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ABSTRACT

The present study aimed to evaluate the influence of garlic essential oil (GEO) on the
growth performance and morphometric variables of severum (Heros severus) post-larvae.
A growth trial was performed using 150 severum post-larvae (1.6 £ 0.03 mg and 5.58 +
0.1 mm), distributed in fifteen 1-L aquaria, with constant aeration. The fish were essayed
in a completely randomized design with five treatments, using diets containing graded
levels of GEO (0.00, 0.05, 0.50, 1.00 and 1.50 g kg'') and three replicates. The diets were
offered four times a day, until apparent satiation, for 30 days. At the end of the
experiment, the fish were counted, weighed and measured, to evaluate growth
performance and morphometric variables. Increased diet levels of GEO resulted in a
linear reduction in growth performance parameters, except for the survival rate, weight
and length uniformity of the batch, and morphometric variables which did not present
significant differences. Elevated concentrations of dietary GEO may be detrimental to
larvae and post-larvae of fish, which could be more sensitive to the potential damage that
high concentrations of this essential oil may cause. Therefore, the inclusion of GEO in
levels above 0.05 g kg'! in diets for severum post-larvae is not recommended.
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RESUMO

O presente estudo teve como objetivo avaliar a influéncia do 6leo essencial de alho (OEA)
sobre o desempenho produtivo e as variadveis morfométricas de pos-larvas de acara severo
(Heros severus). Foi realizado ensaio de crescimento com 150 pos-larvas severas (1,6 +
0,03 mge 5,58 + 0,1 mm), distribuidas em quinze aquarios de 1 L, com aeracao constante.
Os peixes foram distribuidos em delineamento inteiramente casualizado com cinco
tratamentos, dietas contendo diferentes niveis de OEA (0,00; 0,05; 0,50; 1,00 e 1,50 g kg
1) e trés repeticdes. As dietas foram oferecidas quatro vezes ao dia, até saciedade aparente,
por 30 dias. Ao final do experimento, os peixes foram contados, pesados e medidos, para
avalia¢ao do desempenho produtivo e das varidveis morfométricas. O aumento dos niveis
de OEA na dieta resultou em redugdo linear nos parametros de desempenho produtivo,
com excec¢do da taxa de sobrevivéncia e uniformidade de peso e comprimento do lote,
que ndo apresentaram diferengas significativas, assim como as variaveis morfométricas.
Concentragdes elevadas de OEA na dieta podem ser prejudiciais para larvas e pds-larvas
de peixes, que podem ser mais sensiveis ao dano potencial que altas concentragdes deste
6leo essencial podem causar. Portanto, a inclusdo de OEA em niveis acima de 0,05 g kg
! em dietas para pos-larvas de acara severo nio é recomendada.

Palavras-chave: Allium sativum, extratos vegetais, larvicultura, peixe amazonico.

INTRODUCTION

The severum (Heros severus) is among
the Amazonian fish that have potential as
an ornamental species. It stands out for
its  bright yellowish color, good
adaptation to fish tank environments and
easily spawning under captivity (Favero
et al., 2010; Alishahi et al., 2014). In
natural occurrence sites, severum feeds
on small invertebrates and plant material
(Alishahi et al., 2014), whereas in
captivity it can readily accept
industrialized diet.

The post-larvae stage is a critical period
in early fish farming, in which most of
the fish’s biological system is not
entirely developed, hence being sensitive
to many types of stressors. Thus, to
improve general health status, different
products are often used in aquaculture as
prophylactic, therapeutic or even as
growth promoters (Rico et al., 2013). On
the other hand, the use of synthetic

products may cause numerous side
effects in the environment and human
health, and in some cases, with limited
efficacy (Gabor et al., 2010).

