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Abstract

Transporting live fish is a common practice in fish farming, and is certainly one of the main problems that affect
fish homeostasis. In this scenario, the use of natural additives has shown promise in improving fish resistance
to adverse situations. This study aimed to assess the impact of Ocimum gratissimum L. essential oil (OGEO) on
water quality, hematological parameters, and residue levels in the plasma, fillet, and liver of juvenile piraputanga
(Brycon hilarii) during a two-hour transportation period. The fish were divided into plastic bags (4 L) and exposed
to three different OGEO concentrations (10, 20, and 30 mg L'), while a control group received no OGEO (three
repetitions each). After the two-hour transportation, blood samples were collected, as well as portions of the
fillet and liver for quantifying essential oil compounds, which were also measured in the plasma. Oxygen levels
remained high throughout the transportation period, in all groups, while the pH decreased. Hemoglobin, MCHC,
and MCH increased in fish exposed to OGEO concentrations of 20 and 30 mg L', compared to the control group.
However, lymphocyte counts and the concentrations of essential oil compounds in plasma, fillet, and liver increased
with higher OGEO concentrations. The use of 10 mg L' OGEO in the two-hour transport water is promising to
ensure the survival and well-being of Brycon hilarii juveniles (weighing 16 g), showing to be safe and effective.
The residual concentration of eugenol the major compound of OGEO in the fillet remains below the maximum
limit of the recommended daily intake.

Keywords: anesthetic, piraputanga, residual compound, water quality.

Resumo

O transporte de peixes vivos é uma pratica comum na piscicultura, e é certamente um dos principais problemas que
afetam a homeostase dos peixes e neste cenario o uso de aditivos naturais tem-se mostrado promissor para melhorar
aresisténcia dos peixes frente a situagdes adversas. Este estudo teve como objetivo avaliar o impacto do 6leo essencial
de Ocimum gratissimum L. (OEOG) na qualidade de agua, perfil hematolégico e niveis de residuos no plasma, filé e
figado de juvenis de piraputanga (Brycon hilarii) durante um periodo de transporte de duas horas. Os peixes foram
divididos em sacos plasticos (4 L) e expostos a trés concentragdes diferentes de OE OG (10, 20 e 30 mg ') enquanto
um grupo ndo recebeu OEOG. Cada grupo com trés repeticdes. Apds o transporte de duas horas, foram coletadas
amostras de sangue, bem como de filé e do figado para a quantificagao dos compostos do 6leo essencial, que também
foram mensurados no plasma. Os niveis de oxigénio permaneceram elevados durante todo o periodo do transporte,
em todos os grupos, enquanto o pH diminuiu. A hemoglobina, CHCM e HCM aumentaram nos peixes dos grupos
EOOG 20 e 30 mg L', em comparagdo ao grupo controle. No entanto, a contagem dos linfdcitos e as concentragdes
decompostos no plasma, filé e figado aumentaram com a concentra¢do mais elevada de OEOG. O uso de 10 mg L-1
de OGEO na agua de transporte de duas horas é promissor para garantir a sobrevivéncia e o bem-estar dos juvenis de
Brycon hilarii (pesando 16 g), mostrando-se seguro e eficaz. A concentracao residual de eugenol, composto majoritario
do OGEO no filé, permanece abaixo do limite maximo da ingestao diaria recomendada.

Palavras-chave: anestésico, piraputanga, composto residual, qualidade da agua.
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1. Introduction

In recent years, the production and trade of live
fish have experienced significant growth in Brazil and
worldwide, primarily driven by intensive production
methods (Valenti et al., 2021). Consequently, management
practices such as capture, biometrics, classification, and
transport have become increasingly frequent and necessary
(Becker et al., 2016). However, these management practices
can induce stress in fish (Barton, 2002).

The transport of live fish is a major procedural
impediment in the fish farming production chain and
many factors must be considered, such as fasting period
(Kubitza, 1997), oxygenation (Ferreira et al., 2022), load
density (Espinoza-Ramos et al., 2022), and time of transport
(Sampaio and Freire, 2016; Paranhos et al., 2023). In this
sense, live fish transport involves a combination of these
stressful practices, along with factors like crowding and
potential deterioration of water quality, which can negatively
impact productivity (Esmaeili, 2021; Tavares-Dias and
Martins, 2017; Valladao et al., 2018). It is known that induced
stress (caused by transport) can affect the survival rates of
animals, through delayed mortality (Schreck et al., 1989;
Iversen et al., 1998). Therefore, evaluating the recovery
time after transporting live fish is extremely important to
ensure adequate and safe handling of fish.

