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ABSTRACT. This study aimed to evaluate the potential of Lippia sidoides essential oil as a food additive for
Cyprinus carpio koi carp in improving the health parameters and resistance to infection by Aeromonas
hydrophila. A total of 312 carp were divided into groups. Twenty-four animals were in the lethal dose 50%
(LD50) test group. The remaining 288 were distributed in 24 experimental units (n = 12) divided into six
treatments-Lippiao.zsov, Lippiao.izsw, Lippiac.cssw, Lippiacosiw, alcohol, and control-with four replicates each. The
animals were fed thrice daily with 5% of living biomass for 55 days. At the end of the period, five specimens
were collected from each treatment to analyze the intestinal tract's zootechnical performance, hematological
analysis, and microbiology. The remaining animals were challenged with A. hydrophila, and the mortality rate
was monitored for 100 days. Thymol was the component with the highest concentration (76.6%) in the essential
oil of L. sidoides. Fish fed Lippiaoi2s% had the greatest post-challenge survival. Fish fed Lippiagess» Showed
increased zootechnical performance, and those fed Lippiaoc2so% had the highest concentration of lactic acid
bacteria in the intestine. Hematological analyses did not show significant differences among treatments. The
authors suggest new studies with higher concentrations of L. sidoides essential oil in the diet of C. carpio than
were used in this study.
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INTRODUCTION are sold individually and have high economic value
(Texeira 2015). Between 2006 and 2015, the state of
Amazonas exported US$ 23.0 million ornamental fish
mainly to the countries of Germany, Taiwan, USA, and

Japan (Tribuzy-Neto et al. 2021).

The colored carp Cyprinus carpio Kkoi variety, a
freshwater fish, has added economic value because its
market share is one of the highest among ornamental
fish in the international consumer market (Yanuhar et

The international ornamental fish market moved
millions of dollars annually, US$ 347.5 million in 2014,
with Asian countries responsible for 57% of the export
chain (Dey 2016). The countries in South America that
lead the export of ornamental fish are Brazil, Colombia,
and Peru (Moreau & Coomes 2007, Mancera-
Rodriguez & Alvarez-Leon 2008, Anjos et al. 2009).

Ornamental fish production in Brazil is one of the
most profitable sectors in fish farming because the fish
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al. 2021). Its market share is linked to its charac-
teristics, such as its vivid colors, body shape, and easy
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adaptation to various cultivation methods (Laksono et
al. 2021).

The success of ornamental fish farming is related to
various factors that add value to fish, such as color,
rarity, size, and vigor. For these characteristics to occur
in the animals of the herd, a necessity is to, for example,
have adequate management in the breeding process
(Rodrigues et al. 2013).

A high stocking density of animals combined with
inadequate water quality management can promote the
spread of diseases caused by bacteria (Moraes &
Martins 2004). Physiological stress and physical
injuries are the precursors to disease and mortality in
aquaculture (Rotmann et al. 1992). Moreover,
according to Rottmann et al. (1992), although fish can
adapt to environmental conditions, their energy
reserves decrease, and a hormonal imbalance can occur,
suppressing the immune system and increasing suscep-
tibility to diseases. The appearance of diseases is
related to the interaction of the pathogen, environment,
and host. The stress caused by the variation in water
quality, caused by the high density of stock, favors an
increase in bacterial communities and other pathogens
(Toranzo et al. 2009, Leira et al. 2016).

Bacterial diseases cause economic losses and can
reach 100% mortality depending on the culture phase
(Shiogiri et al. 2015). The species of the genus
Aeromonas are bacteria mostly found in the aquatic
environment and cause disease in farmed and wild fish
(Cipriano 2001). The shape of gram-negative bacilli
and motility characterize this genus. When this affects
animals, it causes hemorrhagic septicemia, with the
appearance of superficial lesions, focal hemorrhages
(petechiae), and exophthalmos (Carraschi et al. 2011).

The pathogenicity of Aeromonas hydrophila is
related to several factors but is mainly due to the
production of extracellular proteins (Aanjur et al.
2021). C. carpio mortalities because of infection by
Aeromonas spp. have been recorded (Yu et al. 2010),
where the animals presented clinical signs of abdominal
distension, bleeding points through the skin, hepatic
congestion, and an enlarged spleen and kidney
(Harikrishnan et al. 2003). In an experimental trial, they
infected specimens of C. carpio with A. hydrophila (108
colony forming units, CFU mL™) and observed desqua-
mation followed by hemorrhagic spots that progressed
to epidermal lesions affecting the animals' muscles.

Treatment against bacterial infections is conducted
by adding antibiotics to the water or feed (Moraes &
Martins 2004). However, the excessive use of these
antimicrobial agents favors the emergence of resistant

bacteria (Smith et al. 2008). The worldwide and
indiscriminate use of antibiotics is difficult to
determine because each country has a regulatory
agency and different drugs approved for use (Romero
et al. 2012). Among the drugs most used during
bacterial outbreaks in aquaculture are oxytetracycline,
sulfadiazine, and florfenicol (Lulijwa et al. 2020). In
Brazil, the only antibiotics authorized for use in
aquaculture are oxytetracycline and florfenicol (Cizek
et al. 2010, Sindan 2018), demonstrating the resistance
of Aeromonas spp. strains isolated from C. carpio koi
and observed that of the 79 strains isolated, 36 showed
resistance to oxytetracycline.

In this context, developing bio-safe and ecological
alternatives to antibiotics, such as probiotics and plant-
based immunostimulants, has gained attention regar-
ding fish management and health (Sahu et al. 2007).

Two alternatives to antibiotics are herbal products
and probiotic bacteria because they are obtained
exclusively from plant-based raw materials (Anvisa
2014). Herbal medicines are a technically viable
alternative in the prophylaxis and prevention of
pathogens to replace chemicals and antibiotics (Schalch
et al. 2015). Among herbal medicines, essential oils
extracted from plants have antimicrobial and
antioxidant properties, are biodegradable, and act as
immunostimulants (Figueiredo et al. 2014, Schalch et
al. 2015). The antimicrobial activity of these herbal
medicines is related to the terpenoid and phenol
compounds present in their composition (Castro et al.
2011).

