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Resumo: O dominio de qualquer pacote-tecnolégico zootécnico passa pelo conhecimento
profundo da espécie objeto. Caracteristicas reprodutivas, de crescimento, de comportamento e
composic¢do centesimal sdo algumas das principais questdes a serem desvendadas para que a
producdo de qualquer espécie seja viavel. O presente trabalho langa luz sobre as caracteristicas
pouco dominadas na producdo da espécie nativa de maior interesse econdmico, o tambaqui. E
objetiva estudar a interferéncia do sexo e da intensidade do sistema de cultivo nos atributos de
composicao centesimal e rendimento de filé na fase de abate. Juvenis de tambaqui (759, em média)
foram cultivados em tanques escavados por dez meses, em duas densidades diferentes de sistemas
de producdo (quatro toneladas por hectare e seis toneladas por hectare). Cada animal foi
considerado uma unidade amostral, totalizando 164 repetigdes (77 machos e 87 fémeas). As
andlises realizadas para determinacdo da composicdo centesimal foram: Umidade e Lipideos
Totais; Proteina Bruta e Cinza. E as medidas foram: comprimento total, lombo, cabeca, largura,
peso inteiro, peso de filé, peso residual (peso do animal inteiro menos peso do filé), peso de cabeca
e rendimento de filé (peso do filé dividido pelo peso do animal inteiro). Para responder se, para
tambaqui, existe diferenga entre os diferentes adensamentos de cultivo e entre 0s sexos para as
caracteristicas de interesse comercial de tal espécie.

Palavra-chave: Colossoma macropomum, adensamento, cultivo monossexo, centesimal,
zootécnico.

Abstract: The effective use to zootechnical technique involves a thorough knowledge of the
target species. Reproductive characteristics, like growth, behavior and centesimal composition, are
some of the main issues for the production the species to be viable in all aspects. This study sheds
light on production features of tambaqui, a native species of greater economic interest in Brazil, that
are little understood. We investigated the influence of sex and stocking density of rearing systems on
centesimal composition and fillet yield at slaughter. Juveniles of tambaqui (75 g, on average) were
grown in dug ponds for 10 months in two different stocking densities of production systems (4 and 6
tons per ha). Each animal was considered a sampling unit, totaling 164 repetitions (77 males and 87
females). The analysis to determine the centesimal composition were moisture, total lipids, crude
protein and ash. The measurements undertaken were total length, loin, head, width, full weight, fillet
weight, residual weight (weight of the whole animal minus fillet weight), fillet weight and yield
(fillet weight divided by the weight of the whole animal). The aim was to investigate for differences
in features of commercial interest between different stocking densities and sexes. The results showed
differences between sexes and stocking densities, which requires identification of the most
interesting features for the market for later adoption of rearing systems of monosex populations and
stocking densities in fish farming.
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Introduction
To maximize

zootechnical
production of any species requires
knowledge of reproduction and sexual
features. There is difference of growth rate
between sexes in different fish species
(Ramos, 2016). Studies show that several
factors influence fillet yield, namely the
rearing system and sex. Thus, rearing
systems of monosex populations of some
fish species have been used to maximize
yield and avoid uneven growth of batches
(Borges, 2015; Brito, 2016).

Market requirements and growing
demand for fish products with quality and
standards have led fish production to an
increasingly intensive system. However,
the knowledge of morphophysiological,
biological and centesimal features of the
target species is required to increase fish

production.

Tambaqui (Colossoma
macropomum) is the native species of great
interest in the Brazilian market (Barcante
& Sousa, 2015) and the development of
protocols to maximize gains during the
growing phase is essential to make the
product competitive in the market. Native
to the Amazon basin, tambaqui is a round
fish with high commercial value to the
Brazilian market. Slaughter occurs at 2 kg
of live weight at 10 months of rearing.
Tambaqui presents dimorphism between
males and females, the females grow faster
than males after sexual maturity
(Villacorta-Correa, 1999). However, there
is no information on slaughter weight of
tambaqui showing differences of fillet
yields or centesimal features in monosex
populations reared in intensive systems.

At slaughter, the product needs to

have a standardized size for greater
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efficiency of the process; thus, the
knowledge about the species
characteristics is crucial to consolidate the
production chain of native species.
Similarly, the study on the chemical
composition of fish provides subsides to
the fields of nutrition and technology,
helping in the use of the fish. Similar to
morphology that can be dependent on sex,
centesimal features can also vary between
males and females.
This  study investigates the
influence of sex and stocking density of
rearing systems on centesimal composition
and fillet yield at slaughter of tambaqui.
The search for information on the need to
rear monosex populations of tambaqui

makes this study pioneer to consolidate the

Cabega

Largura

technological procedures that have been
developed in Brazil for this specie.
Material and Methods

Juveniles of tambaqui (75 g, on
average) were grown in dug ponds for 10
months, in two different stocking densities
of production systems (4 and 6 tons per
ha). Individuals were trawled randomly,
transported in thermal boxes, numbed
(hypothermia) and slaughtered at a local
slaughterhouse (under Municipal
Inspection System — SIM) in compliance
with the Standard Operating Procedure of
the Agro-Industry. The fishs were
identified to allow tracking throughout the
process, according to procedures in Figure

Comprimento total

Figure 1: Measurements collected for the study on processing of males and females of

tambaqui, reared in different stocking densities.

