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The Bactericidal Effect of Essential Oils in Vietnam to
Vibrio parahaemolyticus Causing AHPND in Shrimp

Phuong Hong Lam'-2, Mai Thi Le"%, Anh Van Thi Le"?, Dung My Thi Dang"?,
Chien Mau Dang"? and Ngan Nguyen Le"?*

ABSTRACT

Ocimum gratissimum (clove basil), Cymbopogon citratus (lemongrass), and Mentha arvensis
(corn mint) are common Vietnamese herbs with great antibacterial activity. This study was conducted
to showcase the feasibility of utilizing these herbs for disease management in aquaculture, shrimp
farming in particular. Firstly, these herbs’ components were identified by gas chromatography-mass
spectrometry (GC-MS). Their antimicrobial activity was then assessed against three strains of Vibrio
parahaemolyticus causing acute hepatopancreatic necrosis disease (AHPND) in shrimp with three colony
types on CHROMagar Vibrio by the disc diffusion method, and the minimum inhibitory concentration
(MIC) values were determined. The results showed that the three studied bacterial strains were sensitive
to three tested essential oils. VE1 strain, which formed type 1 colony on CHROMagar Vibrio, was the
most sensitive to corn mint, lemongrass and clove basil essential oils with MIC values of 0.16%, 0.08%,
and 0.08% (v/v), respectively. Meanwhile, MIC values of the aforementioned essential oils in the strains
forming type 2 and 3 colonies (VE2 and VE3) were 0.32%, 0.08%, and 0.16% (v/v), respectively. These
results indicate a potential application of lemongrass, corn mint and clove basil essential oils in AHPND
disease control in shrimp. In order to increase the applicability of these essential oils, further studies on
their synthesis in micro-emulsions and evaluation of their effectiveness should be carried out.

Keywords: Antibacterial activity, Clove basil, Corn mint, Lemongrass, Minimum inhibitory concentration,
Vibrio parahaemolyticus

INTRODUCTION

Essential oils are volatile secondary
metabolites of plants (Souza et al., 2019). Essential
oils extracted from herbs have many outstanding
uses due to their antibacterial (Cazella et al., 2019;
Man et al., 2019; Alvarez-Martinez et al., 2021),
antifungal (Hu et al., 2019; Piras et al., 2019; Filho
et al., 2021), antioxidant (Pateiro et al., 2018; Diniz
do Nascimento ef al., 2020), and anti-inflammatory
properties (Ogunwande et al., 2019; Gairola et al.,
2021), but are safe for health (Mittal ef al., 2018;
Kumar ef al., 2020). Therefore, essential oils have
been widely used in food, pharmaceuticals, hygiene,

and cleaning products (Pateiro ef al., 2018; Hu
et al.,2019; Kumar et al., 2020). Most herbal
essential oils (e.g., clove, oregano, thyme, basil,
mustard, cinnamon) and their biologically active
substances, such as eugenol, citral, linalool, thymol,
carvacrol, and limonene are recognized as safe
(GRAS) by the U.S. Food and Drug Administration
(FDA) (Kumar et al., 2020). The antimicrobial
activity of essential oils is one of their most
remarkable biological properties. It is effective
against many bacterial strains that cause diseases in
humans and animals, especially multidrug-resistant
bacteria (Man et al., 2019; Nabti et al., 2020) such
as Streptococcus sp. (Li et al., 2019; Shanaida et al.,
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2021; Nabila et al., 2022), Aeromonas hydrophila
(Majolo et al., 2019; Assane et al., 2020; Monteiro
et al.,2020), Escherichia coli (Yuan et al., 2018;
Liet al., 2019; Nabti et al., 2020; Shanaida et al.,
2021), Staphylococcus aureus (Shanaida et al., 2021,
Nabila et al., 2022), and Enterococcus faecalis
(Shanaida et al., 2021). The bactericidal ability of
essential oils has been found to be related to the
presence of several biologically active substances
such as thymol, eugenol, p-cymene, y-terpinene, and
carvacrol (Pateiro et al., 2018; Melo et al., 2019).