Stress in fish is defined as a condition in which homeostasis
is disturbed or influenced by an adverse stimulus (Balasch
and Tort, 2019). Stress responses can alter the distribution
of necessary resources, such as blood flow, release of energy
stores, in addition to compromising the immune system,
allowing the invasion of pathogens and the incidence of
diseases that generate losses in production (Green and
Haukenes, 2015; Schreck and Tort, 2016). Given its great
importance in the physiological cascade of stress, glucose
concentration is one of the main indicators of stress measured
in fish (Vijayan et al., 1990; Van Der Vyver et al., 2013).
Many researchers have demonstrated that poorly planned
management (biometrics and fish transport) were responsible
for increasing cortisol levels, activating glycogenolysis and
gluconeogenesis with increases in plasma glucose values, as
reviewed by Aydin and Barbas (2020) and Souza et al. (2019).

Therefore, to mitigate the physiological effects of stress
and promote animal welfare during transport, various
compounds have been investigated for their potential
benefits. These compounds act on multiple physiological
mechanisms, including sedation, mucus integrity and
protection, and disease prevention (Vanderzwalmen et al.,
2019). Examples of such compounds include salt
(Baldisserotto et al., 2007; Tacchi et al., 2015), probiotics
(Carvalho etal., 2009; Sutthi and Doan, 2020), plant extracts
(Mattos et al., 2023) and even synthetic anesthetics (Topic
Popovic et al., 2012; Bolasina et al., 2017).

Another area of growing research focuses on the use of
plant-derived anesthetics, such as essential oils, which have
demonstrated sedative effects, reducing fish metabolism
e consequently maintaining water quality and animal
survival, when used at appropriate concentrations (Ross
and Ross, 2008; Becker et al., 2017; Aydin and Barbas,
2020; Boaventura et al., 2021). Essential oils are complex,
volatile, natural compounds consisting of hydrocarbons and

2/11

alcohols, possessing distinct aromas, and obtained from
various plant sources (Edris, 2007; Bakkali et al., 2008;
Swamy et al., 2016). Their efficacy during fish transportation
has been confirmed by several studies reporting sedative
effects, (Benovit et al., 2012; Barbas et al., 2020), reduced
ammonia excretion and oxygen consumption, improved
immune status (Zeppenfeld et al., 2014; Salbego et al., 2017;
Boaventura et al., 2021) and extended shelf life of fish meat
due to its antimicrobial and antioxidant activity (Moosavi-
Nasab et al., 2019). Among the essential oils investigated
for fish transport, Ocimum gratissimum stands out.

Ocimum gratissimum L., commonly known as African
basil or clove basil, is a globally distributed plant. It is
used as a culinary spice and in traditional medicine for
its sedative properties and therapeutic applications
(Akaraetal.,2021). The main compounds found in Ocimum
gratissimum L. essential oil (OGEO) are eugenol (43.3%) and
1,8-cineole (28.2%) (Chagas et al., 2021), both known for their
antimicrobial properties (Zhang et al., 2013; Boijink et al.,
2016) and anesthetic/sedative effects in fish (Silva et al.,
2012b, 2015; Adewale et al., 2017). Previous studies have
investigated the effects of OGEO on the transport of matrinxa
(Brycon cephalus) (Inoue et al., 2003), tilapia (Oreochromis
niloticus) (Ferreira et al., 2021), and pacama (Lophiosilurus
alexandri) (Boaventura et al., 2021). However, there is a
lack of information in the literature regarding the use of
anesthetics added to fish transport water and on residues
of theses compounds in plasma, liver and fillet. Something
important to be investigated, as it is essential these anesthetic
does not leave residues in the meat.

Fish species belonging to the genus Brycon, such as
Brycon orbignyanus, Brycon amazonicus, and Brycon hilarii,
are highly regarded in fisheries and animal production
due to their excellent growth performance (Zaniboni
Filho et al., 2006; Antunes et al., 2010). Specifically, B. hilarii
is appreciated for its excellent meat quality.

Therefore, this study aimed to evaluate the efficacy of
OGEO in the transport water of B. hilarii juveniles, focusing
on hematological and biochemical parameters, water
quality, and tissue and plasma residue levels.

