Brazilian Journal of Biology http://dx.doi.org/10.1590/1519-6984.169442
ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

[Gher |

Original Article

Changes on physiological parameters of tambaqui (Colossoma
macropomum) fed with diets supplemented with Amazonian fruit
Camu camu (Myrciaria dubia)

P. H. R. Aride“*, A. M. Oliveira®, R. B. Batista®, M. S. Ferreira®, J. Pantoja-Lima‘,
D. S. Ladislau®, P. D. S. Castro® and A. T. Oliveira®

AInstituto Federal de Educagido, Ciéncia e Tecnologia do Espirito Santo — IFES, Rua Augusto Costa de Oliveira, 670,
CEP 29285-000, Piuma, ES, Brazil

“Instituto Nacional de Pesquisas da Amazonia — INPA, Av. André Aratjo, 2936, CEP 69067-375, Petropolis, RJ, Brazil

“Instituto Federal de Educagdo, Ciéncia e Tecnologia do Amazonas — [FAM, Av. Onga Pintada, 1302, Galo da Serra,
CEP 69057-000, Presidente Figueiredo, AM, Brazil

dUniversidade Federal do Amazonas — UFAM, Av. General Rodrigo Otavio Jorddo Ramos, 3000, Campus Universitario,
CEP 69077-000, Manaus, AM, Brazil

“Instituto Federal de Educacao, Ciéncia e Tecnologia do Amazonas — IFAM, Av. Sete de Setembro, 1975, Centro,
CEP 69020-120, Manaus, AM, Brazil

*e-mail: aride@ifam.edu.br

Received: September 18, 2016 — Accepted: November 30, 2016 — Distributed: May 31, 2018
(With 4 figures)

Abstract

The physiological responses of juvenile tambaqui (Colossoma macropomum) fed commercial feed supplemented with
different concentrations of camu camu (Myrciaria dubia) were evaluated. The design was completely randomized,
with treatments arranged in a factorial design with three proportions of camu camu (15%, 30% and 45%) and a control
treatment (100% commercial diet), with four replicates per treatment. A total of 96 tambaqui specimens were used, with
a mean initial weight of 11.69 + 2.68 g and a mean length of 7.06 + 0.44 cm. After 30 days, hematological parameters,
metabolic variables, growth and fish swimming performance were evaluated. The different proportions of camu camu in
the diet did not cause significant changes to the tambaqui’s hematological parameters during the feeding period, except
for hemoglobin (Hb) concentration and mean corpuscular hemoglobin concentration (MCHC) after the 30th day, and
hematocrit (Ht) after the swimming stress test, which increased significantly (p < 0.05). The significant increases in
metabolic variables, such as cortisol, glucose, proteins and triglycerides, and in hematologic variables after the Ucrit
test reflect, respectively, biochemical adaptations for maintenance of the energy mobilization process and a regulatory
necessity in tissue oxygen demand during intense exercise. Fish fed 15% and 30% camu camu gained the most weight
and achieved the best swimming performance, respectively. The results for camu camu concentrations above 30% suggest
a saturation of its intrinsic properties in the diet at this level and a loss of nutrients from the commercial feed replaced
by the fruit, reducing productive performance and nutritional assimilation.
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Alteragoes em pariametros fisiologicos de tambaqui (Colossoma
macropomum) alimentados com dietas suplementadas com fruta amazénica
camu camu (Myrciaria dubia)