Ocimum gratissimum (clove basil) is a
medicinal plant in Family Lamiaceae, widespread
in Asia and Africa (Melo et al., 2019). The main
components in clove basil essential oil include
eugenol, D-germacrene, 3-ocimene, and caryophyllene
(Melo et al., 2019; Ashokkumar et al., 2020).
Cymbopogon citratus, commonly known as
lemongrass, is an herb of the Poaceae family
(Yadav et al., 2019), and grows in sunny conditions
of the tropics and subtropics (Yadav et al., 2019;
Shendurse et al., 2021). The primary chemical
component of lemongrass essential oil is citral, and
it contains many other compounds such as geraniol,
limonene, geranyl acetate, estragole, methyl eugenol,
citronellal, linalool, and terpinolene (Peichel et al.,
2019; Yadav et al., 2019; Shendurse et al., 2021).
Mentha arvensis (corn mint) is a native plant species
in Asia. The essential oil extracted from corn mint
has the main components of menthol, methone,
thioxanthone (Haydari et al., 2019; Irkin et al., 2021),
methyl acetate, and limonene (Manh and Tuyet,
2020). The proportions of essential oil components
may differ among different geographical regions or
climates (Sanli and Karadogan, 2017). However,
essential oils and plant extracts from the plants
mentioned above still have some main effects,
including antibacterial, anti-fungal, anti-inflammatory,
analgesic, antipyretic, and antidepressant (Githaiga
et al., 2018; Haydari et al., 2019; Peichel et al., 2019;
Yadav et al., 2019; Chagas et al., 2020; Shendurse
etal.,2021; Ugbogu ef al., 2021). In particular,
their antibacterial activity has been widely studied
and showed positive results against some gram-
negative and gram-positive bacteria (Githaiga
et al.,2018; Peichel et al., 2019; Yadav et al., 2019;
Shendurse et al., 2021).

Vibrio parahaemolyticus is a gram-negative
bacteria of the Vibrio family, found in estuaries
and marine environments (Changchai and Saunjit,
2014). In particular, Vibrio parahaemolyticus
carrying the virulence gene PirABVP causes acute
hepatopancreatic necrosis disease (AHPND) in
shrimp, which has caused significant economic
losses (Zheng et al., 2020). Some strategies to
restrict this disease in shrimp have been studied;
among these efforts, herbal essential oils have
been tested for their ability to eliminate bacteria
and prevent this disease from occurring in shrimp,
with some positive results (Jha et al., 2016; Bakar
et al., 2019). The present study evaluated the
antibacterial activity of essential oils extracted from
three popular herbs grown in Vietnam, namely
corn mint, lemongrass, and clove basil, on three
strains of Vibrio parahaemolyticus causing AHPND
with different colony appearance on CHROMagar
Vibrio medium (CHROMagar, France). Besides
contributing more data on the chemical compositions
of these three essential oils, the results indicate their
bactericidal activity against Vibrio parahaemolyticus
causing AHPND. These findings are the basis for
developing solutions using herbal essential oils as
an alternative to antibiotics to prevent this disease
in shrimp.

MATERIALS AND METHODS

Materials

Bacterial strains: the bacterium used in
this research was Vibrio parahaemolyticus causing
AHPND in shrimp, and formed three different colony
types on CHROMagar Vibrio medium, namely VE1,
VE2, and VE3. For VEI1 (Type 1), colonies were
round with a smooth edge and surface and a diameter
of 2-3 mm (Figure la). Colonies were purple in
the center, and the remaining periphery was milky.
For VE2 (Type 2), colonies were round, 3-3.5 mm
in diameter and dark purple (Figure 1b). The border
and surface of the colonies were smooth. For VE3
(Type 3), colonies were round, purple-pink in color
with a diameter of 3-3.5 mm. The edge and surface
of the colonies were smooth (Figure 1c). Three
bacterial strains were collected from diseased shrimp
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in several southwest provinces in Vietnam between
2015 and 2017. They were stored in tryptone soya
broth with the supplement of 2.5% NaCl and 20%
glycerol at -20 °C. Bacterial strains were confirmed
as Vibrio parahaemolyticus causing AHPND by
detecting the presence of the #/4 gene (gene specific
for Vibrio parahaemolyticus species) (Adila et al.,
2018) and PirAVP gene (virulence gene related
to AHPND) (OIE, 2019). The confirmation was
implemented by real-time PCR (real-time polymerase
chain reaction) method with primers and probe for
tlh and PirAVP gene described, respectively, by
Sun et al. (2014) and OIE (2019). The real-time
PCR mixture and the thermal cycling program
were conducted following the protocol of Platinum
Quantitative PCR SuperMix-UDG (Invitrogen).

