Kkinetic curves of essential oils against V. scophthalmi HZ-C1
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Note: A: Cinnamylaldehyde; B: Eugenol; C: Thymol; D: Cuminum cyminum; E: Cymbopogon citratus; F: Citral,
G: Litsea cubeba.
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Figure 2 Transmission electron micrographs of V. scophthalmi HZ-C1 untreated cells (A) and after treatment with

Litsea cubeba oil (B)
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Fish cubeba oil treated V. scophthalmi HZ-C1 cells
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Cumulative mortality of turbot infected by V. scophthalmi HZ-C1 and after treatment in baths of Litsea cubeba oil

Grou Challenge dose Essential oil Number of dead fish after challenge VAP
p (CFU/fish) concentration (uL/L) 1d 5d 7d 10d 11d 12d 14d 16d 18d 20d ty (%
200 0 0 0 0 0 0 0 0 0 0 0
Control
2x10’ 200 0 0 0 0 0 0 0 0 0 0 0
Treated
2x10’ 0 0 0 1 1 0 1 0 2 0 0 50
Infected
B 5 XESFISEESRERNRARFSE
Figure 5 The external features and internal anatomy of turbots
A B C D V. scophthalmi HZ-C1 E F

@ ) ® @

Note: A, B are control turbot injected with physiological saline. C, D are clinical signs of turbot challenged with V. scophthalmi HZ-C1 strain.

E, F are clinical signs of ¥V scophthalmi-challenged turbot after treatment wtih Litsea cubeba oil. O: Spleen; @: Intestine; 3): Liver;
@: White intestinal contents.
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Bl6 KESTRFAE(A, C, E)RBFHE®B, D, PERYFE
Figure 6 Histological sections of liver (A, C, E) and intestine (B, D, F) of turbot

A B CcC D

V. scophthalmi HZ-C1 E F

Note: A, B are tissues of control turbot injected with physiological saline. C and D are tissues of turbot challenged with V. scophthalmi
HZ-C1 strain. E and F are tissues of V. scophthalmi-challenged turbot after treatment wtih Litsea cubeba oil.
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