Resumo

As respostas fisiologicas de juvenis de tambaqui (Colossoma macropomum) alimentados com ragdo comercial
suplementada com diferentes concentragdes de camu camu (Myrciaria dubia) foram avaliados. As amostras analisadas
foram inteiramente casualizadas, com os tratamentos arranjados em esquema fatorial com trés propor¢des de camu camu
(15%, 30% e 45%) e um tratamento controle (ragdo comercial 100%), com quatro repeti¢des por tratamento. Um total
de 96 amostras de tambaqui foram utilizadas, com um peso médio inicial de 11,69 + 2,68 g e um comprimento médio
de 7,06 £ 0,44 cm. Apds 30 dias, foram avaliados os parametros hematoldgicos, variaveis metabdlicas, crescimento e
desempenho natatdrio de peixes. As diferentes proporgdes de camu camu na dieta ndo causou alteragdes significativas
nos parametros hematologicos dos tambaquis durante o periodo de alimentacdo, com excecdo de hemoglobina (Hb) e
concentracdo de hemoglobina corpuscular média (CHCM), apds o 30° dia, e hematocrito (Ht), apds o teste de natagao
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de estresse, que aumentou de forma significativa (p <0,05). Os aumentos significativos nas variaveis metabdlicas, como
o cortisol, glicose, proteinas e triglicerideos, e nas variaveis hematologicas apos o teste Ucrit reflete, respectivamente,
adaptagdes bioquimicas para a manutenc¢ao do processo de mobilizagdo de energia e uma necessidade de regulamentagao
na demanda de oxigénio nos tecidos durante o exercicio intenso. Os peixes alimentados com 15% e 30% de camu
camu obtiveram mais peso e melhor desempenho natatorio, respectivamente. Os resultados para as concentragdes camu
camu superiores a 30% indicam uma saturagdo das suas propriedades intrinsecas na dieta, a este nivel e uma perda de
nutrientes a partir da ragdo comercial substituido pelo fruto, reduzindo o desempenho produtivo e assimilagdo nutricional.

Palavras-chave: Amazonia, Colossoma macropomum, Myrciaria dubia, hematologia, acido ascorbico.

1. Introduction

The camu camu (Myrciaria dubia) is a native fruit
of the Amazon, found in the basin’s flood plains and
lakes. It has been described as a partial component of the
natural diet of aquatic organisms in these areas, especially
certain species of fish (Villachica, 1996; Gressler et al.,
2006). Currently, camu camu fruit is used for human
consumption as a food supplement (Chirinos et al., 2010;
Fracassetti et al., 2013) and for medicinal purposes, given
its high nutritional value, antioxidant and anti-inflammatory
properties, and the highest vitamin C content among tropical
plant species, 3000-6000 mg ascorbic acid per 100 g pulp
(Moraes et al., 1994; Leslie, 1998).

According to Yuyama and Siqueira (1999), the
distribution of camu camu seeds in floodplain forests of
the Amazon region is achieved through the currents of
water courses and endozoochorous dispersal. The tambaqui
(Colossoma macropomum) is one of the organisms most
responsible for this dispersal route. This fish is omnivorous
with zooplantophagous tendencies when young and is
frugivorous as an adult (Freeman, 1995), although some
authors consider it uniquely fruit-eating (Soares et al., 1986;
Eckmann, 1987; Saint-Paul, 1991).

The tambaqui (C. macropomum) is the largest characiform
found in the Amazon Basin (Goulding, 1980), where it
is widely distributed (Araujo-Lima and Goulding, 1998).
This species has great potential for aquaculture due to its
husbandry and management qualities, such as good feed
conversion, acceptance of artificial food, resistance to long
periods of hypoxia and excellent meat quality (Saint-Paul,
1991; Melard et al., 1993; Graef, 1995; Aride et al., 2007).
These factors have contributed to it becoming the main
species cultivated in northern Brazil (Val et al., 2000;
Aride et al., 2016).

Inefficient control of commercial exploitation and illegal
fishing of tambaqui have caused a significant reduction in
catch in the natural environment (Val et al., 2000), resulting
in a greater reliance on stocks cultivated in captivity. As a
result, better understanding of the feeding biology of the

fish and methods for increasing its availability in the market
and maximizing its production form part of a sustainable
management strategy for this resource.

This study used biometric, hematological and biochemical
variables to determine the physiological effects of feed
supplemented with camu camu on C. macropomum.
This plant species was evaluated in terms of its potential
to be used as a raw material in the breeding of captive
fish and thereby in the future to reduce feed costs in the
aquaculture in the Amazon Region.