Essential oils (EOs): the three studied
essential oils were Ocimum gratissimum (clove basil),
Mentha arvensis (corn mint), and Cymbopogon
citratus (lemongrass). Essential oils were purchased
from a local essential oil distillery in Vietnam
and analyzed for chemical composition by gas
chromatography-mass spectrometry (GC-MS).
The instrument used for analysis was Agilent 5977B
GC/MSD with HP-5ms capillary GC column
(Agilent), with the stationary phase of 5% diphenyl
95% dimethyl polysiloxane and the mobile phase
of helium gas.

Bacterial culture medium: Tryptone soya
agar (HiMedia, India) supplemented with 2.5%
NaCl (TSA); Tryptone soya broth (HiMedia, India)
supplemented with 2.5% NaCl (TSB), CHROMagar
Vibrio (CHROMagar, France) (CV); Thiosulfate
citrate bile sucrose (HiMedia, India) (TCBS); and
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Mueller Hinton agar (HiMedia, India) supplemented
with 2.5% NaCl (MH).

Antibacterial activity

The antibacterial activity of the three
essential oils tested against three strains of Vibrio
parahaemolyticus was evaluated by the disc diffusion
method described by Nabti et al. (2020) with some
modifications. A bacterial suspension of each test
strain with a concentration of 10° CFU-mL"! was
spread evenly onto the surface of an MH agar plate.
Subsequently, sterile filter paper discs (6 mm in
diameter) containing 10 pL samples of essential
oil at different dilution ratios in dimethyl sulfoxide
(DMSO) of 50% and 25% (v/v) were placed on the
agar surface. Sterile paper discs containing DMSO
or doxycycline (30 pg) were considered negative
and positive controls, respectively. These plates
were incubated at 37 °C for 24 h. The diameter of
the inhibition zone was measured in millimeters
(mm). The experiment was conducted in triplicate;
the recorded data were expressed as Mean+SD;
data analyses were conducted using the one-way
ANOVA followed by Tukey’s test to compare the
means; the difference was significant when p<0.05.

Determination of minimum inhibitory concentration
(MIC) of the three essential oils against Vibrio
parahaemolyticus causing AHPND

The MIC values of the three essential oils
tested against the three Vibrio parahaemolyticus
strains were determined by the agar dilution method
(Vu et al., 2021) whereby 0.5% Tween-20 was
added to the MH medium after being sterilized by

Figure 1. Three colony types of Vibrio parahaemolyticus grown on CHROMagar Vibrio: (a) VEI; (b) VE2; (c) VE3.
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autoclave to increase the solubility of essential oils.
Then the essential oil concentrations were mixed into
the MH medium with a half-dilution test range from
0.32% to 0.01% (v/v). Subsequently, 5 uL of each
bacterial concentration (10°, 10° and 10* CFU-mL™")
was added to each plate in three replicates. Bacterial
growth was assessed after 1824 h incubation at 37 °C.

RESULTS AND DISCUSSION

Chemical composition of essential oils tested by
GC-MS method

The main component of the essential oil
extracted from lemongrass was citral (70%). Other
components accounted for a smaller proportion,
including geraniol (3.21%), caryophyllene (3.16%),
caryophyllene oxide (3.03%), B-myrcene (3.59%),
a~gurjunene (1.24%), linalool (1.67%), and sulcatone
(1.39%), along with some other minor components
(Figure 2). According to Sharma et al., 2021, citral
was one of the primary components of the essential
oil extracted from lemongrass, with a concentration
of approximately 65-85%. It was a mixture of neral
and geranial (which are monoterpene aldehydes),
with an odor similar to lemon. Citral in essential
oils has been shown to have antibacterial, antifungal,
and antiparasitic properties (Tamer et al., 2019).
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Majewska et al. (2019) also reported similar results
from analyzing the composition of lemongrass
essential oil. The results indicated that citral was the
main component, followed by myrcene (accounting
for 0.8-20%, varying by geographical region),
geraniol (greater than 1%), and B-caryophyllene
(0.1-2.46%) (Majewska et al., 2019).

The main components of corn mint were
levomenthol (70.33%), menthone (17.70%), pulegone
(2.46%), D-limonene (1.38%), 3-octanol (1.04%),
and pinene (1.70%) (Figure 3). This result was
similar to the results recorded by Manh and Tuyet
(2020), who also analyzed the composition of corn
mint harvested in Vietnam. Their research indicated
that menthol was the main ingredient (accounting
for about 66%), followed by methone and its isomers
(about 4%), B-pinene, and limonene (Manh and Tuyet,
2020). Other studies also determined that the main
components in corn mint were menthol (53-70%),
and menthone. These two main components are
called menthol mint (Chagas et al., 2020; Soltanbeigi
etal., 2021).

