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ABSTRACT: Sustained swimming (SS) usually promotes beneficial effects in growth and feed
conversion of fishes. Although feed efficiency is improves at moderate water velocity, more
information is required to determine the contributions of this factor on growth and body com-
position. Body composition and efficiency responses to the use of nutrients were determined in
juvenile matrinxa Brycon amazonicus (Spix and Agassiz, 1829) fed with two dietary amounts of
protein, 28 or 38 % of crude protein (CP), and subjected to sustained swimming at a constant
speed of 1.5 body lengths s~! (BL s7) or let to free swimming. The fish body composition under
SS and fed with 28 % of dietary protein showed 22 % of increased in bulk protein and a 26 %
of decrease in water content in the white muscle. Red muscle depicted 70% less water content
and a 10 % more lipid. Nutrient retention was enhanced in fish subjected to SS and a higher gain
of ethereal extract sustained was observed in the white muscle of exercised fish fed with 38 %
CP. The interaction between swimming and dietary protein resulted in a larger bulk of lipid in red
muscle. Fish fed with 28 % CP under SS at 1.5 BL s-! presented the best utilization of dietary
nutrients and body composition. Thus, this fish farming procedure is proposed as a promising
management strategy for rearing matrinxa.
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Introduction

Several biotic factors, such as physiological condi-
tions, sex, size and genetics, and abiotic factor such as
food, temperature, salinity and seasonality, control the
growth performance of fish and affect body composition
(Weatherly and Gill, 1987; Wootton, 1998). The feeding
plan is pivotal for the transfer efficiency and retention of
nutrients, and permits inferences about their assimila-
tion and deposition rates. The actual value of a diet and/
or nutrients can be estimated through body composition
(Shearer, 1994; Jobling, 2001). The optimization of a die-
tary protein is fundamental to fish farming, since it rep-
resents nearly 70 % of the production costs (Robinson
and Li, 1997; Lovell, 1998). However, besides changing
their sources and amounts other alternative suggestions
to improve growth performance are welcome. Sustained
swimming (SS) has emerged as a promising alternative
for increasing muscular mass.

Salmonids reared under SS at moderate speeds are
a good example of success (Nahhas et al., 1982; Houlihan
and Laurent, 1987; Totland et al., 1987; Christiansen et
al., 1989; Grisdale-Helland et al, 2013). Similarly, matr-
inxa Brycon amazonicus (Spix and Agassiz, 1829) shows
real promise (Hackbarth and Moraes, 2006; Arbeldez-Ro-
jas and Moraes, 2009; Cruz-Casallas et al., 2011) for fish
farming. Since muscle protein and lipid bulks are related
to body energy and resistance to environmental changes,
their enhancement should be explored (Young and Cech,
1994). The omnivorous freshwater fish matrinxa has
proven to be commercially exploitable due to its many
biological traits (which earned it the alias warm water

trout). Matrinxa demands good quality water and is ad-
aptable to high stocking densities and artificial feeding
(Abreu et al., 2008; Arbelaéz-Rojas and Moraes, 2009;
Cruz-Casallas et al., 2011). It is a migratory streamlined
fish (Mounic-Silva and Leite, 2012), whose phenotypic
traits have encouraged studies on adaptive responses to
SS and growth performance.

Despite the existence of studies with matrinxa un-
der SS (Hackbarth and Moraes, 2006), data on the effi-
ciency of dietary nutrient assimilation under exercise do
not exist for this fish. Interactions between nutritional
conditions and the rearing of fish under SS may enhance
their growth performance. This manuscript addresses
the evaluation of body composition and assimilation effi-
ciency of food components (protein, lipids and carbohy-
drates) by matrinxa at two levels of dietary protein and
sustained swimming.