2. Material and methods

2.1. Animals and experimental conditions

The present study followed the guidelines for
experimental procedures in animal research by Animal
Use Ethics Committee (CEUA) of the State University
do Mato Grosso do Sul - UEMS, Aquidauana, MS, Brazil
(Protocol n® 013/2021).

Piraputanga (Brycon hilarii) juveniles were acquired
from a commercial fish farm and acclimated for a period
of 30 days in an 8 m hapa net cages installed in a pond
with continuous water flow at the fish farming unit of
UEMS, located in Aquidauana - MS, Brazil. During the
acclimation period, the average water quality parameters
were monitored as follows: dissolved oxygen, 5.21 mgL";
temperature, 29.36 °C (measured using Alfakit AT 160);
and pH, 6.48 (measured with a pH meter, Quimis QA338).
The fish were fed twice daily with a commercial feed
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containing 360 g kg crude protein, 80 g kg ether extract,
150 g kg mineral matter, and 600 mg kg vitamin C,
as specified by the manufacturer. Prior to the transport
experiment, all fish were fasted for a period of 24 h.

2.2. Ocimum gratissimum essential oil production and
dissolution in water

The OGEO was obtained by hydrodistillation of fresh
leaves of Ocimum gratissimum at the medicinal plant unit
of Embrapa Western Amazon in Manaus - AM, Brazil.

To achieve complete dissolution in water, Ocimum
gratissimum essential oil (OGEO) was diluted in ethyl
alcohol (95%). The dilution ratio used for all concentrations
of OGEO studied was 1:10 (v/v). Figure 1 illustrates the
chemical composition of OGEO.

2.3. Experimental design

A total of 108 juvenile piraputanga fish (16.54+1.65 g
and 11.56 + 0.42 cm) were randomly assigned to four
treatment groups, with three replications each (n=9 per
group). The experimental units consisted of 12 plastic bags
(59.5x80.5 cm) with a total volume of 10 L, containing 4 L
of water and 2/3 pure oxygen. The OGEO stock solution
was diluted in ethyl alcohol 95% P.A (1:10) and tested at
concentrations of 10 mg L' (group 1), 20 mg L (group 2),
and 30 mg L' (group 3), along with a control group (group 4)
where only ethyl alcohol was added.

The plastic bags were sealed with an elastic band and
placed on the body of a vehicle for a two-hour transport
period (Ventura et al., 2020). After transport, the bags were
opened, and water quality parameters were measured. Four
fish from each bag (n=12 per treatment) were sampled for
blood and tissue collection. The remaining fish from each
treatment were relocated to four circular tanks with a useful
volume of 100 L, equipped with continuous water flow
and aeration, for assessment of survival rate and return
to feeding for up to five days post-transport.

2.4. Blood collection and analysis

Blood samples were collected by caudal puncture
using needles and syringes dipped in EDTA (3%). Blood
glucose levels were quantified using individual aliquots
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Figure 1. Chemical composition (%) of Ocimum gratissimum L.
essential oil (OGEO) determined by gas chromatography-mass
spectrometry (GC-MS).
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of blood added to a glucose meter (Accu Chek - Active
Roche), followed by reading. Hematocrit (Ht) was
determined using the microhematocrit method described
by Goldenfarb et al. (1971). Hemoglobin (Hb) levels were
measured by spectrometry using the cyanmethemoglobin
method described by Collier (1944), with a Labtest kit
and a spectrophotometer set at 540 nm. The number of
erythrocytes (Er) was counted in a Neubauer chamber
after diluting the blood in formalin citrate solution
(1:200). From these data, the following hematimetric
indices were calculated: mean corpuscular volume (MCV,
fL) = hematocrit | erythrocytes x 10; mean corpuscular
hemoglobin concentration (MCHC) = hemoglobin /
hematocrit x 100; and mean corpuscular hemoglobin
(MCH) = hemoglobin [ erythrocytes x 10, as proposed by
Ranzani-Paiva et al. (2013).

Blood smears were prepared and stained with May
Griinwald-Giemsa-Wright according to Tavares-Dias and
Moraes (2004). Total leukocyte count, total thrombocyte
count, and leukocyte differentiation were performed
using an optical microscope with an oil immersion
objective (100x). Plasma was obtained by centrifuging
the blood (10 min) and used for the analysis of residual
OGEO compounds.