The main components of clove basil
essential oil included eugenol (42.1%), caryophyllene
(31.96%), methyl eugenol (6.63%), humulene
(4.36%), a-copaene (3.35%), a-pinene (2%),
caryophyllene oxide (2.0%) and 3-carene (1.97%)
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Figure 2. GC-MS chromatogram of lemongrass essential oil.
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(Figure 4). According to Monteiro et al. (2020),
eugenol (43.3%), 1,8-cineole (28.2%) and B-selinene
(5.5%) were the main components in Ocimum
gratissimum essential oil. Similar results were
found in other studies (Melo et al., 2019; Dung
et al.,2021), in which eugenol was shown to be
the major component in O. gratissimum essential
oil, accounting for about 65-75%, followed by
other components such as caryophyllene and
ocimene.

Essential oils are derived from the
metabolism of plants; like in any living organism,
their metabolism is influenced by many factors
(Shanaida et al., 2021). Therefore, various factors
such as harvest time, geographical origin, agro-
climatic zones (Li ef al., 2019), pathogen attack
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can significantly alter the composition of essential
oils through interference in secondary plant
metabolism (Shanaida ef al., 2021). The oil
compounds present considerably influence the
antimicrobial activity of the essential oil, and
each component has a specific ability to disrupt or
penetrate the bacterial structure (Monteiro et al.,
2020). Citral, eugenol, menthol, caryophyllene,
pinene, and limonene are biologically active
substances with antibacterial properties (El Atki
et al.,2019; Tamer et al., 2019; Ugbogu et al.,
2021). Therefore, studying the composition of
the experimental essential oils is the basis for
evaluating and interpreting their bactericidal effect
on the experimental bacterial strains in the following
stages of this research.
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Figure 3. GC-MS chromatogram of corn mint essential oil.
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Figure 4. GC-MS chromatogram of clove basil essential oil.

Antibacterial activity of three experimental essential
oils to Vibrio parahaemolyticus causing AHPND

Real-time PCR results indicated that
three different colony-forming bacterial strains on
CHROMagar Vibrio contained the #/4 gene and the
PirAVP gene (Figure 5). Therefore, the strains
(VE1, VE2, and VE3) were confirmed to be Vibrio
parahaemolyticus causing AHPND in shrimp.

The experimental results on antibacterial
activity of three essential oils (lemongrass, corn
mint and clove basil) against three strains of Vibrio

parahaemolyticus causing AHPND are shown in
Table 1 and Figure 6.

The results showed that the three Vibrio
parahaemolyticus strains were sensitive to the
experimental essential oils. In particular, corn
mint at the concentration of 50% had stronger
bactericidal ability against the VE1 strain than VE2
and VE3, shown by the significantly larger inhibition
zone diameter of this oil with VE1 (24.33+0.58 mm)
than with VE2 (21.00+1.00 mm) and VE3 (20.67+
0.58 mm). The bactericidal effects of lemongrass
and clove basil essential oils were similar against

Table 1. Inhibition zones of three experimental essential oils against three strains of Vibrio parahaemolyticus

causing AHPND.
Corn mint essential oil Lemongrass essential oil Clove basil essential oil Doxycycline
50% 25% 50% 25% 50% 25%
VE1  24.33+0.58%  10.67+0.58*  29.33£2.08"  16.67+0.58""  30.33£0.58%  16.33+0.58*"  31.67+0.58"
VE2  21.00+1.00%  9.67+0.58*  30.00£1.00**  21.33+0.58%  31.00£1.00*  17.67+0.584°  31.33+0.58"
VE3  20.67+0.58%  9.67+0.58*  29.67+0.58*¢  22.00+1.00°  30.00£1.00*!  17.00£1.00*"  29.00+2.644¢

Note: Means+SD in the same column superscripted with different uppercase letters are significantly different (p<0.05); different
lowercase superscripts indicate significant difference (p<0.05) between means in the same row.
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Figure 5. Real-time PCR amplification plots for PirAVP gene (a) and #/h gene (b) in three bacterial strains.