2. Material and Methods

2.2. Ethics statement

All experimental and animal care procedure was
realized before the Brazilian law of Animal Care Committee
established in 2009 year. The project ALTALI was approved
by National Council for Scientific and Technological
Development (CNPq — 554009/2006-4). MS-222 was
used as the anesthetic.

2.3. Origin and culture of experimental animals

Specimens of juvenile C. macropomum were purchased
from the fish farming station of Santo Antonio Farm
(Manaus/Amazonas) and were transported to the laboratory
(National Institute of Amazonian Research), where they
were acclimatized. They then underwent a 15-day adaptation
process in 500-L tanks with aeration and constant water
renewal. During this period, the experimental animals
were fed commercial feed containing 36% crude protein
ad libitum.

The camu camu fruit was kept frozen at -20 °C until the
day of feed preparation. For the preparation of the test diets,
naturally thawed camu camu fruit, milled and seeded, was
added in the proportions 15%, 30% and 45% to the control
diet (commercial feed with 36% crude protein). All feeds
were then repelletized, dried in an oven at 55 °C for 12 hours
and stored at -20 °C. The bromatological values of the
fruit and control feed are shown in Table 1.

Table 1. Centesimal compositions of fruit and the test and control feeds used in the experimental design.

Pulp/ Feed Moisture (%) CP (%) EE (%) CF (%) MM (%) NNE (%)

camu camu (in natura) 11.1 39 7.2 20.4 1.9 55.5
Control 13.0 36.0 8.0 7.0 14.0 22.0
15% camu camu 13.7 37.5 5.5 5.7 9.1 28.5
30% camu camu 14.0 37.3 5.5 5.4 8.8 29.0
45% camu camu 14.1 37.9 5.6 5.9 8.6 27.9

CP: crude protein; EE: ether extract; CF: crude fiber; MM: mineral matter; NNE: non-nitrogenous extract.
Braz. J. Biol. 2018, vol. 78, no. 2, pp. 360-367 361



Aride, PH.R. et al.

The experiment was conducted using a completely
randomized design, where the specimens were distributed
into sixteen 60-L PVC tanks (15%, 30%, 45% camu camu
and a control group). As reference values, the initial
biometrics of all fish and blood samples were taken by
puncturing the caudal vein using previously heparinized
syringes. The mean initial weight and length were 14.6 g
and 7.5 cm, respectively. Each treatment had six replicates
with N =10 (10 fish per tank), totaling 60 fish per treatment.
The tanks were maintained with constant aeration, and
water was renewed every two days.

The fish were acclimatized in this system for one week
and then subjected to the treatments, test feed and control,
twice per day (9 am and 4 pm), ad libitum. After 15 days
of treatment, their biometric values were measured, and
blood samples were collected following the procedure
described above. For blood samples, two fish per tank
was collected to puncturing the caudal vein.

After 30 days of feeding, two fish were randomly
collected from each experimental unit and was subjected
to a swimming stress test (swimming tunnel). To blood
samples collect, fishes was anesthetized with MS-222
(Tricaine methanesulfonate). Final biometry was then
performed, and a blood sample taken.

The temperature, dissolved oxygen and pH of the water
remained constant at 26.8 + 0.09 °C, 5.1 +£0.17 mg/L and
7.01+£0.01, respectively, which suggests that these parameters
had no influence on the physiological parameters of the
tambaqui specimens. The ammonia concentration in the
tank water was 1.03 + 0.15 mg/L and was not considered
toxic enough to change the physiological conditions of
the fish (Cavero et al., 2004). The pH values, dissolved
oxygen and water temperature were monitored daily
using a Micronal B374 pH meter and an YSI 55/12 FT
thermo-oximeter. The methods described by Verdouw et al.
(1978) were used to determine the weekly amounts of
ammonia. These values remained stable throughout the
experimental period.