In secarch for alternatives, natural
products can possibly drive synthetic
products and growth promoters out of
use (Gabor et al., 2010). Several
ingredients with proven efficacy for
nutritional, growth promotion and
immunostimulation for aquatic
organisms (Bricknell and Dalmo, 2005)
are  characterized as  functional
ingredients (Roberfroid, 2002). Thus, the
use of those feedstuff for fish diets can
become a good strategy to minimize
stress and enhance growth performance
(Xue et al.,, 2008; Abdel-Khalil and
Khalil, 2014; Reverter et al., 2014). In
this context, essential oils (EOs) which
are natural products formed by a mixture
(Baser et al., 2007) of hydrophobic
liquids containing volatile aromatic
compounds from plants (Mathe, 2009),
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emerge as good functional ingredients
for fish diets. Among the EOs, garlic
essential oil (GEO) has caught the
attention of the aquaculture sector.
Garlic (Allium sativum) 1is an herb
available throughout the world. Previous
studies on dietary garlic for fish have
shown improved growth, survival, and
protection against pathogenic organisms
(Lee and Gao, 2012; Lee et al., 2012;
Talpur and Ikhwanuddin, 2012). Garlic
has been studied not only in the form of
an EO, but also as different extracts, such
as aqueous and powder (Shin and Kim,
2004), and their benefits are ascribed to
a variety of organosulfur compounds
within these extracts, especially the
allicin (Augusti et al., 1974).
Plant-derived  products, as garlic
essential oil, are promising sources of
bioactive molecules, less costly and
readily available (Bulfon et al., 2015).
However, negative effects on survival
and growth of aquatic animals fed with
dietary garlic have also been reported
(Huang et al., 2001; Xiang and Liu,
2002). Therefore, the present study
aimed to evaluate the development of the
Amazonian ornamental fish severum
post-larva fed dietary garlic essential oil.

MATERIAL AND METHODS

The experiment was approved by the
Ethics Committee on the Use of Animals
of the Federal University of Par4,
CEUA/UFPA (Protocol no 7656100517)
and conducted at the Laboratory of
Ornamental Fish of the Federal
University of Para, Braganca — PA.

To perform the experiment, a total of 150
7-day-old severum post-larvae, with
mean body weight and standard length of
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1.60 = 0.03 mg and 5.58 £ 0.19 mm,
respectively, were distributed in fifteen
1-L aquariums, at a density of 10 post-
larvae L'!. The post-larvae were hatched
in the Laboratory of Ornamental Fish,
under controlled environmental
conditions.  All  aquariums  were
maintained with constant aeration at a
photoperiod adjusted to 12h Light: 12h
Dark, using fluorescent lamps (60W).
The aquariums were siphoned once a day
to remove uneaten food and faeces, then
replenished with fresh water.

A completely randomized design with
five treatments and three replicates was
used. A basal diet was formulated to
contain 40% crude protein and 4500 kcal
kg! gross energy (Table 1) and separated
into five parts for the inclusion of the test
ingredient. The garlic essential oil
(GEO) was acquired from a commercial
establishment (Biotae®, Tatui, SP,
Brazil) and kept refrigerated (4° C) until
use. Thereafter, the GEO was included
mixed with soybean oil in the diet at
levels of 0.00, 0.05, 0.50, 1.00 and 1.50
g kg'!. Then, the diets were moistened,
with 25% water at 50°C, manually mixed
and pelleted in an electric meat grinder
(G.PANIZ, MCR-22, Sao Paulo, SP,
Brazil), dried in a forced air oven
(QUIMIS, Sao Paulo, SP, Brazil) at 35°C
for 24h, and stored in a refrigerator, at
4°C. Before the feeding trial, all diets
were crushed in a mill and manually
sieved, so that granulometry of the
pellets could adequately fit into the post-
larvae mouth. Post-larvae were fed to
apparent satiation, moment at which
animals showed no interest in the diet,
four times daily, at 08:00, 11:00, 14:00
and 17:00h, for a period of 30 days.
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Table 1. Formulations and proximate compositions of the experimental diets

Ingredient gkg!
Soybean meal 540.00
Fish meal 180.00
Corn meal 120.00
Wheat bran 90.00
Soybean oil 35.80
Dicalcium phosphate 15.00
Mineral and vitamin mix! 8.00
DL-methionine 6.00
Salt 5.00
BHT? 0.20
Proximate compositions >
Crude Protein (%) 40.76
Ether extract (%) 7.07
Mineral Material (%) 10.20
Gross energy (kcal kg™!) 4504.00

! Guaranteed levels per kilogram of product: Vit. A, 1,200.000 UI ; Vit. D3; 200,000 UI ; Vit. E,
12,000 mg ; Vit. K3, 2,400 mg ; Vit. B1, 4,800 mg ; Vit. B2, 4,800 mg; Vit. B6, 4,000 mg; Vit.
B12, 4,800 mg; Ac. Folic, 1,200 mg; Calcium pantothenate, 12,000 mg; Vit. C, 48,000 mg; Biotin,
48 mg; Cholin, 65,000 mg; Niacin, 24,000 mg; Fe, 10,000 mg; Cu, 6,000 mg; Mg, 4,000 mg; Zn,

6,000 mg; I, 20 mg; Co, 2 mg; Se, 20 mg.
2 Butylated hydroxy toluene (antioxidant).