Figure 6. The inhibition zone of corn mint essential oil for three Vibrio parahaemolyticus strains.

the three bacterial strains, with the exception of
lemongrass at 25%, which showed a larger inhibition
zone against VE2 and VE3 than against VE1.
Also, lemongrass and clove basil essential oils
at the concentration of 50% (v/v) showed the
same inhibition zone diameter as doxycycline, the
positive control. In contrast, the inhibition zone
diameter of corn mint against all three bacterial
strains was smaller than doxycycline; the difference
was significant (p<<0.05) (Table 1). According to

Muralidharan and Deecaraman (2019), the inhibition
diameter of doxycycline (30 pg) against Vibrio
parahaemolyticus strains that were isolated from
several fin fishes in Chennai, India, was about 31-
35 mm. The authors concluded that the isolated
bacterial strains were sensitive to doxycycline.
Furthermore, other research also indicated that if
a Vibrio sp. strain had an inhibition zone diameter
from doxycycline of more than 14 mm, this strain
was sensitive to doxycycline (Ervia ef al., 2021).
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The MIC values for corn mint, lemongrass
and clove basil essential oils against the three strains
of Vibrio parahaemolyticus are shown in Table 2.

Results showed that VE1 was the most
sensitive of the three bacterial strains to the essential
oils tested in this experiment, based on the lower
MIC values for all three essential oils. Furthermore,
VEI was more sensitive to lemongrass and clove
basil essential oils than to corn mint. The corn
mint, lemongrass and clove basil essential oils had
similar inhibition activity against the VE2 and VE3
strains. The MIC values of corn mint, lemongrass,

and clove basil were 0.32%, 0.08%, and 0.16%,
respectively (Figure 7). Among the three essential
oils, lemongrass showed the greatest bactericidal
ability against the experimental bacterial strains.

Several other researchers have evaluated
the antibacterial ability of various essential oils on
Vibrio parahaemolyticus, and some of their results
are similar to those of our experiments. According
to Zheng et al. (2020), essential oils extracted
from Melaleuca alternifolia, Litsea citrata, and
Eucalyptus citriodora species could completely
inhibit Vibrio parahaemolyticus at a concentration of

Table 2. MIC values of corn mint, lemongrass and clove basil essential oils against three tested strains of Vibrio

parahaemolyticus causing AHPND.

Bacterial strain Corn mint essential oil

Lemongrass essential oil

Clove basil essential oil

(%o vIV) (%o vIV) (Y% vIv)
VE1 0.16 0.08 0.08
VE2 0.32 0.08 0.16
VE3 0.32 0.08 0.16
Control 0.04% 0.08% 0.16% 0.32%

Figure 7. Minimum inhibitory concentration (at top of figure) of three essential oils against the VE3 strain: (a) corn
mint essential oil; (b) lemongrass essential oil; (c) clove basil essential oil; from left to right on each plate,
the bacterial suspension concentrations were 104, 10°, and 10° CFU-mL"".
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0.01%. Litsea citrata had the primary components
of citral and limonene (Oro et al., 2020). Also,
a-pinene, y-terpinene, terpinen-4-ol, limonene, and
o-cymene were identified as the major constituents
of essential oil extracted from M. alternifolia (Sevik
et al.,2021). Shanaida et al. (2021) reported that
the essential oil from Melissa officinalis L. could
inhibit the growth of Vibrio parahaemolyticus at
a concentration of 0.1%. The major components
of the M. officinalis essential oil were citronellol
and geraniol (Shanaida ef al., 2021).

The antibacterial activity mechanism
of an essential oil is determined by its chemical
composition (Assane ef al., 2020). In our
experiment, citral was the main ingredient in
lemongrass essential oil. Citral is a monoterpene
found in many herbs, plants, and citrus fruits (Lu
et al., 2018), with antibacterial and antifungal
properties (Lu et al., 2018). Several studies have
indicated that citral plays a vital role in the
antibacterial activity of essential oils, where it is
a major component (Lu ef al., 2018; Zhang et al.,
2020). Citral causes damage and cell disruption to
Stenotrophomonas maltophilia, a gram-negative
drug-resistant bacteria (Zhang et al., 2020).

The main constituents of the corn mint
used in our experiment were menthol (70.33%)
and menthone (17.70%). Menthol is a local anti-
inflammatory agent with antibacterial action through
undifferentiated disruption of bacterial cells (Lykov
et al.,2022). Martinez-Pabon and Ortega-Cuadros
(2020) reported that menthol had good antibacterial
properties against Candida albicans, Escherichia
coli, and Streptococcus mutans. The lipophilicity
allows menthol to move through the aqueous
extracellular medium and interact with phospholipid
membranes, causing damage to this structure and
even inducing permeation and leakage of the
internal material in cells. These effects lead to the
destabilization of microorganisms (Martinez-Pabon
and Ortega-Cuadros, 2020). Eugenol was the main
component of clove basil essential oil, and has also
been reported to have vigorous antibacterial activity
(Majolo et al., 2019). The antibacterial mechanism
of eugenol involves the rapid inhibition of the
energy metabolism of bacteria (Monteiro et al.,
2020).