Materials and Methods

Experimental design

This study was conducted in Sao Carlos, in the state
of Sdo Paulo, Brazil (820 m alt., 21°58" S and 47° 51" W).
Around 300 juvenile matrinxa were obtained from the
Aguas Claras commercial fish farm, located in Mococa,
in the state of Sao Paulo, Brazil. Fish were kept in 2.000
L tanks of flowing water under natural photoperiod for
3 weeks to facilitate acclimatization to the experimental
conditions (27 °C and 5 mg L-! dissolved oxygen). Dur-
ing this time, they were fed with commercial pellets until
satiety. After acclimatization, 240 fish were selected for
uniform weight and size between 28.5 to 30.5 g and 12

Sci. Agric. v.74, n.4, p.259-264, July/August 2017



260

Arbelaez-Rojas & Moraes

Exercise and performance of matrinxa

to 14 cm, respectively. They were equally divided into
12 groups (20 fish per group) and randomly transferred
and held in circular fiberglass tanks of 250 L. Tanks water
were thermostated, filtered through biobeds, and kept un-
der continuous aeration in a recirculation closed-system.
Six tanks were assigned as sustained swimming (SS) and
the fish were encouraged to swim at a water speed of 1.5
body length per second (BL s-!) for over 60 days. In the
other six tanks, assigned as resting (R), the water was mo-
tionless and no swimming was imposed to the fish. Tanks
SS and R were divided into two groups of three tanks and
two protein levels were chosen and ascribed as L (low
level of protein) and H (high level of protein).

Prior to the experiment, 10 fish (weight and size of
29.2 + 1.22 gand 13 + 1.2 cm, respectively) from the orig-
inal set of acclimatized fish were randomly collected and
euthanized with 40 mg L-! eugenol (Inoue et al., 2003).
This line of research had been approved by the Animal Ex-
perimentation Ethics Committee of the Federal University
of Sao Carlos in November, 2009. Samples of white and red
muscles were excised and kept at -20 °C for determination
of nutrient utilization efficiency based on the initial and fi-
nal body composition analyses. The fish were fed to satiety
three times a day for 60 days. Extruded pellets were offered
as isocaloric diets of 4.100 kcal kg=! (Table 1).

Table 1 — Formulation and chemical composition of the experimental
diets for the feeding of Brycon amazonicus.

Dietary protein levels (g %)

Ingredient (g %)

28 38

Fishmeal 23.50 32.00
Soybean meal 18.00 32.68
Corn 51.48 28.30
Grinded rice 3.00 3.00
Yeast 1.00 1.00
Soybean oil 1.00 1.00
Mineral and vitamin supplement! 2.00 2.00
Salt 0.02 0.02
Chemical composition (g %)

Dry matter 88.63 88.99
Gross energy (kcal kg~1) 3920.1 3981.1
Crude protein 28.01 38.00
Carbohydrate? 44,98 32.84
Crude fiber 2.22 2.57
Mineral matter 6.64 8.86
Ether Extract 4.83 4.77
Phosphorus 1.15 1.57
Calcium 0.81 1.06
Ascorbic acid 0.05 0.05

'Rovimix = vitamin A - 5.000.000 IU; vitamin D, - 200.000 IU; vitamin E -
5.000 IU; vitamin K,- 1.000 mg; vitamin B (thiamine) - 1.500 mg; vitamin B,
(riboflavin) 1.500 mg; vitamin B, (pyridoxine) 1.500 mg; vitamin B,,- 4.000
mg; vitamin C - 15.000 mg; folic acid - 500 mg; pantothenic acid - 4.000
mg; BHT - 12.25 g; biotin - 50 mg; inositol - 1.000 mg; nicotinamide - 7.000
mg; choline - 40 g; cobalt - 10 mg; copper - 500 mg; iron - 5.000 mg; iodine
- 50 mg; manganese - 1.500 mg; selenium - 10 mg; zinc - 5.000 mg; and
excipient g.s.p. 1.000 g. All ingredients were grinded in a 0.5 mm pore sieve.
2Carbohydrate: dry matter - (crude protein - total lipid + crude fiber + mineral
matter).
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After the experimental period, fish feeding was
discontinued for 24 h for gastric emptying; and six fish
from each tank (18 fish per condition) were sampled.
Biometry was performed and samples of white and red
muscle were collected for body composition analyses.
The samples were promptly frozen at -20 °C and lyophi-
lized for posterior determination of the body protein
(BP) content, crude energy (CE), ethereal extract (EE)
and dry matter (DM), according to AOAC (1990). The
Retention Efficiency expression of wet matter was RE,,
= {[(M; x W)-(M, x W|)]/ CM} 100, where M, = Final
matter; W, = Alive final weight; M, = Initial matter; W,
= Initial weight; and CM = Consumed matter was used
for determining nutrient utilization efficiency.