3 The proximate composition was analyzed according to AOAC (1998).

During the experimental period, water
quality parameters such as temperature
(26.86 = 0.3 °C) and dissolved oxygen
(6.98 + 0.7 mg L") were monitored
daily, whereas the pH (6.94 + 0.3) and
total ammonium concentration (0.05 +
0.03 mg L) was monitored every two
days. Temperature and dissolved oxygen
were measured with a thermometer and a
digital oximeter (Lutron DO -5510, Sao
Paulo, SP, Brazil), total ammonia and pH
were measured with a multi-parameter
device (HI 3512, Hanna Instruments,
Barueri, SP, Brazil).

At the end of the feeding trial all fish
were counted, weighed on a precision
scale (AG200 Gehaka® 0.0001 g, Sdo

Paulo, SP, Brazil) and photographed
using a digital camera (FinePIX,
S2800HD, Japan). Growth performance
was evaluated for final weight, weight
gain (final weight - initial weight), final
length, length gain (final length - initial
length), specific growth rate ((In final
weight - In initial weight) days™) x 100),
weight and length uniformity of the
batch and survival rate. To determine the
batch uniformity, the following equation
by Furuya et al. (1998) was used: U= (N
+ 20%)/Nt) X 100, where: U = the
uniformity of the batch, i.e. variation in
weight or total length (%); Nt = the total
number of fish in each experimental unit;
and N £ 20% = the number of animals
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with weight or total length + 20% of the
mean for each experimental unit. The
fish photographs were analyzed using an
image analysis package (ImagePro-
Plus®), for determination of the
following length and morphometric
variables: standard length, head length,
trunk length, post-anal length, head
height, body height and eye diameter.

For the verification of normality and
homogeneity of variances, data were
submitted to Lilliefors and Bartlett’s
tests, respectively. After assumptions
were satisfied, a one-way analysis of
variance (ANOVA) at 5% significance
was performed. When differences were
observed a regression analysis, between
dietary GEO level and growth
parameters was used. To adjust the
equations, the wvalues of each
experimental unit were used. To choose
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the most suitable regression model, the
significance = of  the  regression
coefficients, the magnitude of the
coefficients of determination and the
biological response of each variable
were considered. Statistical analyses
were performed using SPSS (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Dietary GEO affected (P <0.05) the final
weight, weight gain, final length, length
gain and specific growth rate of severum
post-larvae. The weight and length
uniformity of the batch and the survival
rate were the only parameters of growth
performance that were not influenced (P
> (0.05) by the levels of GEO in the diets
(Table 2).

Table 2. Growth performance of severum (Heros severus) post-larvae fed increasing
levels of dietary garlic essential oil (GEO)

Growth Levels of dietary GEO

performance 0.00 0.05 0.50 1.00 1.50  P-value
FW (mg) 9.53+2.1 10.15+2.3 8.93+0.5 8.86+1.1  7.09+0.8 0.0303
WG (mg) 7.93+2.1 855423  7.33+£0.5 7.26x1.1  549+0.8 0.0152
FL (mm) 6.75£0.5 6.86+0.4  6.58+0.2  6.57+0.2  6.35+0.1 0.0339
LG (mm) 1.1740.5  1.28+0.4  1.00£0.2  0.99+0.2  0.77+0.1 0.0339
SGR (%) 53140.7 5.5240.6 5.20+0.2 5.16+0.4  4.48+0.3 0.0231
UW (%) 55.7742.0 52.38+4.1 51.85+3.2 54.88+3.8 55.56+9.6 0.6744
UL (%) 100.00+0.0 100.00+0.0 100.00+0.0 100.00+0.0 100.00+0.0 0.4515
SR (%) 70.00+13.3 70.00£10.0 73.33+15.6 66.67+11.1 73.33+17.8 0.1870

Values are presented as mean = SD (n = 3). Significant differences were determined by analysis of variance
(ANOVA) followed by linear regression analysis. FW (Final weight); WG (Weight gain); FL (Final length);
LG (Length gain); SGR (Specific growth rate); UW (Uniformity of weight); UL (Uniformity of length);
SR (Survival rate).