Each chemical component has a specific
ability to disrupt or penetrate the bacterial structure
(Monteiro et al., 2020), leading to different
bactericidal activities. For example, comparing the
bactericidal ability of citral (terpenoid aldehyde),
linalool (terpenoid alcohol), phenolic terpenoid
(thymol and carvacrol), and terpene hydrocarbon,
the results show that phenolic terpenoids and
aldehydes have more potent antibacterial activity
than terpenoid alcohol and terpene hydrocarbons.
The reason is that phenolic terpenoids and aldehydes
have strong hydrophobicity (Yuan ef al., 2018) and
the presence of highly reactive hydroxyl or acrolein
functional groups.

Besides the primary components, other
ingredients in essential oils also have bactericidal
effect, such as linalool, limonene, pinene, terpinene,
etc. Linalool produces an antibacterial effect by
disrupting the cell membranes of bacteria (An et al.,
2021; Shanaida et al., 2021). Limonene possesses
antibacterial, antifungal, and antioxidant activities.
Linalyl acetate exhibits antibacterial and antiviral
properties (Li et al., 2019). The compounds
a-terpineol, a-terpinyl acetate, and methyl eugenol
also have strong antibacterial activity (Fidan et al.,
2019; Shanaida ef al., 2021), while p-cymene,
limonene, terpinene, sabinene, and pinene are more
bactericidal against gram-positive bacteria than
gram-negative bacteria. The presence of chemical
components in each essential oil has a synergistic
effect on increasing the bioactivity of the essential
oil (Li et al., 2019). These factors help explain
why the three tested essential oils had a bactericidal
effect on the three strains of Vibrio parahaemolyticus
causing AHPND and the difference in the inhibition
zone diameter and MIC value of each essential oil
for each tested bacterial strain.

The results indicated that the three essential
oils of corn mint, clove basil, and lemongrass had
an effective antibacterial activity on all three strains
of Vibrio parahaemolyticus causing AHPND with
different colony appearance in CHROMagar Vibrio.
Several other studies have reported that these herbal
essential oils could stimulate the immune system and
reduce stress in aquatic animals. These promising
results show the potential to use essential oils to
prevent diseases in shrimp more effectively and safely
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than by using other synthetic antibiotics, especially
in the juvenile stage. However, the disadvantages of
essential oils are that they are volatile, hydrophobic,
have low stability, and are easy to oxidize (Kumar
et al., 2020), making essential oils difficult to use
in practice. Essential oil-based micro-emulsions in
a transparent and soluble form can overcome these
drawbacks. Essential oils in micro-emulsions can be
easily mixed into feed and even be used to treat the
water in shrimp culture as with other disinfectants.
Therefore, further research is needed to synthesize
these essential oils into micro-emulsions and
evaluate their ability to prevent disease in shrimp
under experimental conditions. Such studies
suggest further assessments and perspectives on
the effectiveness of using essential oils in disease
prevention in shrimp before applying them in
practice.

CONCLUSION

This study was implemented to assess
the antimicrobial activity of three essential oils
extracted from Ocimum gratissimum (clove basil),
Cymbopogon citratus (lemongrass), and Mentha
arvensis (corn mint) on three strains of Vibrio
parahaemolyticus causing AHPND. The results
indicated that the three experimental essential oils
could inhibit the growth of the three bacterial strains,
and that the antibacterial activity of corn mint was
lower than the other two essential oils. Among the
three Vibrio parahaemolyticus strains, VE1 was the
most sensitive to these essential oils. MIC values
of corn mint, lemongrass, and clove basil for VEI
were 0.16%, 0.08% and 0.08% (v/v), respectively,
while MIC values for VE2 and VE3 were 0.32%,
0.08%, and 0.16% (v/v). The results show the
potential application of these three essential oils as
an alternative to antibiotics in preventing disease
in shrimp. However, essential oils are volatile, so
preserving and stabilizing their biological activities
is challenging. The synthesis of essential oils in
micro-emulsions makes them convenient to store
and increases their biological activity. Therefore,
the synthesis of essential oils in micro-emulsions
and the evaluation of disease prevention in shrimp
should be studied, which will allow for increasing
the applicability of essential oils in practice.
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