The fishs were measured for the
whole weight, fillet weight, residual
weight (whole animal weight minus fillet

weight), fillet weight and vyield (fillet
weight divided by whole animal weight)
(Figure 2). Each animal was considered a
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sampling unit, totaling 164 repetitions (77
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Figure 2: Tambaqui processing flowchart.

The gonads were removed and
fixed in 10% formalin (Vazzoler, 1996),
later processed in paraffin, sectioned in 8
pm cuts, and stained by Hematoxylin-
Eosin (H-E). Next, the histological
analyses were performed. Sex was
identified under light microscope with 400
X.

The analyses to determine the
centesimal composition were: moisture and
total lipids (Pregnolatto & Pregnolatto,
1985), crude protein (Johnson & Ulrich,

1974) and ash (Pregnolatto & Pregnolatto,
1985; Winters &Tennyson, 2006).

The experimental design used
completely randomized blocks in 2 x 2
factorial scheme, where the first factor
considered was the sex (male and female)
and the second factor was the stocking
density of the rearing system (4 or 6 tons
per ha). Data normality was analyzed for
all dependent variables. As it showed no
normal distribution, the variable “loin” was

transformed to cosine. Due to lipid data
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distribution and the fact that protein
behavior was not in a normal way, the
variance analysis for non-parametric
means was carried out by the Kruskal-
Wallis test.

We used a mixed model with fixed
effects, rearing systems and their
interactions, and the random residual
effects and fish grouped by the sex, using
the mixed procedure of the SAS statistical
program, version 9.4. When differences
occurred, the means were compared by the
means feature. We wused the akaike
information criterion (AIC) to determine
the model that best represented the data.
The interaction between sex and rearing

systems was investigated, and analyzed
when significant at 5% probability.

The variables were subjected to
correlation tests of Pearson and Spearman.
Results and discussion

There was correlation between head
length and fillet weight, ash content and
lipid content of the fillet, lipid content and
protein content of the fillet (Table 1).
These correlations have already been
reported in the literature (Goes et al., 2015;
Mafra et al., 2015).

Table 1: Correlation between the variables analyzed of tambaqui cultivated in different stocking densities.

Variable Variable Yield P

Length Width 0.73 <.0001
Length Head 0.68 <.0001
Length Loin 0.55 <.0001
Length Initial weight 0.79 <.0001
Length Fillet yield 0.60 <.0001
Length Residual weight 0.63 <.0001
Length Head weight 0.62 <.0001
Width Head 0.56 <.0001
Width Loin 0.62 <.0001
Width Initial weight 0.92 <.0001
Width Fillet weight 0.75 <.0001
Width Residual weight 0.71 <.0001
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Width Head weight 0.76 <.0001
Head Loin 0.41 <.0001
Head Initial weight 0.56 <.0001
Head Fillet weight 0.28 0.0022
Head Residual weight 0.53 <.0001
Head Head weight 0.58 <.0001
Head Fillet yield -0.40 <.0001
Loin Initial weight 0.67 <.0001
Loin Fillet weight 0.52 <.0001
Loin Residual weight 0.54 <.0001
Loin Head weight 0.58 <.0001
Initial weight Fillet weight 0.84 <.0001
Initial weight Residual weight 0.76 <.0001
Initial weight Head weight 0.78 <.0001
Moisture ash -0.77 <.0001
Ash Lipids -0.32 0.0009
Lipids Protein 0.30 0.0013

Fish with large heads in relation to
the body usually present lower vyield at
filleting. The relation between head size
with yield is an important factor for the
productive sector to select matrices with
smaller head in relation to the body for

genetic improvement of species and
increased productivity (Galvdo et al.,
2010).

The yield of tambaqui fillet is
similar to that of other Characidae species,
like pacu (Piaractus mesopotamicus),
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ranging from 45.12 to 51.60% (Bittencourt
etal., 2010).

Data on fish composition varied
greatly according to extrinsic (rearing
system) and intrinsic (sex) characteristics.
The literature reports different data levels
for contents of moisture, protein, lipids and
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ash between males and females of some
fish species (Goes et al., 2015; Mafra et al.,
2015), affecting product standardization
directly.

In our study, we found difference
for the moisture content of fillets between

males and females (Figure 3).