2.4. Critical swimming speed

The critical swimming speed (Ucrit) was determined
by exposing the fish to a minimum acclimatization speed of
10 cm/s for one hour and gradually increasing it by 10 cm/s
every 30 minutes until the fish became fatigued. The fish
was considered to be fatigued when it failed to exhibit either
natural or manually induced swimming stimuli. The Ucrit
value was determined using the following formula, described
by Brett (1964): Ucrit = ui + (ti /tiii X uii), where ui = last
swimming speed the fish achieved; ti = time at which the
fish fatigued; tiii = stipulated time period for each speed;
and uii = speed at which the fish fatigued.

2.5. Physiology parameters of tambaqui

Erythrocyte values were determined by diluting the
blood samples in formol-citrate solution at a proportion
of 1:200 and counting cells in a Neubauer chamber.
Hematocrit was measured using the microhematocrit
method described by Goldenfarb et al. (1971), and the
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hemoglobin (Hb) concentration was determined according
to the cyanmethemoglobin method described by Van
Kampen and Zijlstra (1961).

These results were used to calculate mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH) and
mean corpuscular hemoglobin concentration (MCHC), as
described by Brow (1976).

The total protein and plasma triglyceride concentrations
were determined using a colorimetric assay with a
Doles commercial kit and readings in a Spectronic
Genesis-2 spectrophotometer at 550 and 510 nm,
respectively. Glucose concentrations were determined
using an Accu-Chek Advantage 11 electronic blood glucose
meter, and cortisol concentrations were determined using
a DRG Cortisol Enzyme Immunoassay kit (Germany) and
reading in a plate spectrophotometer (Biotrak).

2.6. Statistical analysis

All data were expressed as the means and standard
errors of the mean (+ SEM). After testing the normality
of the data, the significance of differences was analyzed
statistically using analysis of variance (one-way ANOVA)
followed by the Tukey test for values that exhibited
statistical significance. The level of significance was set
at a = 0.05 for all analyses (Zar, 1984).

3. Results and Discussion

The tambaqui fed a diet supplemented with 30% camu
camu showed significant increases (p < 0.05) in mean
weight and length on the 30th day of the experiment
(Table 2). Moreover, in this same period, specimens fed
with 15% fruit showed a significant increase (p <0.05) in
percentage weight gain, which did not occur with the other
treatments during the study period (Figure 1).

Fish fed with different proportions of camu camu in
this study showed greater variation in mean weight than
growth (total length) at the end of the analyzed period,
implying an increase in the muscle mass of these fish.
These results may reflect the absorption of protein from
the diet, but which is not used as energy for growth, as
observed by Lovell (1989) and Aride et al. (2010).

Different species of fish have shown wide variations
in their patterns of protein needed for good zootechnical
performance. Lateolabrax japonicus exhibited weight
gain increases with up to 41 % protein in the diet
(Aietal., 2004), Ictalurus punctatus achieved maximum
growth with 35% dietary protein (Li et al., 1998) and
Oreochromis niloticus and O. mossambicus had the best
net protein utilization and feed conversion results with
crude protein levels of 30 %. According to Eckmann
(1987), C. macropomum’s best performance was achieved
with 36 % protein, corroborating the results of the present
study, in which specimens showed significant growth
and weight gain results with 36-37 % protein in the diet
over a period of 30 days. These variations may reflect the
different requirements of the species under various forms of
cultivation and dietary composition (Degani et al., 1989).

The high vitamin C content in camu camu is responsible
for better dietary nutrient absorption, as its antioxidant
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Table 2. Mean (= SEM) weight and height of tambaqui (C. macropomum) fed with feed supplemented with differing

proportions of camu camu in the three analyzed periods.

Feeding period (days)
Parameters Treatment 0 15 30

Control 14.4 +£2.48 15.9+3.59 20.6 £2.41

Weight (2) 15% 13.2+1.17 16.4 +£1.00 23.7+3.77
30% 13.2+1.16° 13.3 £ 1.46° 22.8 +£2.46°

45% 17.8+3.96 16.0+3.27 15.7+2.76

Control 7.47 £0.55 7.75+0.51 8.27+0.31

Length (cm) 15% 7.32+0.19 8.92 £0.62 8.47+£0.40
30% 7.37+0.25° 7.60 +0.28° 8.83 £0.30°

45% 7.95+0.76 7.72 +£0.49 7.40 £0.28

Different letters represent significant differences (p < 0.05) of means (+ SEM) between treatments in different feeding periods.