For example, the essential oil of Lippia sidoides,
commonly known as alecrim-pimenta, contains
approximately 60% thymol or a mixture of thymol and
carvacrol (Souza et al. 2007). The antimicrobial power
of this type of essential oil is related to its chemical
affinity for the fatty acids, phospholipids, and
lipopolysaccharides in the cell wall and cytoplasmic
membrane, making them capable of crossing these
barriers and causing porosity of the membranes; in
bacteria, permeabilization of the membranes is
associated with loss of ions, resulting in cell death
(Bakkali et al. 2008).

This composition may vary according to the
geographic location, climate, and oil extraction method
(Castro et al. 2011). This study aimed to determine the
minimum inhibitory concentration (MIC) of L. sidoides
essential oil against A. hydrophila and its effects when
supplemented in the diet, assessing zootechnical,
hematological, and intestinal microbiota composition
parameters of C. carpio Kkoi.
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MATERIALS AND METHODS

Obtention and composition of Lippia sidoides
essential oil

The essential oil of L. sidoides was provided by
Embrapa Western Amazonia (EMBRAPA), Manaus,
Amazonas, Brazil (03°06'23.04"S, 60°01'35.14"W).
The oil was extracted from the leaves in the Laboratory
of Phytochemistry and Medicinal Plants at EMBRAPA
by hydrodistillation using a Clevenger-type apparatus
(Majolo et al. 2016). The product of this process was
stored in 500 mL amber glass and placed in a -18°C
freezer until the experimental diets were prepared.

This study used an Agilant (Palo Alto, USA) 7890B
gas chromatograph equipped with an HP-5 capillary
column (5% diphenyl-95%-dimethyl silicone, 30 m x
0.25 mm x 0. 24 um) and an oven temperature from 60
to 240°C, using nitrogen gas as a carrier (1.5 mL min™)
to analyze the chemical composition of the oil 1 pL of
a 1% solution of the oil in dichloromethane (Merck
Millipore, Darmstadt, Germany) was injected in split-
flow mode (1:100; inlet at 250°C). The mass spectrum
was obtained by the Agilent 5975C system and
operated in electronic ionization mode at 70eV, using
the injection mentioned above procedure. Helium gas
was used as carrier gas (1.05 mL min™). Retention rates
were calculated from the retention time of each oil
component and n-alkanes (C7-C20). These components
were identified by comparing the mass spectra obtained
with data from the spectral library (Hoffmann &
Stroobant 2007) and retention indices calculated and
compared with published values (Adams 2007).

Minimum inhibitory concentration (MIC)

The strain of A. hydrophila (ATCC 7966) from the
strain bank of the microbiology sector of the
Laboratory of Pathology of Aquatic Organisms -
AQUOS/UFSC was used to determine the MIC. The
bacterial solution was previously cultured in BHI®
Himedia broth and incubated at 28°C for 24 h. The
stock solution of L. sidoides was made by diluting the
oil in 8% grain alcohol. The assay was performed
according to CLSI (2006) in triplicates, with positive,
negative, and grain alcohol controls. The positive
control consisted only of the bacteria grown in the
culture medium; the negative, in turn, was an
uninoculated culture medium, and the cereal alcohol
control consisted of a culture medium inoculated with
microorganisms in the presence of cereal alcohol. In a
96-well microplate, serial dilutions of the stock solution
were performed at a factor of 1:2, previously containing

200 pL of the Luria-Bertani (LB) culture medium, after
which 20 pL of A. hydrophila inoculum at 1x10° CFU
concentration were added. The microplate was
incubated at 28°C for 24 h, then read with the naked eye
to determine the MIC.

Experimental design

For the experimental design, 288 colored C. carpio
with an initial weight of 5.3 + 1.6 g from the Vale dos
Betas Ornamental Fish Farm Biguagu, Santa Catarina,
were used. The animals were transported to the
Laboratory of Sanitation of Aquatic Organisms -
AQUOS/UFSC and acclimatized for 10 days. After
acclimatization, the fish were randomly distributed into
24 experimental units (n = 12). Each experimental unit
contained 80 L and was connected to a water recir-
culation system equipped with mechanical filtration,
biological filtration, an ultraviolet reactor, and constant
aeration. The water quality parameters were recorded
weekly with a LabconTest® colorimetric kit: pH (6.86
+ 1.4), temperature (25.15 + 1.5°C), toxic ammonia
(0.0014 +0.0013 mg L), and dissolved oxygen (7.86
+0.62 mg L. The temperature was measured using a
thermometer (25.15 + 1.5°C). The animals were fed for
55 days. The per day ration was supplemented with the
essential oil of L. sidoides at various concentrations:
Lippiao2sow, Lippidoizsw, Lippiacossw, Lippiac.osiv,
alcohol, and control (in quadruplicate). The animal
procedures were approved by the Ethics Committee on
the Use of Animals of the Federal University of Santa
Catarina (CEUA N° 7572220419).

Preparation of experimental diets and food routine

For the preparation of the experimental diets, the
commercial feed Puro Trato® Juvenil 40% crude
protein, 2 mm pellet was used as a base, and the
inclusion of the essential oil of L. sidoides was
performed according to Dairiki et al. (2013), where
dilution of the oil used Grain alcohol is used as an
incorporation vehicle. For each kilogram of ration, 100
mL of grain alcohol was sprinkled with L. sidoides oil
diluted at concentrations of 0.031, 0.063, 0.125, and
250%, and in the control ration, only grain alcohol was
sprayed. The ration was dried at room temperature for
24 h and then stored at -18°C. The ration was weighed
and stored at 4°C the day before supply until feeding.
The experimental rations were offered for 55 days,
three times a day, and with an amount corresponding to
5% of the total biomass of the tank. The amount of feed
was adjusted according to the growth of the animals and
measured by biweekly biometrics.
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Growth performance

The specific growth rate (SGR) and feed conversion
factor (FCF) were calculated by the following formulas
(Fu et al. 2005):

Weight gain = initial weight - final weight (g)

SGR =100 x (In initial weight (g) - In final weight (g))
/ time (d)

FCF = feed consumption (g) / (initial weight (g) - final
weight (g))

Hematological analyzes

After the experimental period, five fish were sampled
per experimental unit for blood collection. The animals
were anesthetized in eugenol solution (75 mg L), and
blood was collected by puncturing the caudal vein with
a 3 mL syringe containing 10% EDTA. Blood
extensions were made in duplicates for further staining
in May-Grunwald/Giemsa/Wright for total and diffe-
rential leukocyte and thrombocyte counts by the
indirect method (Ishikawa et al. 2008). Hematimetric
indices, hematocrit percentage, and total erythrocyte
count were also determined (Ranzani-Paiva et al.
2013).