2.5. Analyses of residual OGEO compounds in plasma,
liver, and fillet

Fish from the blood collection were euthanized by
deepening hypothermia in isothermal boxes with ice
and rapid brain concussion. Liver and fillet samples were
collected, labeled, and frozen at -20 °C. The analysis residual
OGEO compounds ware carried out collaboration with the
Instrumental Analysis Laboratory (CERNA) of the State
University of Mato Grosso do Sul in Dourados - MS, Brazil.

Two grams of each tissue from each fish were weighed,
and 10 mL of chromatographic grade hexane was added.
The samples were homogenized and stirred in an ultrasonic
tank (L-100-Schuster) for 30 min. Plasma samples (500 pL)
were extracted with 2 mL of hexane (chromatographic
grade) in an ultrasonic chamber for 5 min.

The hexane fraction was filtered, and the residue
was extracted again three times consecutively using
the same sample. The hexane fractions were combined
and evaporated in a fume hood. The residue was then
redissolved in 200 pL of hexane for analysis using gas
chromatography coupled to mass spectrometry (GC-
MS-2010 Ultra, Shimadzu, Kyoto, Japan).

To construct the analytical curve, concentrations
ranging from 0.1 to 100 pg L' for plasma analysis and
0.1to 100 pg kg for liver and fillet analysis were prepared
using 1,8-cineole, f-Z-ocimene, eugenol, f-elemene, and
germacrene D. The limits of detection and quantification
were determined using the signal-to-noise ratio approach.

Gas chromatography coupled to mass spectrometry
was used for the analyses under the following conditions:
helium gas (99.99% purity and flow rate of 1.0 mL min'),
1 pL injection volume in splitless mode. The oven
temperature was programmed from 50 °C to 280 °C at
a rate of 3 °C per minute, using a DB-5 column (30 m
length x 0.25 mm internal diameter, 0.25 pm thickness).
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Compound identification was performed by calculating
the retention index using linear alkanes standard (C,-C,,,
Sigma Aldrich, purity > 98%) and comparing the data and
mass spectra of the samples with references (Adams, 2007)
as well as databases National Institute of Standards and
Technology (NIST Chemistry Webook).

Plasma and tissue analyses were performed using the
same equipment and analysis conditions. The EO sample
was prepared at a concentration of 1000 pg mL" in hexane
(HPLC grade) and further diluted to a concentration of
100 pg mL! for analysis. Tissue samples (fillet and liver)
were thawed in a temperature-controlled environment
(22 °Q).

2.6. Water quality

Water quality parameters including temperature,
oxygen levels (measured using an oximeter, Alfakit AT160),
pH (measured using a digital device, Quimis QA338), and
total ammonia (NH4*) (Labcon Test) were measured before
and after transport.

2.7. Statistical analysis

The data were assessed for normality (Shapiro-Wilk test)
and homoscedasticity of variances (Bartlett test). Water
quality parameters were analyzed using ANOVA, followed
by Tukey’s post-test (P < 0.05), except for ammonia, which
was subjected to the Kruskal-Wallis test and Dunn’s test
(P < 0.05). Blood parameters and residual compounds
data were analyzed using ANOVA and linear regression
(P < 0.05). All statistical analyses were performed using
R statistical program version 3.4.3 (ExpDes.pt package).
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3. Results

3.1. Blood parameters

The concentrations of Ocimum gratissimum essential
oil (OGEO) used in the transport water of Brycon hilarii
juveniles were found to be effective and safe, with minimal
impact on the hematological and biochemical parameters
of the fish.

The concentration of Ocimum gratissimum L. essential
oil (OGEO) had a quadratic effect on the parameters of
hemoglobin, mean corpuscular hemoglobin concentration
(MCHC) e mean corpuscular hemoglobin (MCH), with
values increasing at OGEO concentrations of 20 and 30 mg
L' compared to the control group (Figure 2). Hematocrit,
erythrocytes, mean corpuscular volume (MCV), and glucose
levels were not significantly affected by transport or the
OGEO treatments (P > 0.05).

The lymphocyte count showed a significant linear
increase, which was attributed to the increasing OGEO
concentrations in the transport water. However, in
neutrophils, the linear regression equation did not indicate
an increasing trend, as the highest values were observed
in fish transported with a concentration of 10 mg L,
followed by the group of fish that did not receive OGEO
in the water. Monocytes, thrombocytes, and leukocytes
were not significantly affected by transport or the OGEO
treatments (Table 1).