SEM: standard errors means.
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Figure 1. Mean values (+ SEM) of weight gain of
C. macropomum fed rations supplemented with different
camu camu proportions for 30 days. Different letters
represent differences (p < 0.05) between treatments. SEM:
standard errors means.

properties prevent the actions of free radicals on lipids (energy
reserve) and protein amino acids (Bianchi and Antunes,
1999; Aride et al., 2010), thus optimizing its uptake by the
fish. In this study, the additions of 15 % and 30 % camu
camu seem to have contributed to better dietary nutrient
absorption, resulting in increased mean weight gain and
growth, respectively. The results after increasing fruit
content to 45% suggest a saturation of camu camu’s intrinsic
properties at this level, including the actions of possible
antinutritional factors and the loss of essential nutrients
from the material replaced by the fruit, causing reductions
in body weight gain and growth. The primary evidence of
protein deficiency is weight loss, which mainly occurs due
to a lack of essential amino acids in the diet, preventing
the formation of muscle tissue and other compounds
important to the metabolism.

In this study, critical swimming speed (Ucrit) was used
as a stressor and indicator of the tambaqui’s nutritional and
homeostatic status. The addition to the diet of 30% camu
camu caused a significant increase (p < 0.05) in the critical
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swimming speed of fish in relation to the control diet.
However, fish fed with 45% camu camu had a critical
swimming speed similar to the control fish, which was
significantly slower than that of fish fed with 30% camu
camu (Figure 2).

The fact that the best swimming performance did not
occur in the group with the highest weight gain (15%)
suggests that supplementation with 30% camu camu
promotes an increase in the tambaqui’s energy reserves,
or that fish with lower body weight would have better
swimming performance as long as they still have adequate
energy reserves. The low swimming performance of fish
fed with 45% camu camu suggests that this concentration
does not provide the diet with the minimum amounts of
protein and other minerals present in the commercial feed.

Hemoglobin and MCHC increased significantly
(p <0.05) in all groups of fish fed camu camu after 30 days
of feeding, which did not occur with the controls. The other
parameters did not change significantly during the study
period (Table 3).

After the Ucrit, hematocrit increased significantly
(p < 0.05) in all groups, indicating a mobilization of
stocks of red blood cells released from the spleen by
splenic contraction or a decrease in plasma volume
(Randall, 1982; Franklin et al., 1993; Hackbarth, 2004).
This increase confirms the results of Wilson and Egginton
(1994) and Wang et al. (1994) when evaluating rainbow
trout (Oncorhynchus mykiss) and tambaqui specimens fed
fruit (embatba, catoré and munguba) after intense exercise.
The red blood count (RBC), Hb and Ht are considered the
three hematological indices of the red series primary response,
indicating the oxygen carrying capacity of the blood and
its use by the organism (Hackbarth, 2004). The RBC and
Hb levels in this study suggest a balance between supply
and demand of oxygen of the organisms during aerobic
exercise, increasing gas transfer due to better extraction
and diffusion of oxygen among tissue, factors already
observed by Randall (1982) and Jensen et al. (1983) in
some species of tropical fish. The reduction of MCHC in
fish fed with 15 % and 30 % camu camu (p < 0.05) after the
swimming test may be related to small increases in RBC
and a significant increase in hematocrit during exercise.
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These results were observed during exhaustive exercise of
O. mykiss (1994) and during sustained exercise of Brycon
cephalus (Hackbarth, 2004).

The hematological parameters observed suggest
good nutritional status among the fish fed camu camu

Critical swimming speed
(CCs-1)

504

454
Control 15% 30% 45%
Treatments

Figure 2. Mean (+ SEM) swimming performance of
C. macropomum fed diets supplemented with different
camu camu proportions. *indicates significant difference
(p <0.05) between treatments. SEM: standard errors means.

and indicate adaptive processes that reduced the effects
caused by stress. Tavares-Dias and Moraes (2004) note
that, despite the lack of information and large variation
between species, hematological parameters can be used
to infer fish growth.