According to the linear regression
analysis, increased dietary GEO levels
led to decreased final weight, weight

gain, final length, length gain and
specific growth rate (Figure 1).
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Figure 1. Dietary garlic essential oil for H. severus post-larvae, based on linear regression analysis
of final weight (A), weight gain (B), final length (C), length gain (D) and specific growth

rate (E).

Dietary GEO did not influence (P > 0.05)
the morphometric variables measured.
However, numerically, these variables
followed the same trend as those
observed for growth performance. The
higher the level of GEO, the lower the
values of standard length, head length,

trunk length, post-anal length, head
height, body height and eye diameter
were (Table 3). On the other hand, a
numerical increase in all parameters
evaluated was observed in fish receiving
the lowest dose of GEO (0.05 g kg™).
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Table 3. Morphometric variables of severum (Heros severus) post-larvae fed increasing
levels of dietary garlic essential oil (GEO)

Morphometric Levels of dietary GEO

variables 0.00 0.05 0.50 1.00 1.50  P-value
SL (mm) 6.75£0.5 6.86£0.4 6.58+0.2 6.57£0.2 6.35£0.1 0.5670
HL (mm) 2.05+£0.2  2.24+0.2  2.06+0.1  2.04+0.1  1.97+0.1 0.1233
TL (mm) 4.7240.3  4.63+0.1 4.52+0.1 4.53+0.1 4.3840.0 0.2586
PAL (mm) 2.67+0.1  2.70£0.1  2.57+0.0  2.57+0.0  2.53+0.0 0.4016
HH (mm) 2.08+0.1  2.08+0.1 1.97+0.1 1.89+0.1 1.81£0.1 0.1536
BH (mm) 2.12+0.2  2.23+0.2  2.07#0.1  2.08+0.1  2.01+£0.1 0.1417
ED (mm) 14104  1.09£0.1  1.00£0.1  1.03£0.0  0.94+£0.0 0.1683

Values are presented as mean = SD (n = 3). SL (Standard length); HL (Head length); TL (Trunk
length); PAL (Post-anal length); HH (Head height); BH (Body height); ED (Eye diameter).

DISCUSSION

Garlic extracts, which are a rich source
of allicin, have shown a wide spectrum
of antibacterial, antiviral, antiprotozoal
and antifungal properties (Guo et al.,
2012), with an associated potential to
improve diets digestibility and fish
growth performance (Lee and Gao,
2012). However, in the present study,
according to the linear regression
analysis, increased dietary GEO levels
led to impaired development of severum
post-larvae.

Different results were found by Jegede
(2012), who observed the highest
specific growth rate and feed efficiency,
in red belly tilapia (Tilapia zillii)
fingerlings fed 20 g kg™ of dietary garlic
powder. Similarly, Lee et al. (2014)
reported significantly increased growth
performance in  fingerling sterlet
sturgeon (Acipenser ruthenus)
supplemented with 30 g kg'! of dietary
garlic powder. On the other hand,
orange-spotted grouper (Epinephelus
coioides) fed only 0.13 g kg! of dietary
aqueous garlic extract showed an
increment in weight gain and feed
efficiency, but when supplemented with

0.40 g kg!, the same parameters were
lower (Guo et al. 2012).

Many reports have documented the
effect of garlic or allicin as growth
promoters. Khalil et al. (2001) observed
that allicin could improve digestion by
enhancing the performance of the
intestinal flora, thereby improving the
utilization of energy and growth.
However, most research efforts have
been directed to the assessment of fresh
garlic powder and just a few ones
evaluating dietary GEO for fish
fingerlings and juvenile (Aly and
Mohamed, 2010; Woo et al., 2010; Diab
etal., 2002).

Garlic powder has a lower concentration
of allicin when compared to other garlic
extracts, such as essential oils or aqueous
extract (Guo et al., 2012), and it can be
used in higher concentrations in fish
diets. Thus, the effects of garlic depend
on its presentation and concentration,
fish species and development stage.
Despite the wide margin of safety in the
use of plant extracts, there are only a few
reports on their negative impacts to fish
farming (Syahidah et al., 2015). Juvenile
hybrid tilapia (Oreochromis niloticus x
Oreochromis aureus) fed 0.5 g kg
dietary garlic powder decreased weight
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gain by 20% compared to fish fed control
diet, i.e. without the addition of garlic
(Ndong and Fall, 2011). Rice field eel
(Monopterus albus) fed 800 mg kg™ of
composed allicin died after three days of
feeding (Huang et al., 2001) and juvenile
red bellied pacu (Colossoma
barchypomum), also receiving a diet
containing composed allicin, had a
reduction in growth rate (Xiang and Liu,
2002).