3.2. Residual compounds

The presence of residual OGEO compounds in the
plasma, fillet, and liver at the end of transport did not
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Figure 2. Mean (+SD) hemoglobin and hematimetric indices (MCHC and MCH) of juvenile Brycon hilarii after two hours of transport
in plastic bags with different concentrations of Ocimum gratissimum essential oil (OGEO) in water.
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Table 1. Means (+SD) differential and total leukocyte counts of juvenile Brycon hilarii after two hours of transport in plastic bags with
different concentrations of Ocimum gratissimum essential oil (OGEO) in water.

Concentrations of OGEO (mg L)

v
Parameters P-value Regression model R?
0 10 20 30 (%)
Lymphocytes 61.16 + 6.56 62.94 £9.60 81.74 £ 31.62 116.62 £ 0.52 0.038 Y=53.565 + 1.674x 0.85 24.14
(x103uL )
Neutrophils 44.85 +16.26 55.53+£5.34 23.23 £13.95 21.50£3.24 0.040 Y=51.635 -1.023x 0.62 37.67
(x103uL ")
Monocytes 27.63 +6.90 22.67 +£10.80 7.60 £ 1.95 11.41 £1.94 0.088 ns - 54.19
(x10°uL-")
Thrombocytes 44.68 +3.49 33.34 £8.13 36.58+9.82 44.96 +11.06 0.640 ns - 33.14
(x103uL )
Leukocytes 38.55 £10.98 24.91 +5.06 11.16 + 1.13 19.48 £12.13 0.072 ns - 46.69
(x103uL ")
Erythrocytes 2.76 £0.53 2.76 £0.32 2.55+0.79 2.89+0.12 0.860 ns 18.33
(x10°uL-")

cause any toxic effects. Residues of eugenol, 1,8-cineole,
germacrene D, B-elemene, and B-Z-ocimene were detected
in the plasma, fillet, and liver of juvenile B. hilarii. Linear
regression analysis (P < 0.05) indicated that the levels of
residual compounds increased with higher concentrations
of Ocimum gratissimum essential oil (OGEQ) in the transport
water. No residues of the analyzed compounds were found
in the control treatment (Table 2).

Eugenol, is the main constituent of OGEQ, and exhibited
the highest residual values in the plasma, fillet, and liver
of B. hilarii across all concentrations used in the transport
water.

3.3. Water quality and mortality

Table 3 displays the water quality parameters and
survival rates before and after transport. No mortalities
were recorded during transport, but within the five-day
post-transport observation period, three deaths occurred
in the control group, while one death each occurred in the
10, 20, and 30 mg L' OGEO groups. Nonetheless, there
was no significant difference (P > 0.05) in mortality rates
between the treatments.

The concentration of dissolved oxygen remained high
in the control group and in the group receiving 20 mg L*?,
12.31 mg L' and 12.08 mg L' of OGEO, respectively,
after transport. Regarding temperature, no significant
differences were observed between the groups. However,
the temperature was higher (30 °C), and the values were
significantly (P < 0.05) elevated in all treated groups
compared to the temperature observed before transport.
The pH decreased in all groups compared to the pre-
transport values (P < 0.05). Ammonia levels did not differ
significantly between the groups (P < 0.05).

4. Discussion

The concentrations of Ocimum gratissimum essential
oil (OGEO) used in the transport water of Brycon hilarii
juveniles were found to be effective and safe, with minimal
impact on the hematological and biochemical parameters

Brazilian Journal of Biology, 2024, vol. 84, e280240

of the fish. The presence of residual OGEO compounds in
the plasma, fillet, and liver at the end of transport did not
cause any toxic effects.

The use of anesthetics before and during fish transport
is a common practice in fish farming as it helps reduce
fish metabolism and oxygen consumption, resulting in
lower production of CO, and ammonia (Harmon, 2009;
Sampaio and Freire, 2016). The increase in temperature
after transport was expected, as the air temperature during
transport was 32 °C, and the packages were not insulated
to prevent temperature fluctuations. Higher temperatures
can lead to increased oxygen consumption and ammonia
concentration in the water.

pH plays arole in regulating the toxicity of metabolites
such as ammonia and maintaining the balance between
€0, and HCO," by releasing H+ ions when the pH decreases
(Kubitza, 1998). The decrease in pH observed in the
transport water was likely due to the accumulation of
CO, generated by the natural respiration of the fish, causing
acidification (Boyd and Tucker, 2012; Kamalam et al.,
2017), which prevented an increase in ammonia toxicity.
The biggest problem encountered in transporting fish
in plastic bags is the accumulation of carbon dioxide
and ammonia (caused by physiological processes such
as respiration and excretion), which can generate stress
in fish (Carneiro et al., 2009; Sampaio and Freire, 2016).