Lethal dose 50% 96 h for Aeromonas hydrophila

Seventy fish were distributed in four experimental units
(n = 6 fish pond™) to determine the lethal dose of 50%
(LD50). The animals were anesthetized with eugenol
solution (75 mg L) and challenged, via intraperitoneal
injection, with 100 pL of bacterial solution at the
following concentrations: 1x107, 1x10% and 1x10°
CFU mL™. The control group received only sterile
saline solution (0.65% NaCl). The animals were
observed for 10 days every 8 h, and the treatment that
presented a mortality rate of 50% in 96 h was defined
as the dose to be used in the experimental infection
performed at the end of the 55 days of feeding with a
supplemented diet.

Experimental infection with Aeromonas hydrophila

At the end of the supplementation period and after the
first data collection, the fish were submitted to
experimental infection with the bacterium A.
hydrophila. The microorganisms were cultured in
BHI® Himedia broth, incubated at 28°C for 24 h, and
centrifuged for 30 min at 1800 g. Next, the supernatant
was discarded, and the pellet was resuspended in a
sterile  0.65% saline solution. The bacterial
concentration in the infection was 2x107 CFU, a
concentration determined by the 96 h LD50 performed

in the prior section. After being anesthetized with
eugenol solution (75 mg L), each fish received 100 pL
bacterial inoculum via intraperitoneal (ip) injection.
The fish were observed for 10 days, and mortality was
recorded daily. Dead animals were immediately
removed and discarded according to laboratory
protocol. Clinical signs linked to infection caused by A.
hydrophila were analyzed during the infection period.
At the end of the infection period, the remaining
animals were euthanized according to the UFSC Ethics
Committee guidelines and discarded. For disease
confirmation, through the postulate of Koch according
to Evans (1976), samples of the brain, liver, and kidney
were collected from fish that presented characteristic
clinical signs of aeromoniosis, sown in BHI® Himedia
medium, and incubated at 28°C for 24 h. Subsequently,
the grown media were seeded on TSA agar medium and
again incubated at 28°C for 24 h to characterize A.
hydrophila bacterial colonies.

Microbiological analysis of the intestinal tract

The average portion of the intestine of five fish from
each experimental unit was collected aseptically,
macerated, and diluted 1:10 in 0.65% saline solution.
The dilutions were seeded in Rogosa Sharpe Man Agar
(MRS, HIMEDIA®) with aniline blue (10 g L) for
lactic acid bacteria count and on Soy Tryptone Agar
(TSA, HIMEDIA®) for bacteria count-total heterotrophs.
The dilutions were also seeded on Thiosulfate Citrate
Bile Sucrose Agar (TCBS, HIMEDIA®) for quanti-
fication of Vibrionaceae and Cetrimide Agar
(HIMEDIA®) for bacteria of the genus Pseudomonas
spp. All plates were incubated at 30°C for 24 h, except
the MRS plates, which were incubated at 35°C for 48 h
(Jatoba et al. 2008).

Statistical analysis

The results from the tests performed were submitted to
one-way ANOVA (P < 0.05). Levene's test was used to
verify homoscedasticity and Shapiro Wilk's test for
normality. Tukey's test was applied to separate the
means when statistical differences were observed. For
mortality after the challenge, the Keplen-Meier test was
applied.

RESULTS

Composition of Lippia sidoides essential oil

In the composition of L. sidoides essential oil, thymol
(76.6%) stood out, followed by ortho-cymene (6.3%)
and beta-caryophyllene (5.0%) (Table 1).
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Table 1. Composition of Lippia sidoides essential oil (%).
RI: retention index.

Components (%) RI
Alpha-thujene 0.3 929
Alpha-pinene 0.1 937
Myrcene 11 992
Alpha-terpinene 0.7 1019
Ortho-cimene 6.3 1027
Limonene 0.4 1031
1.8-cineole 0.7 1034
Gamma-terpinene 2.0 1061
Ipsdienol 0.6 1148
Umbellulone 0.2 1176
4-terpinenol 1.0 1178
Alpha-terpineol 0.2 1191
Thymol-methyl-ether 1.0 1236
Thymol 76.6 1296
Alpha-copaene 0.4 1375
Beta-cariofilene 5.0 1417
Aromadendrene 0.4 1436
Alpha-humulene 0.3 1451
Ledene 0.3 1492
Delta-cadinene 0.3 1521
Caryophyllene oxide 0.7 1579
Total 98.6

Minimum inhibitory concentration (MIC)

The observed results indicate the inhibitory activity of
the essential oil of L. sidoides against A. hydrophila at
all dilutions (Table 2). The growth of bacteria can be
observed in all wells of the positive control and from
the 0.016% dilution in the treatment with grain alcohol
alone.

Zootechnical performance

After the 55 days of food supplementation, there was a
significant increase in the growth of animals
supplemented with Lippiao.oss% in the control, alcohol,
and Lippiaoosio Still, the other treatments had no
significant difference (Table 3). There was also no
significant difference between SGR and FCF
treatments.

Hematological analyzes

The total erythrocyte count, hemoglobin, mean
corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH) and mean corpuscular hemoglobin
concentration (MCHC) showed no significant difference
among supplemented and control groups. In hematocrit,
it was observed that there was no statistical difference
between the treated groups, but the fish supplemented
with Lippiao.osi% (21.8 £ 5.42%) was different from the

alcohol group (31.75 * 6.46%) and Lippiag.2sow (32.72
+ 11.15%). There was no significant difference
between the treated and untreated groups regarding
total leukocytes. On the other hand, the number of
basophils was lower in the supplemented animals
(Table 4).

Microbiological analysis of the intestinal tract

In the microbiological analysis of the intestinal tract,
there was no significant difference between the
supplemented and non-supplemented animals for
vibrionaceous bacteria and total heterotrophic bacteria.
The highest concentration of lactic acid bacteria was
observed in animals supplemented with Lippiag.2sos
(5.65 logio CFU g1), which was also the group with the
highest concentration of bacteria of the genus
Pseudomonas sp. (5.62 logio CFU g*) (Fig. 1).

Mortality after challenge with Aeromonas hydrophila

After 55 days of supplementation, the animals were
infected via intraperitoneal injection with an A.
hydrophila solution at a concentration of 2x10” CFU g
defined in the LD50. The animals were observed for 9
days and showed clinical signs such as exophthalmos,
anorexia, and hemorrhagic spots through the
integument (Fig. 2).

