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Apparent digestibility of pacu (Piaractus mesopotamicus) diets
containing different levels of phosphorus

Digestibilidade aparente de racdes contendo diferentes niveis de
fosforo para o pacu (Piaractus mesopotamicus)

Juliana Alice Losch Nervis'”; Aldi Feiden?; Evandro Bilha Moro®;
Marlon Casarini Moreno®; Sidnei Klein*; Wilson Rogério Boscolo®

Abstract

The present study aimed to evaluate pacu (Piaractus mesopotamicus) diets and determine the apparent
digestibility at different levels of phosphorus using the feces collection method with an intestinal
dissection marker. A total of 320 pacu with average weights of 768.5+36.34 g were used, and they
were distributed in four 5 m® net cages. The fish were fed isonitrogenous (27%), isoenergetic (3000
kecal/kg) and isocalcium (1.50%) diets with total phosphorus levels of 0.6, 0.8, 1.0 and 1.2%. The fish
were incised with lateral openings to allow for feces removal from the rectum, and the fish were then
sent for carcass chemical composition analysis. Significant differences were observed (P<0.01) between
treatments for the apparent diet digestibility, apparent phosphorous digestibility, available phosphorus and
residual phosphorus. There was a linear decrease in apparent diet digestibility and apparent phosphorus
digestibility with increasing levels of phosphorous in the diet, and the highest values were observed for
the diet with 0.6% total phosphorus. For available phosphorus and residual phosphorus, there was a
linear increase based on total phosphorus levels in the diet. No significant differences were observed for
the chemical composition of the pacu carcasses. Therefore, the greatest digestibility of total phosphorus
in the diet obtained through dissection was observed in the diet containing 0.6% total phosphorus, and
the different levels of phosphorus did not influence the chemical composition of the pacu carcasses.
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Resumo

O presente estudo teve como objetivo avaliar a digestibilidade aparente de ra¢des contendo diferentes
niveis de fosforo para pacus (Piaractus mesopotamicus), através do método de coleta de fezes com
marcador por dissecagdo intestinal. Foram utilizados 320 pacus com peso médio de 768,5£36,34 g,
distribuidos em quatro tanques-rede com capacidade de Sm*. Os peixes foram alimentados com ragdes
isoprotéicas (27%), isoenergéticas (3000 kcal/kg) e isocalcicas (1,50%), com niveis de 0,6; 0,8; 1,0 e 1,2%
de fosforo total. As coletas de fezes foram realizadas, por abertura lateral nos peixes, para retirada das
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fezes presente no reto, e os peixes encaminhados para analise de composicdo centesimal da carcaga. Foram
observadas diferengas significativas (P<0,01) entre os tratamentos para o coeficiente de digestibilidade
aparente da dieta, digestibilidade aparente do fosforo, fosforo disponivel e foésforo residual. Observou-se
uma diminuigdo linear para digestibilidade aparente da dieta e para digestibilidade aparente do fosforo
com o aumento dos niveis de inclusdo de fosforo na ragdo, sendo os maiores valores observados para a
dieta com 0,6% de fosforo total na racdo. Para fosforo disponivel e fosforo residual houve aumento linear
em fungdo dos niveis de fosforo total na ragdo. Nao foram observadas diferengas significativas para a
composi¢do centesimal da carcaga dos pacus. Portanto, a maior digestibilidade do fosforo total da dieta,
obtida através do método de dissecacdo, foi observada na dieta contendo 0,6% de fosforo total para pacu e
os diferentes niveis de fosforo ndo influenciaram na composi¢ao quimica da carcaga de pacus.
Palavras-chave: Aquicultura, nutricdo, minerais, nutrientes

Introduction

Brazil has great potential in aquaculture, and
commercial fish farming is primarily based on
semi-intensive production systems for exotic
species, particularly tilapia (Oreochromis niloticus).
However, Brazilian aquaculture is experiencing a
significant increase in native fish farming, including
that of round fish such as tambaqui (Colossoma
macromum), pacu (Piaractus mesopotamicus)
and tambacu (hybrid of Colossoma macropomum
(female) with Piaractus mesopotamicus (male)).
According to data from the Department of Fisheries
and Aquaculture (Ministério da Pesca e Aquicultura
- MPA, 2012) from 2008 to 2010, round fish
accounted for 24.6% production in continental
aquaculture, and pacu production increased from
15,190.00 tons in 2008 to 21,245.10 tons in 2010,
representing approximately 5% of the national

aquaculture production in this period.