Dissolved oxygen concentration is a critical parameter
for the transport system. Dissolved oxygen levels remained
high after transporting B. hilarii, which can be attributed
to the use of pure oxygen in transport bags, a common
practice among fish producers (Inoue et al., 2005; Sampaio
and Freire, 2016). Vehicle movements and the pressure
on the transport bags can also increase dissolved oxygen
levels (Zeppenfeld et al., 2014; Mazandarani et al., 2017).
The water fluctuations observed during transport were
within acceptable levels, as the B. hilarii juveniles arrived
with 100% survival.

Studies have shown that OGEO can act as an efficient
natural anesthetic (Silva et al., 2015; Ribeiro et al., 2016;
Aydin and Barbas, 2020; Silva et al., 2020), anthelmintic
(Boijink et al., 2016), immunomodulator, and growth
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Table 2. Residual compounds in plasma fillet and liver (mean + SD) after a two-hour transport of Brycon hilarii juveniles in plastic bags
containing water with different concentrations of Ocimum gratissimum essential oil (OGEO) in water.

Plasma
Corg](a;:l(l)nds o Concelnotratlons of OGEOZ(:)ng L) 0 P - value Regression model R? (ng/)
Eugenol 0.00 £ 0.00 9.62 +0.05 20.18 £0.21 29.60 + 0.02 <0.001 =-0.0518+0.9936x 099  0.07
(ngkg")
1,8-Cineole 0.00 0.00 5.01+0.03 11.03 £0.14 16.08 +0.01 <0.001 Y=-04256+01311x 093 049
(ng kg')
Germacrene-D 0.00 0.00 1.48 +0.03 275 +0.01 4.97 £0.05 <0.001 Y=-01282+01616x  0.99 114
(ng kg')
B-Elemene 0.00 +0.00 110 +0.03 2.23+0.02 3.37+0.06 <0.001 Y=-0.0113+01123x  0.99 210
(ngkg")
B- Z-ocimene 0.00 0.00 0.77 +0.01 142 +0.02 212+0.03 <0.001 Y = 0.0259 + 0.700x 0.99 1.64
(ngkg™)
Muscle
Eugenol 0.00 +0.00 12.17 £0.01 24.03 +0.05 36.32+0.12 <0.001 Y=0.0082+12083x 099  0.07
(ng kg")
1,8-Cineole 0.00 0.00 7.07 £0.01 14.04 + 0.02 21.04 % 0.02 <0.001 Y=0.0262+0.7009x 099  0.49
(ng kg")
Germacrene-D 0.00 0.00 215+0.02 430 +0.02 6.53 +0.03 <0.001 Y=-0.0169 +0.2178x  0.99 114
(ng kg™')
B-Elemene 0.00 +0.00 1.87 +0.01 310 +0.04 458 +0.02 <0.001 Y=0.1430 + 0.1497x 0.99 210
(ngkg")
B-Z-Ocimene 0.00 0.00 0.87 +0.01 158 +0.06 2.35+0.01 <0.001 Y=0.1913 + 0.0492x 0.91 2.47
(ng kg™")
Liver
Eugenol 0.00 0.00 8.04+0.06 17.09 + 0.10 26.36 +0.03 <0.001 Y=-03477+08813x 099  0.46
(ngkg")
1,8-Cineole 0.00 +0.00 7.75 2.97 10.24+0.18 15.04 +0.02 <0.001 Y = 1.1183 + 0.4760x 095  18.04
(ng kg™')
Germacrene-D 0.00 +0.00 1.50 +0.02 2.66+0.01 4.59+0.03 <0.001 Y=-0.0500+01492x 099  0.76
(ng kg™')
B-Elemene 0.00 +0.00 0.95 +0.00 1.95 +0.02 3.50 +0.03 <0.001 Y=-01262+0.1151x  0.98 1.20
(ngkg")
B-Z-Ocimene 0.00 0.00 0.86 +0.00 1.56 + 0.01 2.35+0.01 <0.001 Y=0.0316+0.0774x 099  0.68
(ng kg')

Table 3. Water quality parameters and survival before and after (mean + SD) a two-hour transport of Brycon hilarii in plastic bags
containing different concentrations of Ocimum gratissimum L. essential oil (OGEO) in water.