The dead fish were removed. Next, the remaining
animals were euthanized, and their organs were
collected for Koch's postulate to confirm the bacterial
infection. The highest survival rate was observed in fish
supplemented with Lippiao,.1250%, and the lowest was in
non-supplemented fish (Fig. 3).

DISCUSSION

Marco et al. (2012) and Brito et al. (2015) have reported
that the component with the highest concentration in
the essential oil of L. sidoides is thymol, as observed in
this study, where thymol corresponds to 76.6%.
Thymol is a phenolic monoterpene compound found in
several essential oils (Yousefi et al. 2018), such as
Thymus ciliatus (Kabouche et al. 2009). The variation
in oil composition can be influenced by genetic,
climatic, or vegetative factors (Guimaraes et al. 2014).
The production of secondary metabolites can be
affected by environmental conditions such as
seasonality, temperature, altitude, and rainfall (Gobbo-
Neto & Lopes 2007). Due to these conditions, the
composition of the essential oil depends on the plant's
place of cultivation and the season in which it is
harvested (Veras et al. 2017). This study observed that
in plants grown in the southern region of Minas Gerais,
there was a change in the composition of L. sidoides oil,
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Table 2. Minimum inhibitory concentration of Lippia sidoides essential oil against Aeromonas hydrophila. (+) indicates

bacterial growth, and (-) indicates no bacterial growth.

4% 2% 1% 0.5% 0.250% 0.125%

0.063% 0.031% 0.016% 0.008% 0.004% 0.002%

L. sidoides + Grain

alcohol

Grain alcohol -

Positive control + + + + +
Negative control - - - - -

Table 3. Zootechnical performance parameters (mean + standard deviation) of koi carp after 55 days of supplementation
with Lippia sidoides essential oil at different concentrations. SGR: specific growth rate, FCF: feed conversion factor.
Different letters in the same column indicate a significant difference between treatments by Tukey's test (P < 0.05).

Treatment  Final weight (g) Weight gain (%) SGR (%) FCF

Control 9.39 + 3.40° 5.11 £ 2.34°¢ 0.60+0.10 2.14+0.58
Alcohol 14.94 £ 2.962 8.12+1.66° 0.62+0.06 1.86+0.23
Lippiaoosoe  11.79 + 1.83% 6.44 +1.83% 0.62+0.05 201+0.32
Lippiagisee  11.17 + 3.39% 6.16 £1.62%¢ 0.65+0.11 1.89+0.35
Lippiag.ossss  14.90 £ 2.772 8.74 £1.99° 0.58+0.08 2.09+0.43
Lippiao.ozis 9.31+2.37° 490+1.70 0.59+0.09 2.29+0.46

which had carvacrol (26.44%) and 1.8 cineole
(22.63%) as the major components.

The antimicrobial activity of thymol is well
understood; Majolo et al. (2017) tested the MIC of
isolated L. sidoides and thymol against Staphylococcus
aureus and observed that the same concentration (128
ug mL™Y) was effective against the pathogen. In this
study, the antimicrobial activity of the essential oil was
observed at all concentrations, with the lowest
concentration of 0.002%, corresponding to 34.79 ug
mL%. In contrast, Monteiro et al. (2020) observed that
the lowest concentration that inhibited A. hydrophila
growth was 1.250 pg mL?, and the essential oil
contained 76.6% thymol. Nazzaro et al. (2013) tested
the antimicrobial activity of L. sidoides against A.
hydrophila isolated from tambaquis Colossoma
macropomum from cultures Amazonas, and the lowest
value was 625 pg mL™. The ability to inhibit the
essential oil of L. sidoides is due to the presence of
thymol in its composition, which can cause structural
damage to the bacterial cell membrane, increasing the
permeability of the cell, extravasating the cellular
content, and promoting the coagulation of cytoplasm
the bacterium causing damage to its functions (Nazzaro
et al. 2013). Studies have stated that carp supplemented
with oregano essential oil (4500 mg kg?) have
increased activity of digestive enzymes, increased
immune activity, and change in the intestinal
microbiota structure of fish (Zhang et al. 2020). The

authors associated the results with the benefits of oil
supplementation and the change in the microbiological
composition of the intestine. In this study, an increase
in lactic acid bacteria was observed in fish
supplemented with Lippiag.2sos, and the probiotic
potential of acid-lactic has been confirmed in the
literature (Ringe & Gatesoupe 1998, Alishahi et al.
2018, Shabirah et al. 2019). Essential oils use several
mechanisms that result in an unfeasible bacterial cell,
such as interacting with proteins in the cell wall,
impairing the transport of essential molecules,
decreasing ATP synthesis, and causing porosity of the
cell wall due to the interaction of the essential oil with
the fatty acids present (Nazzaro et al. 2013). The
mechanisms above suggest that the increase in the
colonization of lactic acid bacteria in the intestinal tract
of supplemented animals is related to the presence of L.
sidoides essential oil, owing to the composition of the
intestinal microbiota of fish being related to the type of
feeding or form of preparation of the ration, generating
the selection of specific bacteria.

Tripathi et al. (2004) described the reference values
of hematological parameters of healthy-colored koi
carp (weight, approximately 200 g; length, 18 cm).
They observed that the number of erythrocytes in
healthy animals was 1.81x10° uL. Our study observed
the highest erythrocyte count in animals supplemented
with alcohol alone (1.38x10° puLt). However, common
carp fingerlings supplemented with Lippia citrodora
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Figure 1. Bacterial concentration per gram of koi carp intestine supplemented with Lippia sidoides essential oil in different
concentrations. TSA: total heterotrophic bacteria, CTM: Pseudomonas sp., MRS: total lactic acid bacteria, TCBS:
Vibrionaceae. Different letters indicate a significant difference between treatments by Tukey's test (P < 0.05).

Figure 2. Specimens of koi carp with clinical signs after experimental infection with Aeromonas hydrophila. a) exoph-

thalmos, b) bleeding ulceration, c) bleeding spots.

essential oil (0.15 mL and 0.30 mL kg™) for 30 days
had a lower number of erythrocytes than the control did
(Gholipourkanani et al. 2017). The percentage values
of hematocrit were similar to the reference values
described by Gholipourkanani et al. (2017); however,
fish that received a diet supplemented with Lippiao.os1%
had a lower percentage (21.8 £ 5.42%) than in their
study. Brasil et al. (2019) did not observe statistical
differences in the hematocrit values of colored carp fed
with L. sidoides essential oil at concentrations of O,
0.25, 0.50, and 1%, suggesting that supplementation
with L. sidoides is not harmful to fish. Silver catfish

(Rhamdia quelen) decreased hematocrit percentage
when supplemented with Lippia alba powder, a finding
related to the animals' decreased productive perfor-
mance (Marasca et al. 2020).

