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ABSTRACT: The objective of this study was to evaluate the efficacy of the citral chemotype of Lippia alba essential oil (EOLA) as an additive
in a simulated transport with different loading densities of tambaqui (Colossoma macropomum) juveniles. Simulated transport of tambaqui
juveniles at three loading densities (30, 60 and 90 fish/L) was carried out either with only water (WC) or 20 μL.L-1 EOLA. Dissolved oxygen
levels, pH, conductivity and temperature of the water were measured at the beginning and end of the simulated transport. Treatment with EOLA
did not change survival or dissolved oxygen levels at the end of simulation. The pH of the water at the end of simulation with EOLA was lower
than in that of WC but did not change with loading density. Water conductivity increased with loading density; however, it was lower in the
groups with EOLA. The addition of EOLA can be useful in long-term transportation at high loading densities, but further studies related to
tambaqui physiology are required.
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Óleo essencial de Lippia alba quimiotipo citral como aditivo em transporte simulado
de juvenis de Tambaqui com diferentes densidades

RESUMO: O objetivo deste estudo foi avaliar a eficácia do óleo essencial de Lippia alba quimiotipo citral (EOLA) como aditivo em
transporte simulado com diferentes densidades de carga de juvenis de tambaqui (Colossoma macropomum). O transporte simulado de juvenis
de tambaqui em três densidades de carga (30, 60 e 90 peixes / L) foi realizado apenas com água (WC) ou 20 μL.L-1 EOLA. Níveis de oxigênio
dissolvido, pH, condutividade e temperatura da água foram medidos no início e no final do transporte simulado. O tratamento com EOLA não
alterou a sobrevivência ou os níveis de oxigênio dissolvido no final da simulação. O pH da água no final da simulação com o EOLA foi menor
que o do WC, mas não mudou com a densidade de carga. A condutividade da água aumentou com a densidade de carga, no entanto foi menor
nos grupos com EOLA. A adição de EOLA pode ser útil no transporte de longo prazo em altas densidades de carga, mas são necessários mais
estudos relacionados à fisiologia do tambaqui.
Palavras-chave: transporte de peixes, aditivo, qualidade de água, Lippia alba, oxigênio, condutividade.

The discovery of natural substances
that can be used as sedatives and/or anaesthetics
in aquaculture is increasing (HOSEINI et al.,
2018). Among these natural substances that have
been researched, the essential oil of Lippia alba
(EOLA) is one of the most studied in freshwater
fish such as Rhamdia quelen (CUNHA et al., 2010),
Colossoma macropomum (BATISTA et al., 2018;
Received 10.21.19

MAIA et al., 2019) and Oreochromis niloticus
(HOHLENWERGER et al., 2016).
The plant Lippia alba is widely found from
north to south Brazil and has several chemotypes:
linalool, citral, limonene and carvone, which also
vary qualitatively and quantitatively according to
geographic and climatic factors (AGUIAR et al.,
2008). The linalool chemotype of the EOLA showed
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promising results as a sedative for fish transport
(SOUZA et al., 2019), but the effect of the citral
chemotype as a sedative was only observed in R.
quelen (SOUZA et al., 2019; SOUZA et al., 2018).
The tambaqui (Colossoma macropomum)
is distributed by the rivers of the Amazon and Orinoco
basin, and has a meat that is appreciated by the local
population. Among the characteristics that make the
species suitable for farming are their ability to adapt
to environmental changes and demonstrate good
feed acceptance, good feed conversion and rapid
growth (VALLADÃO et al., 2018). Therefore, the
objective of this study was to evaluate the efficacy
of the citral chemotype of EOLA as an additive in the
simulated transport of tambaqui juveniles at different
loading densities.
A total of 1080 tambaqui juveniles (1.12
± 0.28 g) were used in the simulated transport, at
loading densities of 30 (D30: 33.60 ± 9.40 g.L-1), 60
(D60: 67.20 ± 16.8 g.L-1) and 90 (D90: 100.8 ± 25.2
g.L-1) fish/L (three replicates each). Juveniles were
not feed for 24 hours. The simulated transport was
carried out for 17 h, 26.6-27.1 oC, at the UAGRO Fish
Production Station - Santa Rosa / SEDAp - SantarémPA, following the protocol of Silva et al. (2017). There
were two treatments: EOLA at 20 μL.L-1 (diluted in
ethanol at the ratio of 1:10), which corresponds to
10% of the lowest effective concentration for deep
anaesthesia in tambaqui (BATISTA et al., 2018;
SILVA et al., 2019) and water only (control - WC).
Each experimental unit was composed of a plastic
bag of total volume 7 L, containing 1 L of water
and 2/3 of the complete volume with pure oxygen.
Temperature, pH, dissolved oxygen and conductivity
levels were measured using a YSI multiparameter
apparatus, before and after transport simulation. After,