After transport Concentrations of OGEO (mg L)

Parameter Before transport
0 10 20 30
Dissolved oxygen (mg L") 5130 12.31 +£3.25° 8.98 + 114 12.08 £ 3.68° 7.63 +1.88*
Temperature (°C) 26.40° 30.53 £1.18* 30.93 £0.312 30.40 £0.90° 30.06 £ 0.69°
pH 6.69 6.13 £0.01° 6.14 + 0.00 6.31 £ 0.012 6.26 £ 0.01°
Total ammonia 0.00* 0.012 + 0.006* 0.011 +0.00° 0.010 + 0.007° 0.012 +0.003*
Survival (%) 100 88.98° 96.30° 96.30° 96.30°

Notes below = Different letters in the rows indicate significant differences between groups after transport. The ammonia was submitted to the Kruskal-

Wallis test followed by the Dunn’s test P (<005).

promoter when added to the diet of O. niloticus (Brum et al.,
2017). In addition to its use as a safe alternative for
short-term transport (Benovit et al., 2012), as it does not
affect hematological parameters, there is a lack of studies
evaluating the clearance period of OGEO in fish.

The use of OGEO during transport did not prevent
hyperglycemia in B. hilarii juveniles, which is consistent
with observations in Pseudoplatystoma reticulatum
anesthetized with OGEO (Silva et al., 2020). Fish release
corticosteroids and catecholamines in stressful situations,
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activating glycogenolysis and gluconeogenesis, resulting in
increased glucose levels as an adaptive response to provide
energy during transport and help maintain homeostasis
(Barton and Iwama, 1991; Pankhurst, 2011; Sena et al.,
2016). Although OGEO has a sedative effect, there was
no reduction in energy demand during the transport
conducted in this study. The disturbance in the water inside
the plastic bags caused by transport via car, along with
exposure to ambient temperature, may have contributed
to the observed lack of reduction in glucose levels in this
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study. The catecholamines released also regulate cardiac
and respiratory functions, by promoting increased blood
flow, resulting in an increase in red cells and a greater
affinity of hemoglobin for oxygen. This process optimizes
tissue oxygenation, ensuring adequate cardiorespiratory
function (Reid, 2011; Wendelaar Bonga, 2011).

Hemoglobin, along with erythrocytes and red cells, is
responsible for oxygen transport in the blood (Maekawa
and Kato, 2015), and its concentration can increase in
response to stress and hypoxia to enhance oxygen transport
and supply energy (Wojtaszek et al., 2002; Souza and
Bonilla-Rodriguez, 2007). The OGEO concentration of
30 mg L in the transport water significantly increased the
hemoglobin concentration in the fish, leading to greater
oxygen expenditure. Chagas et al. (2012) also observed
an increase in hemoglobin concentration in tambaqui fed
diets containing p-glucan after a 3-h transport.

The hematimetric indices MCHC and MCH exhibited
increased values at the highest concentration of OGEO.
These indices are useful in monitoring pathologies
and stress and reflect the physiological state of the
animal (Silva et al., 2012a). The increase in hemoglobin
concentration is associated with the observed changes
in these indices. No significant difference was found in
the erythrocyte count, consistent with the findings of
Abreu et al. (2008) during a 4-h transport of B. amazonicus.
Overall, the hematological values of juvenile B. hilarii
observed in this study align with the established
hematological profiles for the genus Brycon (Dal'B6 et al.,
2015). Stressors can, in certain situations, cause harmful
deformation in the morphology of red blood cells, while the
number of erythrocytes remains constant (Esmaeili, 2021).

The fish that received OGEO concentrations of 20 and
30 mg L in the transport water exhibited a reduction in
the number of neutrophils, monocytes, and leukocytes
compared to the fish that did not receive OGEO. This
decrease in immune cell count can be attributed to the
higher OGEO concentrations and suggests a potential
weakening of the immune system (Vosyliené, 1999) due
to exposure to OGEO. Lymphocytosis was observed as the
concentrations of OGEO in the transport water increased.