This study did not observe a significant difference
in the total leukocyte count. An increase in the total
number of leukocytes of common carp supplemented
with different concentrations of Epilobium hirsutum
extract (0, 0.5, 1, and 3%) and the control group was
observed. Still, there was no significant difference in
the number of monocytes, lymphocytes, and neutro-
phils among the treated groups (Pakravan et al. 2011).
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Figure 3. Mortality rate of koi carp supplemented with Lippia sidoides essential oil at different concentrations after
experimental challenge with Aeromonas hydrophila.

Table 4. Hematological parameters (mean = standard deviation) of koi carp after 55 days of supplementation with Lippia
sidoides essential oil at different concentrations. MCV: mean corpuscular volume, MCHC: mean corpuscular hemoglobin
concentration, MCH: mean corpuscular hemoglobin. Different letters in the column indicate a significant difference
between treatments by Tukey's test (P < 0.05).

Parameter Control Alcohol Lippiao 2500 Lippiag.125% Lippiao.osav Lippiao.os1%
Erythrocytes (x10° L) 1.24+£0.43 1.38+0.27 1.24+0.29 1.32+0.32 1.33+0.28 1.12 +0.29
Hematocrit (%) 29.1+8,1® 31.75+6.46% 32.72+11.1% 27.41+8.32% 2761+9.21% 218+542°
Hemoglobin (g dL?) 9.03+2.09 9.45+239 9.23+1.97 10.85+2.27 9.34+1.34 8.89+2.02
MCV (fL) 2.25+1.16 229+0.77 2.29+0.98 1.84+0.55 2.29+1.17 1.95+0.84
MCH (g gL™®) 0.30+0.37 0.57+0.29 0.33+0.44 0.45 +0.46 0.55+0.40 0.52 +0.40
MCHC (g dLY) 23.10+19.21 30.53+14.30 17.36+20.29 26.38+21.48 30.02+25.57 34.20+23.0
Total leukocytes (103 uLY) 43.50+24.50 37.70+12.10 46.40+21.90 46.40+20.10 39.40+15.90 44.20+21.10
Basophils (x103 pL1) 0.10+0.19° 059+0.62® 0.34+0.27% 0.52+0.82% 0.30+0.33%® (.33 +0.43%
Lymphocytes (x103 uLY) 24.50+15.20 25.10+9.53 25.80+10.70 25.90+9.76 22.80+6.95 19.90+6.71
Neutrophils (x103 pL™?) 0.17+0.41 0.03+£0.07 0.02+0.06 0.02 £0.09 0.03 +0.09 0.01 +£0.05
Monocytes (x103 uLt) 19.00 +14.20 12.00+6.87 20.3+147 20.00+15.00 20.00+12.40 21.90+14.70
Glucose (mg dL1) 47.89+2223 424+1651 48.0+1458 42.73+22.30 44.21+19.40 36.95+17.91

Similar results were observed when using extracts of
Oliviera decumbens and Satureja khuzestanica at 0.5%
in the carp diet (Khansari et al. 2013). The leukocyte
count of the animals in this study might be related to
the concentrations of L. sidoides being lower than those
in the studies cited.

Fish supplemented with Lippiao.css» Showed the
greatest weight gain (8.74 + 1.99%) during the
experimental period, different from that reported by
Brasil et al. (2019): they observed that koi carp
supplemented with 0.75% of the L. sidoides essential
oil showed a reduction in weight gain in relation with
the unsupplemented fish. Cornelius et al. (2013)
observed that Oreochromis niloticus fed a diet
supplemented with the lactic acid bacterium
Lactobacillus platarum obtained greater weight gain
and feed conversion than the control group. The weight

gain of the animals treated with Lippiao.osas is possibly
related to the increase in the stimulus in their digestive
function, providing the increase in digestive enzymes
such as proteases, lipases, and amylase (Zhang et al.
2020) and the increase in the concentration lactic acid
bacteria present in the intestines of animals.

This study observed the highest survival after the
challenge in fish supplemented with Lippiao.i2s%. A
similar result was reported in common carp juveniles
supplemented with different levels of dehydrated (Olea
europea) leaves, where animals supplemented with 1 g
kg! showed an improved immune response and
survival rate when challenged with Edwardsiella tarda
(Zemheri-Navruz et al. 2019). Mohamad & Abasali
(2010) evaluated supplementation with a mix of 10
plants, including Thymus vulgaris, Mentha piperita,
and Ocimum europea, in common carp for 60 days.
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Fish that received 1000 mg kg showed 80.95%
survival when challenged with A. hydrophila. The
improved survival rate of the supplemented animals
may be related to the essential oil improving the
immune response of the fish.

CONCLUSION

The essential oil of L. sidoides improved the weight
gain of the animals when supplemented with
Lippiag.os3%. However, the concentration of essential oil
of L. sidoides that showed the best survival rate was
0.125% after challenging with A. hydrophila. Regar-
ding the intestinal microbiota, fish supplemented with
Lippiag.2s0% Showed the greatest concentration of lactic
acid bacteria, which have probiotic potential. The
authors suggest further studies on adding L. sidoides
essential oil in the diet of koi carp, especially with
higher concentrations of essential oil than those used in
this study and immunological analysis.

ACKNOWLEDGMENTS

The authors thank the National Council for Scientific
and Technological Development (CNPq) for the
financial support and grant to M.L. Martins (CNPq
306635/2018-6, 409821/2021-7) and J.L.P. Mourifio
(CNPg 301524/2017-3) and Scientific Initiation
Scholarship CNPg/PIBIC to M.C. Fernandes; to the
Coordination for the Improvement of Higher Education
Personnel (CAPES) for master's scholarships to P.B.
Medeiros, W.E. Furtado, T.R. Lishoa, G.G. Santos, and
for the Post-Doctoral fellowship to S.A. Pereira.
CAPES, Brazil, Financial Code 001 partly funded this
study.

REFERENCES

Adams, R.P. 2007. Identification of essential oil
components by gas chromatography/quadrupole mass
spectroscopy. Texemsis Publishing, Gruver.