The most toxic components of allicin
degradation are diallyl disulfide and
diallyl trisulfide (Zhao et al., 2013;
Marengoni et al., 2017). Moreover,
degradation products of organosulfur
compounds can be toxic when high
concentrations  thereof reach the
intestines, interfering with normal
metabolism, suppressing ~ mitosis,
leading to slow growth and even fish
death (Shakya and Labh, 2014). For fish
post-larvae, which do not have a fully
formed digestive tract yet (Portella and
Dabrowski, 2008), these compounds can
be even more harmful, as suggested by
the present study.

Normally, fingerlings support higher
concentrations of allicin than the post-
larvae. Larvae and post-larvae are highly
sensitive organisms to stress, mainly
because of their undeveloped immune
systems (Mohamed et al., 2012). Many
authors have attempted to examine the
impacts of various essential oils and
other plant derivatives on fish, but
information regarding the effects of
these products during the larval stage,
especially the effects of garlic extracts on
the growth performance of the larvae is
scarce (Hassaan and Soltan, 2016).

The inclusion of 1.0 ml kg”! GEO in the
diet of Nile tilapia larvae, with an initial
weight of 1.88 + 0.12 g, resulted in
increased growth and improvement in
haematological and biochemical

http://dx.doi.org/10.1590/51519-99402121252020

parameters (Hassaan and Soltan, 2016).
Nile tilapia larvae with initial weight of
20 mg, fed 40 g kg'!' of dietary garlic
powder, presented a higher survival rate
than larvae fed without the addition of
garlic, but had no improvement in weight
gain (Aly et al., 2010). For Caspian roach
(Rutilus rutilus) larvae weighing 1.0 +
0.07 g, the supply of 15 g kg'! dietary
garlic powder impaired weight gain and
specific growth rate, compared to larvae
that received diets containing 5 and 10 g
kg! garlic (Ghahderijani et al., 2016).
The severum post-larvae used in the
present study had an initial weight of 1.6
+ 0.03 mg and received the diets
supplemented with GEO during the first
feeding. Thus, the results of the present
study suggest that dietary GEO may not
be a good strategy for early feeding fish
and larviculture improvement.

Studies on the efficacy of garlic to treat
fish parasites and as immunostimulants
are commonplace in literature. Schelkle
et al. (2013) suggest that parasites are
directly affected by garlic, rather than
indirectly via enhanced host immune
function. Furthermore, the
immunostimulating properties of garlic
may disappear when high concentrations
of garlic are provided (Ndong and Fall,
2011; Ghahderijani et al., 2016). Nya et
al. (2010) reported that the action
mechanism of allicin might well include
the inhibition of cysteine protease, the
scavenging and trapping of free radicals
and the inhibition of thiol-containing
protein in the cells of pathogens. As
such, the allicin molecule can also
negatively impact fish health and
development, especially eggs and young
forms.

Morphological observation has been
recognized as a valuable tool to detect
and describe body abnormalities in early
life stages of fish (Koumoundouros et al.
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1997, Martinez-Montano et al. 2016).
Thus, information on the morphological
development of young fish is necessary
to improve larvae rearing (Gisbert et al.
2002). Furthermore, fish morphometry
can be affected by feed management and
fish diet (Wimberger 1992). Mainly for
ornamental fish species, which are
marketed per unit, the influence of diet
on fish morphometry is an important
aspect to be evaluated (Campelo et al.,
2020). In the present study, although
dietary GEO reduced the productive
performance of severum post-larvae, no
morphological abnormality was
detected.

High concentration and prolonged
treatment with garlic may impair fish
health,  which  underscores  the
importance of determining appropriate
dosage requirements and the methods of
application (Schelkle et al., 2010) for
each species at each stage of life. Even
minor concentration changes in dietary
garlic must be monitored carefully and
the professional who currently uses
garlic, should be made aware of the
potential harm to fish performance when
using high concentrations of garlic
(Schelkle et al., 2013).

The use of diets supplemented with
increasing levels of garlic essential oil
was detrimental to the development of
severum  post-larvae.  Nevertheless,
further evaluation of adding dietary GEO
for severum post-larvae in levels close to
0.05 g kg™ is recommended, for it could
be advantageous when administered in
lower concentrations.
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