Sustained swimming system

The swimming system consisted of bottom-funnel-
shaped fiber glass tanks with horizontal leaning (20°)
from the side to a central sewer hole, which enables easy
clearance of debris. The water was biologically filtered
and thermostated and re-fed to the tanks through drill
bored L-shaped pipes fitted into the water column, to
maintain the speed reached by a % HP pump inserted
into the line and adjusted by a control valve. The wa-
ter speed was gauged by a mechanical flow meter. Since
tangential water speed decreases from the edge to the
center, the fish were prevented from accessing the cen-
tral water region by a top-to-bottom PVC net column,1/3
of the total tank diameter; the narrower the column of
water let for swimming the more regular the swimming
speed. The choice of a water flux corresponding to a
swimming speed of 1.5 BL s~! was based on previous
studies (Arbeldez-Rojas and Moraes, 2010).

Statistics

Data were analyzed by a two-way ANOVA with
protein levels and rearing conditions (SS at a constant
speed of 1.5 BL s~'or resting). The statistical significance
was set at a 5 % probability level and means were sepa-
rated using the Tukey test. Sample homogeneity was sta-
tistically assured at p < 0.05. Statistical Analysis System
-SAS Institute Inc., Cary, NC, USA Software 9.3, 2010
was used. The data are presented in terms of means +
(S.D.).

Results and Discussion

Table 2 shows the statistical analyses by F test and
the mean comparison by the Tukey test (p < 0.05) of
each factor for the centesimal composition parameters
of white and red muscle of B. amazonicus. An increase
in dietary CP reduced the white muscle protein and
moisture. However, dietary CP did not alter the centesi-
mal composition parameters of the red muscle. The SS
stimulated the increase of CP, EE and CE and reduced
moisture content in the white muscle. The red muscle
exhibited a similar pattern of responses. Dietary CP and
the rearing condition (Sustained swimming) significantly
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ficiency. The results show that SS is relevant to sparing
the dietary protein, i.e., fish reared under SS at moderate
water speeds assimilate nutrients from the diet more ef-
ficiently than those reared in motionless water. More-
over, proteins are the main component in diet cost, and
levels above that required for the species, besides being
more expensive, increase the metabolic cost and gener-
ate high levels of nitrogen excretion, which eventually
deteriorate the water quality. Therefore, the sparing ef-
fect from SS was beneficial for the sustainability of the
farming of matrinxa and reduced the environmental im-
pact of production costs.

Like the white muscle, the red muscle of fish held
under SS displayed protein and energy retention values
greater than those that were observed in fish reared in
motionless water. However, the RE_, in the red muscle
of matrinxa fed with 28 % CP were higher than those
observed in fish fed with 38 % CP. Such enhanced CP re-
tention efficiency of fish fed with 28 % CP under SS sug-
gests an adaptive mechanism to utilize dietary protein
in a more efficient way to increase growth performance.
Although the red muscle represents only 4 % of the total
weight of matrinxa, it concentrates eight times more lip-
ids than the white muscle. Lipids are preferably used as
a fuel source to support muscle contraction during the
SS at low-speed (Coughlin, 2002; Richards et al., 2002).
In the present study, lipid storage increased in the red
muscle of matrinxa maintained under SS. This pattern
of response, observed in both white and red muscle, can
be considered an adaptive response of the species to the
exercise. The lipid content in the muscle of fish reared
under SS varies according to speed in the water. In this
particular, several studies have shown a lipid increase at
moderate speeds; however, at swimming speeds above
1.5 BL s7! lipid storage can decrease significantly (Tot-
land et al., 1987; Young and Cech, 1994; Davison, 1997;
Yogata and Oku, 2000). This physiological response
seems well regulated and occurs to meet the energetic
needs, although it prevails as long as the animals are
continuously supplied with food. The present data show
that juvenile matrinxa can achieve higher growth rates
as a function of both SS speeds and adequate levels of
dietary protein. Such synergistic effects between these
two factors have further enhanced this organic response,
thus promoting greater deposition of nutrients from diet
into the animal biomass.

In conclusion, juvenile matrinxa achieved higher
nutrient assimilation and storage of fats and proteins
when both SS speed and level of dietary protein were
well adjusted. The best performance was observed in
fish reared under SS at 1.5 BL s~! and fed with 28 % CP.
Other studies are being carried out to improve diet qual-
ity and enhance the efficiency of nutrient transference.
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