Agencia Nacional de Vigilancia Sanitaria (ANVISA).
2014. Provides for the registration of herbal medicines
and the registration and notification of traditional
herbal products. [https://www.gov.br/saude/pt-br/
composicao/sectics/daf/pnpmf/orientacao-ao-prescri-
tor/Publicacoes/resolucao-rdc-no-26-de-13-de-maio-
de-2014.pdf/view]. Review: February 15, 2023.

Alishahi, M., Dezfuly, ZT., Mesbah, M. &
Mohammadian, T. 2018. Effects of two probiotics,
Lactobacillus plantarum and Lactobacillus bulgaricus

on growth performance and intestinal lactic acid
bacteria of Cyprinus carpio. Iranian Journal of
Veterinary Medicine, 12: 207-217.

Anjos, H.D.B., Amorin, R.M.S., Siqueira, J.A. & Anjos,
C.R. 2009. Exports of ornamental fish from the state
of Amazonas, Amazon Basin, Brazil. Boletim do
Instituto de Pesca, 35: 259-274.

Anjur, N., Sabran, S.F., Daud, H.M. & Ohtman, N.Z.
2021. An update on the ornamental fish industry in
Malaysia: Aeromonas hydrophila-associated disease
and its treatment control. Veterinary World, 14: 1143-
1152. doi: 10.14202/vetworld.2021.1143-1152

Bakkali, F., Averbeck, A., Averbeck, D. & ldaomar, M.
2008. Biological effects of essential oils - A review.
Food and Chemical Toxicology, 46: 446-475.

Brasil, E., Figueredo, A., Cardoso, L., Santos, M.,
Bertaglia, E., Furtado, W., et al. 2019. In vitro and in
vivo antiparasitic action of essential oils of Lippia spp.
in koi carp (Cyprinus carpio) fed supplemented diets.
Brazilian Journal of Veterinary Pathology, 12: 88-100.
doi: 10.24070/bjvp.1983-0246.v12i3p88-100

Brito, D.l.V., Morais-Braga, M.F.B., Cunha, F.A.B.,
Albuquerque, R.S., Carneiro, J.N.P., Lima, M.S.F., et
al. 2015. Phytochemical analysis and antifungal
activity of essential oil from leaves of Lippia sidoides
Cham and of thymol against strains of Candida spp.
Revista Brasileira de Plantas Medicinais, 17: 836-844.
doi: 10.1590/1983-084X/14_060

Carraschi, S.P., Cruz, C., Machado-Neto, J.G., Castro,
M.P., Bortoluzzi, N.L. & Girio, A.C.F. 2011. Efficacy
of florfenicol and oxytetracycline in the control of
Aeromonas hydrophila in pacu (Piaractus
mesopotamicus). Arquivo Brasileiro de Medicina
Veterinaria e Zootecnia, 63: 579-583. doi: 10.1590/
S0102-09352011000300007

Castro, C.E., Ribeiro, J.M., Diniz, T.T., Almeida, A.C.,
Ferreira, L.C., Martins, E.R.,, et al. 2011
Antimicrobial activity of Lippia sioides Cham
(Verbenaceae) essential oil against Staphylococcus
aureus and Escherichia coli. Revista Brasileira de
Plantas Medicinais, 13: 293-297. doi: 10.1590/S1516-
05722011000300007

Cipriano, R.C. 2001. Aeromonas hydrophila and motile
Aeromonas septicemia offish. US Fish & Wildlife
Publications, Washington D.C.

Cizek, A., Dolejska, M., Schorova, R., Strachova, K.,
Piackova, V. & Vesely, T. 2010. Antimicrobial
resistance and its genetic determinants in aeromonads
isolated in ornamental (koi) carp (Cyprinus carpio koi)
and common carp (Cyprinus carpio). Veterinary
Microbiology, 142: 435-439. doi: 10.1016/j.vetmic.
2009.10.001



626 Latin American Journal of Aquatic Research

Clinical and Laboratory Standards Institute (CLSI). 2006.
Methods for broth dilution susceptibility testing of
bacteria isolated from aquatic animals. Approved
Guideline M49-A. Clinical and Laboratory Standards
Institute, Malvern.

Cornelius, F.H.G., Cargnin-Ferreira, E., Borba, M.R.,
Mourifio, J.L.P., Fernandes, V.A.G. & Fracalossi,
D.M. 2013. Growth, digestibility, and resistance to
pathogen infection in Nile tilapia fed with probiotics.
Pesquisa Agropecuaria Brasileira, 48: 863-870. doi:
10.1590/S50100-204X2013000 800008

Dairiki, J.K., Majolo, C., Chagas, E.C., Chaves, F.C.M.,
Oliveira, M.R. & Morais, I.S. 2013. Procedure for
inclusion of essential oils in fish feed. Embrapa
Amazobnia Ocidental, Manaus.

Dey, V.K. 2016. The global trade in ornamental fish. Info
Fish International, 4: 52-55.

Evans, A.S. 1976. Causation and disease: the Henle-
Kochpostulates revisited. Yale Journal of Biology and
Medicine, 49: 175-195.

Figueiredo, A.C., Pedro, L.G. & Barroso, J.G. 2014.
Aromatic and medicinal plants - essential and volatile
oils. Revista de Homeopatia, 114: 29-33.

Fu, C., Cui, Y., Hung, S.S.0. & Zhu, Z. 2005. Growth and
feed utilization by F4 human growth hormone
transgenic carp fed diets with different protein levels.
Journal of Fish Biology, 53: 115-129. doi: 10.1111/
j-1095-8649.1998.th00114.x

Gholipourkanani, H., Jamalli, F., Jafaryan, H. &
Alamdari, E.G. 2017. Dietary effect of Lippia
citrodora essential oil on some hematological,
biochemical, growth performance and body compo-
sition of Cyprinus carpio Linnaeus, 1758. Iranian
Journal of Aquatic Animal Health, 3: 1-15. doi:
10.18869 /acadpub.ijaah.3.1.1

Gobbo-Neto, L. & Lopes, N.P. 2007. Medicinal plants:
influence factors on the content of secondary meta-
bolites. Quimica Nova, 30: 374-381. doi: 10.1590/
S0100-40422007000200026

Guimardes, L.G.L., Cardoso, M.G., Souza, R.M,
Zacaroni, A.B. & Santos, G.R. 2014. Essential oil of
Lippia sidoides native to Minas Gerais: composition,
secretory structures, and antibacterial activity. Revista
Ciéncia Agrondmica, 45: 267-275. doi: 10.1590/
$1806-66902014000200006

Harikrishnan, R., Rani, M.N. & Balasundaram, C. 2003.
Hematological and biochemical parameters in
common carp, Cyprinus carpio, following herbal
treatment for Aeromonas hydrophila infection.