The total plasma protein and triglyceride values did
not differ significantly among treatments in the analyzed
feeding period. After Ucrit, there were significant increases
in triglycerides in fish fed with 30% camu camu and in total
proteins in fish fed 30% and 45% camu camu (Table 4).

The concentrations of these metabolites in the plasma
may indicate a migration of extracellular fluids to the
active muscles (Wang et al., 1994) or increased protein
and lipid mobilization for intense muscle contraction
(Van Den Thillart and Van Raaji, 1995). Davison (1997)
demonstrates that fish with high swimming performance
have increased lipid and protein deposits in the intestines
and muscle, especially among salmonids, although other
fish show reductions in these levels, revealing different
energy patterns among species. The increases in plasma
triglycerides and proteins only in the group fed 30% camu
camu, i.e., the group with the fastest critical swimming

Table 3. Mean (= SEM) number of erythrocytes (RBC), hematocrit (Ht), hemoglobin (Hb), MCV, MCH and CMCH of
C. macropomum specimens fed commercial feed supplemented with different proportions of camu camu.

Parameters Treatment Feeding period (days) After Ucrit
0 15 30
Control 1.23+£0.16 1.43+0.09 1.63 +£0.20 2.07+0.13
RBC 15% 1.28 +£0.09 1.29+0.11 1.48 £ 0.07 1.86+0.14
(x10%mm?) 30% 1.20+0.10 1.37+0.17 1.71+0.14 1.92+0.19
45% 1.18£0.15 1.41+£0.21 1.60 £0.19 1.87+0.18
Control 220+1.4 262+ 1.4 25.0+1.9 33.0 +£2.0*
H (%) 15% 23.5+0.8 252+1.7 240+ 1.0 325+ 1.1%
30% 242+1.5 24.7+0.9 225+14 32.0£0.9*
45% 24.0+1.8 26.6+0.8 23.7+1.3 30.5+ 1.0*
Control 591 +0.62 6.66 +0.58 7.31+0.54 7.93+£0.39
Hb (/dL) 15% 4.93 +0.86° 5.98 £ 0.50® 7.46 £ 0.43° 7.73 £0.37
30% 6.15+£0.78% 5.94+0.32° 7.25+0.30° 7.60 +0.38
45% 570 +0.61° 5.89+0.11° 7.16 £0.27° 8.53+0.54
Control 178.86 £ 8.75 18322+ 15.5 158.61 +19.77 162.20 + 19.35
MCV (um) 15% 183.59 + 8.88 195.35+£4.54 157.78 +13.36 175.90 £ 8.21
30% 201.67 £ 15.0 180.29 + 18.82 134.56 + 15.29 173.07 +23.53
45% 203.39 £ 12.0 188.65 £ 5.24 153.67 +17.26 167.87 +£19.49
Control 48.05 +3.87 46.57 + 6.44 45.80£3.31 38.52+2.52
MCH (pg) 15% 38.52+9.55 46.36 +2.94 50.67 +4.82 41.72 + 1.51
30% 51.25+7.8 43.36 +3.55 43.28 +3.84 41.18 £5.96
45% 48.31+4.1 41.47+13.75 46.41 £4.87 47.35+747
Control 26.68 +1.71 2529+ 1.32 2945+ 1.71 24.46 +2.45
CMCH (%) 15% 20.72 +£3.13* 23.67+0.78 29.43 +£0.87° 23.76 +£0.51*
30% 25.07 £ 1.72¢ 24.06 + 1.23* 32.75 +3.05° 23.70 + 0.54*
45% 23.64+1.37° 22.20 +0.59° 30.27 £0.59° 28.00 + 1.67

Different letters represent significant differences (p < 0.05) of means + SEM between treatments in different feeding periods;
*indicates significant difference (p < 0.05) between specimens on the 30" day of feeding and subjected to Uecrit. (-) indicates
non-evaluated parameters.
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speed, indicate that increasing the flow of these metabolites
may contribute to better performance.