Lymphocytes are the predominant cells in most fish
species and play a crucial role in antigen recognition
(Tavares-Dias et al., 1999; Ranzani-Paiva, 2007), consistent
with the findings of this study. They contribute significantly
to immune function, and an increase in their numbers may
indicate immune stimulation (Clauss et al., 2008; Montanha
and Pimpao, 2012). Similar findings of increased lymphocyte
numbers were reported in Piaractus mesopotamicus
anesthetized with Ocimum basilicum essential oil at
concentrations up to 350 mg L' (Ventura et al.,, 2021).
Neutrophils play a vital role in the microbicidal activity of the
respiratory burst, converting molecular oxygen into oxygen
compounds and metabolites (Plyzcz et al., 1989). Stressors
can lead to an increase in the number of neutrophils, as
observed in this study with fish transported at 10 mg L' of
OGEO. Glucocorticoid hormones, supposedly, can influence
the redistribution of lymphocytes from the blood to other
tissues and promote the release of neutrophils from the
leukopoietic organs into the blood (Dhabhar et al., 1996;
Grzelak et al., 2017)
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Studying the residues of essential oil compounds
in animals is important for determining their various
applications. The residual compounds analyzed in the
transport water were absorbed by the plasma, fillet, and
liver of juvenile B. hilarii. The concentrations of each
compound found were proportional to the percentage
composition of OGEO and the concentrations applied in
the transport water. This observation can be explained
by the rapid absorption, exposure time, and low water
solubility of OGEOQ, as also observed in the fillet of O. niloticus
anesthetized with clove oil and benzocaine (Pereira et al.,
2015). Although anesthetic residues are not harmful to
human health according to Stone and Tostin (1999), they
can affect the taste of fish meat, emphasizing the need for
a purification period to reduce compound concentrations
(Botrel et al., 2017).

Eugenol, the major compound found in plasma, fillet,
and liver, is consistent with the composition of OGEO.
Essential oils are known to be complex, containing up to
60 compounds in varying concentrations, with two to three
major compounds that often determine their biological
properties (Bakkali et al., 2008). Eugenol is a well-known
natural compound used in aquaculture due to its sedative
and anesthetic effects on fish. It is readily available in the
market at a low cost (Inoue et al., 2003) and possesses
various beneficial properties such as analgesic, antiseptic,
anti-inflammatory, antibacterial, and antifungal actions
(Kamatou et al., 2012; Singh et al., 2018). After anesthesia,
eugenol residues are eliminated from the fish organism
within 24 h (Delbon and Ranzani-Paiva, 2012). According
to the FAO (2007), the limit of eugenol intake in muscle
tissue is 2.5 mg kg, which is higher than the recorded
value of 26.32 pg kg in this study.

Cineole, also known as eucalyptol, is a terpene compound
found in several essential oils, primarily in eucalyptus
oil (Eucalyptus globulus Labill) (Dhakad et al., 2018).
It exhibits anti-inflammatory, antioxidant (Ryu et al., 2014;
Caceres etal,, 2017), and insecticidal properties (Kiran and
Prakash, 2015). Mazandarani and Hoseini (2016) reported
that 1,8-cineole induced deep anesthesia in Cyprinus
carpio at concentrations ranging from 300 to 800 mgL’,
while concentrations from 200 to 800 pL L' induced deep
anesthesia in trout (Oncorhynchus mykiss) (Mirghaed et al.,
2018). Nevertheless, these studies did not report on residues
in fish. According to Bullangpoti et al. (2018), 1,8-cineole
inhibited acetylcholinesterase and exhibited moderate
toxicity to guppy (Poecilia reticulata) after 24 h of exposure,
with the LC50 concentrations for females and males being
3997 and 1701 mg L', respectively.

The health benefits of essential oils are closely related
to their chemical constituents. While the main compounds
often determine the biological properties of the oils, the
synergistic effect of secondary compounds also plays
a significant role (Rattan, 2010; Raut and Karuppayil,
2014; Zhou et al., 2019). Considering the low residual
concentrations of cineole found in the analyzed tissues,
together with eugenol, this study demonstrates the
promising use of OGEQ in the transport water of juvenile
B. hilarii to ensure the well-being of the fish.

711



Oliveira, F.C. et al.

5. Conclusion

The use of 10 mg L' OGEO in the two-hour transport
water is promising to ensure the survival and well-being
of Brycon hilarii juveniles (weighing 16 g), showing to be
safe and effective. The residual concentration of eugenol
the major compound of OGEO in the fillet remains below
the maximum limit of the recommended daily intake.
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