Aquaculture, 221: 41-50. doi: 10.1016/S0044-8486
(03)00023-1

Hoffmann, E. & Stroobant, V. 2007. Mass Spectrometry:
principles and applications, John Wiley & Sons,
London.

Ishikawa, N.M., Ranzani-Paiva, M.J.T. & Lombardi, J.V.
2008. Methodology for quantification of total leuko-
cytes in fish, Oreochromis niloticus. Archives of
Veterinary Science, 13: 54-63.

Jatoba, A., Vieira, F.D.N., Buglione-Neto, C.C., Silva,
B.C., Mourifio, J.L.P., Jerénimo, G.T., et al. 2008.
Lactic acid bacteria isolated from the intestinal tract of
Nile tilapia utilized as probiotic, 2008. Pesquisa
Agropecuaria Brasileira, 43: 1201-1207. doi: 10.1590/
S0100-204X2008000900015

Kabouche, A., Ghannadi, A. & Kabouche, Z. 20009.
Thymus ciliatus - The highest thymol containing
essential oil of the genus. Natural Product Commu-
nications, 4: 1251-1252. doi: 10.1177/1934578X090
0400918

Khansari, A., Yavri, V., Alishari, M., Mousavi, S.M.,
Ghorbanpoor, M., Bastami, K.D., et al. 2013. Effects
of Oliviera decumbens and Satureja khuzstanica
extract on some immunological and hematological
parameters of Cyprinus carpio. Comparative Clinical
Pathology, 22: 339-342. doi: 10.1007/s00580-012-
1412-y

Laksono, M.G., Sugianta & Santanumurti, M.B. 2021.
Koi (Cyprinus carpio) hatchery techniques: is
performance in BBI Boyolali. IOP Conference Series:
Earth and Environmental Science, 679: 1-4. doi:
0.1088/1755-1315/679/1/012018

Leira, M.H., Lago, A., Botelho, H.A., Melo, C.C.V.,
Mendong¢a, F.G., Nascimento, A.F., et al. 2016. Main
bacterial infections in freshwater fish farming in Brazil
- A review. Journal of Veterinary Science Public
Health, 3: 44-59.

Lulijwa, R., Emmanuel, EJ. & Alfaro, A.C. 2020.
Antibiotic use in aquaculture, policies and regulation,
health and environmental risks: a review of top 15
major producers. Reviews in Aquaculture, 12: 640-
663. doi: 10.1111/raq.12344

Majolo, C., Rocha, S.1.B., Chagas, E.C., Chaves, F.C.M.
& Bizzo, H.R. 2017. Chemical composition of Lippia
spp. essential oil and antimicrobial activity against
Aeromonas hydrophila. Aquaculture Research, 48:
2380-2387. doi: 10.1111/are.13073

Majolo, C., Chagas, E.C., Chaves, F.C.M., Bizzo, H.R.,
Rocha, S.1.B., Oliveira, S.R.N., et al. 2016. Chemical



Essential oil supplementation of Lippia sidoides for koi carp 627

composition of antibacterial activity of essential oils.
Embrapa Amazonia Ocidental, Manaus.

Mancera-Rodriguez, N.J. & Alvarez-Leon, R. 2008. The
trade of ornamental fish in Colombia. Acta Bioldgica
Colombiana, 13: 23-52.

Marasca, S., Battisti, E.K., Durigon, E.G., Peixoto, N.C.,
Uczay, J., Baldisserotto, B., et al. 2020. Growth,
hematology, metabolism, and oxidative parameters of
silver catfish (Rhamdia quelen) fed diets containing
Lippia alba leaf. Aquaculture, 529: 730-735. doi:
10.1016/j.aquaculture.2020.735730

Marco, C.A., Texeira, E., Simplicio, A., Oliveira, C.,
Costa, J. & Feitosa, J. 2012. Chemical composition
and allelopathic activity of Lippia sidoides Cham.
Chilean Journal of Agricultural Research, 72: 157-
160.

Mohamad, S. & Abasali, H. 2010. Effect of plant extracts
supplemented diets on immunity and resistance to
Aeromonas hydrophila in common carp (Cyprinus
carpio). Agricultural Journal, 5: 119-127. doi: 10.3923/
aj.2010.119.127

Monteiro, P.C., Majolo, C., Chaves, F.C.M., Bizzo, H.R.,
O'Sullivan, F.L.A. & Chagas, E.C. 2020. Antimi-
crobial activity of essential oils from Lippia sidoides,
Ocimum gratissimum and Zingiber officinale against
Aeromonas spp. Journal of Essential Qil Research, 33:
152-161. doi: 10.1080/10412905.2020.1848653

Moraes, F.R. & Martins, M.L. 2004. Predisposing
conditions and main diseases of cultivated teleosts. In:
Cyrino, J.E.P., Urbinati, E.C. & Castagnolli, N. (Eds.).
Special topics in intensive tropical freshwater fish
farming. Tecart, Sao Paulo, pp. 343-383.

Moreau, M.A. & Coomes, O.T. 2007. Aquarium fish
exploitation in western Amazonia: conservation issues
in Peru. Environmental Conservation, 34: 12-22. doi:
10.1017/S0376892907003566

Nazzaro, F., Fratianni, F., Martino, L., Coppola, R. & Feo,
V. 2013. Effect of essential oils on pathogenic
bacteria. Pharmaceuticals, 6: 1451-1474. doi: 10.3390/
ph6121451

Pakravan, S., Hajimoradloo, A. & Ghorbani, R. 2011.
Effect of dietary willow herb, Epilobium hirsutum
extract on growth performance, body composition,
hematological parameters, and Aeromonas hydrophila
challenge on common carp, Cyprinus carpio. Aqua-
culture Research, 43: 861-869. doi: 10.1111/].1365-
2109.2011.02901.x

Ranzani-Paiva, M.J.T., Padua, S.B., Tavares-Dias, M. &
Egami, M.1. 2013. Methods for hematological analysis
in fish. Eduem, Séo Paulo.