75,27
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Figure 3: Difference between the average moisture content of fillets for males and females of

tambaqui reared in different stocking densities.

Overall, fish muscle contains 60-
85% of moisture and 1-5% of ash (Macedo
- Viegas et al., 2000; Santos et al., 2001;
Reidel et al., 2010). The correlation
between moisture and lipid content is
inversely proportional, as the lipid content
is the most variable centesimal feature,
ranging from 0.84% in lizardfish (Synodus
intermedius) (Santos et al., 2001) to 13%
in jundia (Rhamdia quelen) (Reidel et al.,
2010). The knowledge of such parameter

studied is important for conservation of

frozen fish once meat with high lipid levels
undergo changes due to lipid oxidation.

Regarding stocking density of the
production system, tambaqui grown in less
dense systems are larger, featuring lower
moisture content and higher ash and
protein contents in the fillet (Table 2).
Greater density can change fish behavior
and reduce feed conversion, causing
mortality and reducing growth (Montero et
al., 1999).

Fish reared in lower density have
higher growth rates (Silva & Fujimoto,
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2015) and high survival rate; however,
lower yield per area (Gomes et al., 2000).
High stocking densities result in greater
productivity per area; however, fish

display lower growth rate (EI-Sayed,
2002). Thus, redistribution of animals in
larger tanks is a recommended

management practice (Souza et al., 2016).

Table 2: The average width of the whole tambaqui, moisture content, ash content and protein
content of tambaqui fillet reared in different stocking densities

Variable Rearing system p*

4 ton\ha 6 ton\ha
Width 18.59+0.22° 17.96+0.11° 0.0058
Moisture 74.11+0.18" 75.36+0.20" <.0001
Ash 5.76+0.15% 4.80+0.24° <.0001
Protein 16.00+0.40° 14.63+0.30° 0.0089

*Probability between rearing systems. Different letters in the rows differ by the Tukey test

(P<0.05)

Stocking densities influence social
behavior and may compromise the rearing
system. Low stocking densities in other
species, such as salmon (Salmo salar)
favor the emergence of hierarchical,
dominant and subordinate classes, in which
the dominant class monopolizes the food
and feeding areas, leading to different
growth rates of individuals (Maclean &
Metcalfe, 2001).

Therefore, studies are important for

the productive chain of the species, since
stocking density is critical for performance
optimization, standardization in processing
and marketing steps of the product.

The interaction of the sex with the
rearing system shows that, in high
densities, females present lower fillet yield
than males. Conversely, males have a
higher fillet yield than females in the same

rearing system.

Table 3: Fillet yield between sex and rearing systems.

Rearing systems Sex

Male Female
4SR 36.06+0.54° 37.49+0.75°
6SR 36.04+0.55° 34.55+0.59°

*Different letters in different rows differ by the Tukey test (p<0.05)
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Overall, viscera in finfish comprise
around 11% of total weight (Contreras-
Guzman, 1994). However, due to the
increased volume of gonads in jundia, with
the approach of the reproductive period,
fish of both sexes have higher average
weights (Reidel, et al., 2010). Yield values
decrease during the rearing period,
showing decreasing growth trends,
possibly influenced by the reproductive
cycle of animals.

Sexual maturity is one of the
biological processes that most affect yield
in intensive crops, as the energy for
somatic growth is channeled into the
production of gametes, reducing growth
during the period of sexual maturity. To
minimize problems, such as lack of
standardization  between the  sexes,
monosex populations have been reared in
several species. For many species, this
management is justified. This rearing
system is recommended for the production
of rainbow trout (Oncorhynchus mykiss)
and tetra (Astyanax sp.), for example.

The literature reports differences in
growth patterns between male and female
adults of tambaqui showing sexual
dimorphism in this species in adulthood
(Mello et al., 2015). The understanding of
these growth differences is important to

create management strategies, suggesting

the need for adjustments to technological
procedures currently used.
Conclusion

Similar to other species, differences
were found between sexes for centesimal
aspects and yield, allowing to select
features of interest, such as fillet moisture
(with males showing less moisture than
females), for rearing monosex populations.

Stocking density should be taken
into consideration for the production of
tambaqui, as fish grown in lower density
systems are larger, feature lower moisture
content and higher ash and protein contents
in the fillet. In addition, the behavior of
animals in inadequate stocking densities
can compromise yield of batches.

The interaction of the sex with the
rearing system shows that, under high
stocking densities, females have lower
fillet yield than males, while males have
higher fillet yield than males in higher
stocking densities. The knowledge of the
interaction of the variables analyzed in this
work requires the identification of the most
interesting features for the market, as some
features stand out when the sex of the
animals and stocking densities are
prioritized.

This study shows that the protocol
used for tambaqui production needs to be

reviewed.
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Some variables in the rearing
system are still not well understood, such
as differences between the sexes for

carcass yield and growth rate in different
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