juveniles were transferred to a 7 L plastic container
with continuously aerated water and maintained for
24 h for verification of survival.
The
extraction
and
chemical
characterisation of EOLA was carried out as described
by SOUZA et al. (2017). The data were submitted to
the Levene test to evaluate homoscedasticity. As data
presented homogenous variances, two-way analysis
of variance was followed by the Tukey test for mean
comparison (P<0.05) using Sigma Plot software
v.11. The experiment was approved by the Ethical
Committee of Pará State University - Brazil, under
registration no. 042-2012.
The results showed that citral was
present as the main compound in EOLA (table 1).
Treatments did not change survival or dissolved
oxygen levels at the end of simulation. There was
an increase in pH after 17 h of transport in both
treatments; however, the addition of 20 μL.L-1
EOLA reduced the pH of the water as compared to
the respective control groups. There was no effect of
loading density on water pH. There was an increase
in conductivity with increasing loading density for
both treatments, but conductivity was lower in the
water of fish exposed to 20 μL.L-1 EOLA at densities
of 60 and 90 fish / L (Table 2).
The citral chemotype of EOLA is effective
as a sedative and anaesthetic in tambaqui (SILVA et
al., 2019) and in the silver catfish, Rhamdia quelen
(CUNHA et al., 2010), but further studies with the
latter species demonstrated that it induces more
side effects that the linalool chemotype (SOUZA et
al., 2018). However, SILVA et al. (2017) verified an
improvement in the physical and chemical parameters
of the water of transport with the use of the L. alba
hydrolate (citral chemotype).

Table 1 - Main compounds of the Lippia alba essential oil.
Compounds
Citral
Limonene
E-geraniol
Bicyclogermacrene
Z-geraniol
γ-terpinene
Elemol
γ-muurolene

%

IRcal

IRLi

54.256
6.148
5.322
3.72
3.566
3.164
3.151
2.455

1270
1026
1256
1495
1229
1058
1549
1476

1267
10292
12531
15001
12301
10601
15501
14801

IRcal index retention calculated; IRLi indexretention library.
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Table 2 - Dissolved oxygen (mg.L-1), electrical conductivity (µS.cm-1), temperature (ºC) and pH, after 17 h transport simulations of
tambaqui juveniles. Load densities (D) of 30, 60 and 90 fish L-1 were tested in combination with EOLA concentrations of 20
µL.L-1, and water was used as the control (WC).
-----------------------------------------------------------------Dissolved oxygen (mg.L-1)-------------------------------------------------------------------Before
D30
D60
D90
WC
6.16±0.01Aa
5.19±2.13Aa
3.97±1.04Aa
3.58±0.73Aa
EOLA 20µL
6.25±0.00Aa
4.87±0.46Aa
2.55±0.79Aa
3.01±0.75Aa
---------------------------------------------------------------------Temperature (ºC)--------------------------------------------------------------------------WC
28.85±0.07Aa
26.76±0.05Ba
26.66±0.05BCa
26.63±0.05Ca
Aa
Bb
Bb
EOLA 20µL
28.8±0.00
27.00±0.00
27.10±0.00
27.10±0.00Bb
----------------------------------------------------------------------------pH------------------------------------------------------------------------------------WC
5.40±0.35Aa
6.00±0.00Ba
6.13±0.11Ba
6.16±0.05Ba
EOLA 20µL
5.27±0.10Aa
5.83±0.05Ba
5.83±0.05Bb
5.96±0.05Bb
----------------------------------------------------------------Electrical conductivity (µS.cm-1)-------------------------------------------------------------WC
10.90±0.48Aa
154.46±10.69Aa
346.03±12.80Ba
435.20±16.41Ca
Aa
Aa
Bb
EOLA 20µL
10.90±0.26
153.63±8.56
263.56±6.53
397.10±42.78Cb
Superscripted lower-case letters indicate significant differences between EOLA concentrations (rows) for each load density (column).
Superscripted capital letters indicate significant differences between load densities for each EOLA concentration by ANOVA TWO
WAY, Tukey test (P<0.05).

In this study, we reported that the use of
EOLA in the water during transport was effective
only at higher loading densities (60 and 90 fish /
L), reducing the increase in conductivity, which
demonstrated a lower level of ion loss by the fish. The
same pattern of results was observed by SILVA et al.
(2017) with L. alba hydrolate for the same species and
BECKER et al. (2012) with the linalool chemotype of
EOLA for silver catfish.
Results regarding conductivity suggested that
the citral chemotype of EOLA may improve the quality
of the transport water for tambaqui. However, further
studies related to the effects of EOLA on biochemical
and physiological parameters are necessary for a better
understanding of the effects of this essential oil.
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