Ringg, E. & Gatesoupe, F.J. 1998. Lactic acid bacteria in
fish: a review. Aquaculture, 160: 177-203. doi:
10.1016/S0044-8486(97)00299-8

Rodrigues, A.P.O., Lima, A.F., Aalves, A.L., Rosa, K.D.,
Torati, S.L. & Santos, V.R.V. 2013. Freshwater fish
farming multiplying knowledge: fish species for fish
farming. Embrapa, Brasilia.

Romero, J., Feijoo, C.G. & Navarrete, P. 2012. Antibiotics
in aquaculture - Use abuse and alternatives. In:
Carvalho, E.D., David, G.S. & Silva, R.J. (Eds.).
Health and Environment in Aquaculture. Intech,
Rijeka, pp. 161-198.

Rottmann, R.W., Francis-Floyd, R. & Durborow, R. 1992.
The role of stress in fish disease. Southern Regional
Aguaculture Center, Stoneville.

Sahu, S., Das, B.K., Pradhan, J., Mohapatra, B.C., Mishra,
B.K. & Sarangi, N. 2007. Effect of Magnifera indica
kernel as a feed additive on immunity and resistance to
Aeromonas hydrophila in Labeo rohita fingerlings.
Fish and Shellfish Immunology, 23: 109-118. doi:
10.1016/j.1si.2006.09.009

Schalch, S.H.C., Franca, F.M. & Silva, S.M.P. 2015.
Phytotherapics in fish farming: a commented review.
In: Tavares-Dias, M. & Mariano, W.S. (Eds.).
Agquaculture in Brazil: new perspectives. Pedro &
Jodo, S8o Carlos, pp. 234-244.

Shabirah, A., Mulyani, Y. & Lili, W. 2019. Effect of types
isolates acid bacteria on hematocrit and differential
leukocytes fingerling common carp (Cyprinus carpio
L.) infected with Aeromonas hydrophila. World News
of Natural Sciences, 24: 22-35.

Shiogiri, N.S., Cruz, C. & Fernandes, M.N. 2015.
Antimicrobials are used to control fish diseases in
farming systems. In: Taveres-Dias, M. & Mariano,
W.S. (Eds.). Aquaculture in Brazil: new perspectives.
Pedro & Jodo, S&o Carlos, pp. 245-256.

Sindicato Nacional da Industria de Produtos para Saude
Animal (SINDAN). 2018. Veterinary products. [https:/
Iwww.gov.br/agricultura/pt-br/assuntos/insumos-agro-
pecuarios/insumos-pecuarios/produtos-veterinarios].
Reviewed: February 15, 2023.

Smith, P.R., Le-Breton, A., Horsberg, T.E. & Corsin, F.
2008. Guidelines for antimicrobial use in aquaculture.
In: Guardabassi, L., Jensen, L.B. & Kruse, H. (Eds.).
Guide to antimicrobial use in animals. Blackwell,
Ames, pp. 207-218.

Souza, M.F., Gomes, P.A., Souza-Junior, I.T., Fonseca,
M.M.F., Siqueira, C.S., Figueiredo, L.S., et al. 2007.
Influence of shading on the production of essential oil
phytomass in rosemary-pepper (Lippia sidoides
Cham). Revista Brasiliera Biociéncias, 5: 108-110.



628 Latin American Journal of Aquatic Research

Teixeira, B. 2015. State of ornamental fish farming in the
State of Santa Catarina and subsidy for activities
management. Ph.D. Thesis, Universidade Federal de
Santa Catarina, Floriandpolis.

Toranzo, A.E., Romalde, J.L., Magarinos, B. & Barja, J.L.
2009. Present and future of aquaculture vaccines against
fish bacterial diseases. Options Méditerranéennes, 86:
155-176.

Tribuzy-Neto, 1.A., Beltrdo, H., Benzaken, Z.S. &
Yamamoto, K.C. 2021. Analysis of the ornamental
fish exports from the Amazon State, Brazil. Boletim
do Instituto de Pesca, 46: 1-14. doi: 10.20950/1678-
2305.2020.46.4.554

Tripathi, N.K., Latimer, K.S. & Burnley, V.V. 2004.
Hematologic reference intervals for koi (Cyprinus
carpio), including blood cell morphology, cytoche-
mistry, and ultrastructure. Veterinary Clinical Pathology,
33: 74-83. doi: 10.1111/j.1939-165X.2004.tb00353.x

Veras, H.N.H., Rodrigues, F.F.G., Botelho, M.A,
Menezes, I.R.A., Coutinho, H.D.M. & Costa, J.G.M.
2017. Enhancement of aminoglycosides and p-lactams
antibiotic activity by essential oil of Lippia sidoides
Cham and the thymol. Arabian Journal of Chemistry,
10: 2790-2795. doi: 10.1016/j.arabic.2013.10.030

Received: March 21, 2023; Accepted: June 16, 2023

Yanuhar, U., Hardiono, S.A., Junirahma, N.S. & Caesar,
N.R. 2021. Profile of myxobolus infection in koi fish
(Cyprinus carpio) gill tissue from Land Pond Nglegok,
Blita Regency. IOP Conference Series: Earth and
Environmental Science, 674: 1- 6. doi: 10.1088/1755-
1315/674/1/012016

Yousefi, M., Hoseini, S.M., Vatnikov, Y.A., Nikishov,
AA. & Kulikov, E.V. 2018. Thymol as a new
anesthetic in common carp (Cyprinus carpio): efficacy
and physiological effects in comparison with eugenol.
Aquaculture, 495: 376-383. doi: 10.1016/j.aquaculture.
2018.06.022

Yu, J.H., Han, J.J., Kim, H.J., Kang, S.G. & Park, S.W.
2010. First report of Aeromonas veronii infection in
farmed Israeli carp Cyprinus carpio in Korea. Journal
of Fish Pathology, 23: 165-176.

Zemheri-Navruz, F., Acar, U. & Ydlmaz, S. 2019. Dietary
supplementation of olive leaf extract increases
hematological, serum biochemical parameters, and
immune-related gene expression levels in common
carp (Cyprinus carpio) juveniles. Fish and Shellfish
Immunology, 89: 672-676. doi: 10.1016/j.fsi.2019.
04.037

Zhang, R., Wang, X.W., Liu, L.L., Cao, Y.C. & zZhu, H.
2020. Dietary oregano essential oil improved the
immune response, activity of digestive enzymes, and
intestinal microbiota of the koi carp, Cyprinus carpio.
Aquaculture, 518: 734-781. doi: 10.1016/j.aquaculture.
2019.734781