Glucose did not differ significantly (p > 0.05) among
treatments when analyzed in the same feeding period.
However, the control group and fish fed 30% and 45% camu
camu showed significant increases (p < 0.05) after 15 days
of feeding, reaching intermediate values until the 30th day
of feeding. These results differ from those observed
for Sparus aurata fed different levels of vitamin C
(25, 50, 100 and 200 mg/kg) (Henrique et al., 1998) and
tambaqui fed 200 and 400 mg ascorbic acid/kg feed and
exposed to hypoxia (Chagas and Val, 2006), where the
evaluated specimens showed no differences in plasma
glucose values during the feeding period. Aride et al.,
(2006) also found no significant differences in tambaqui
specimens subjected to different photoperiods. According to
Pickering and Pottinger (1995) and Reid et al., (1998),
various species of fish exhibit primary responses to
stress, such as increased circulating catecholamines and
corticosteroids, thus triggering secondary effects related
to energy requirements, such as increased blood glucose
by glycogenolysis and gluconeogenesis. These results
were confirmed in our study, which showed significant
increases (p < 0.05) in cortisol and glucose across all
treatments (Figures 3 and 4) after the swimming stress

test, indicating the natural responses of these metabolites
in hyperglycemic production (energy mobilization).
A similar pattern was observed in gilt-head bream (Sparus
aurata) (Hyvarinen et al., 2004) subjected to swimming
stress after being fed a diet with 100 mg vitamin C/kg and
100 mg vitamin E/kg (Ortuiio et al., 2003) and tambaqui
fed different fruits and seeds native to the Amazon.

The present study demonstrates that camu camu is an
efficient alternative in commercial diet supplementation,
with 30% of the fruit providing the highest growth rate and
best nutritional and homeostatic conditions. These results
stimulate future studies to evaluated the alternative feed
costs with camu-camu in the aquaculture in the Amazon
Region. Larger proportions of camu camu seem to neglect
potential nutrients in commercial feed, minimizing uptake
by the fish, thereby reducing their nutritional levels and,
consequently, their zootechnical and swimming performance
levels. The different proportions of camu camu in the diet did
not cause significant changes in hematological parameters,
except after the physical stamina test. Plasma metabolic
parameters showed biochemical adaptations for maintaining
the energy uptake process during exercise. The Ucrit
test was quite effective in inferring the actual nutritional
status of the fish.

Table 4. Mean values + standard errors of total proteins and triglycerides in the plasma of C. macropomum fed diets

supplemented with camu camu.

Proportion of camu camu in diet

Parameter Control 15% 30% 45%
Total proteins ~ without Ucrit 2.73 £0.07 2.61 £0.15 249 +0.18 2.23+0.12
(g/dL) with Ucrit 3.17+0.278 3.30 £ 0.20 4.15 +0.25% 3.43 +0.32%
Triglycerides ~ without Ucrit ~ 209.39 + 39.35 196.61 +70.44  204.88 +13.38  245.86+ 15.42
(mg/dL) with Ucrit 311.84+55.70  406.57+86.68  354.69+41.53*%  333.64+39.71

*significant difference (p < 0.05) for animals fed with the same diet, not subjected or subjected to the swimming stress test (Ucrit).

250 -

200 -

150 4

Glucose mg/dL

100 4

0 15 30 Fatigue

Feeding periods
Figure 3. Mean (+ SEM) glucose values of C. macropomum
fed diets supplemented with different camu camu
concentrations. *indicates significant difference (p < 0.05)

between treatments before and after swimming stress test
(Ucrit). SEM: standard errors means.
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Figure 4. Mean (+ SEM) cortisol values of C. macropomum
fed diets supplemented with different camu-camu
proportions for 30 days and after being subjected to physical
exertion test. *indicates significant difference (p < 0.05)
between treatments before and after swimming stress test
(Ucrit). SEM: standard errors means.
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