Studies related to the nutrition of these species
have received great attention in recent years and
enabled the identification of certain nutritional
requirements in cultivation systems (BOSCOLO
et al., 2011). Advances and modern aquaculture
techniques have been promoting the progressive
transformation of extensive farms into semi-
intensive or intensive farms to ensure the economic
viability of the activity. Until recently, extensive
fish farming was a common practice; therefore,
supplementary food was often used and low fish
densities were supported by plankton produced in

the environment. The intensification of production

will require an increase in the biomass per unit area
and supply of nutritionally adequate food.

Feed is an extremely important factor and
represents the majority of aquaculture production
costs (ABIMORAD; CARNEIRO, 2004); therefore,
studies aimed at identifying the nutritional needs
of animals have been intensified. Currently, the
identification of appropriate levels of protein,
carbohydrates, lipids, vitamins and minerals are
required for improved growth and economic
profitability and reduced environmental impacts.

Among the minerals required by animals,
calcium and phosphorus are required at higher
levels (ROBINSON et al., 1987). Fish absorb certain
minerals dissolved in water (calcium, magnesium,
sodium, potassium, iron, zinc, copper and selenium)
to meet the species’ requirements. However,
phosphates, which are found in small amounts in
water, must be supplemented in the diet because
the use efficiency is low (MOREIRA et al., 2001).
According to Furuya et al. (2001), minerals available
in the water are insufficient to meet the high levels
of dietary requirements imposed by production
systems; therefore, these nutrients, especially
phosphorus, must be supplemented through the diet.
According to Signor et al. (2011) and Diemer et al.
(2014), the total dietary phosphorus requirement for

pacu ranges from 0.4% to 0.6%.

Phosphorus is the normal
of metabolic and physiological
functions, and the lack of an essential mineral

in the diet can lead to various signs of deficiency

required for
maintenance
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(DATO-CAJEGAS; YAKUPITIYAGE, 1996), such
as low performance and poor bone mineralization.
The digestibility of lipids, carbohydrates and
energy is impaired in fish receiving phosphorous-
deficient diets (RODEHUTSCORD et al., 2000)
because of the important role of phosphorus in
storage processes and chemical energy transfer in
the body through adenosine triphosphate (ATP)
(LEHNINGER et al., 1995). Approximately 85%
the phosphorus in fish is found in the bones and
scales (LOVELL, 1988), and it accounts for 16%
of the minerals in bone structures (STEFFENS,
1987). Phosphorus is crucial in growth and cellular
differentiation in the formation of phospholipids, it
is a component of nucleic acids, and it participates
in maintaining acid-base and osmotic equilibrium
(ANDRIGUETTO et al., 2002).

Virtually all foods contain a certain amount of
phosphorus, but its availability varies between
different ingredients (HEPHER, 1988). In the diet,
only the available fraction of phosphorus should
be considered, and this fraction can often be a
small portion of the total phosphorus. Fish that do
not receive diets with the necessary amount of
phosphorus required for metabolism present retarded
growth, anorexia, deteriorated feed conversion and
impaired bone formation (LALL, 2002).

Information on phosphorous requirements for
each species and its availability in food is essential
for the formulation of low-cost diets that minimize
excretion into the environment (PENAFLORIDA,
1999; WEISMANN et al., 1988). According to Roy
et al. (2002), potential environmental impacts of
wastewater from fish farming are directly related to the
quantity and quality of phosphorus in diets provided
to farmed fish. However, data in the literature on the
demand and biological value of feed and inorganic
sources of phosphorous for fish are scarce, especially
with regard to native Brazilian species.

The evaluation of a food’s digestibility is an
important method of obtaining its nutritional value
for use in formulating nutritionally complete fish

diets. Digestibility values can be influenced by the
conditions and methodologies used in experiments
on digestibility. The decanting method is frequently
used in digestibility experiments; however, feces
fragmentation and component leaching can occur
with this technique and contribute to overestimating
digestibility values (GLENCROSS et al., 2007). An
alternative technique that avoids losses of nutrients
because of leaching is intestinal dissection, which
involves removing fish from the water and collecting
stool samples directly in the posterior region of the
intestine (ROSTAGNO; SAKOMURA, 2007).

Limited studies have been conducted in Brazil
on digestibility and phosphorus requirements in
the various phases and systems for farming native
species. These studies are needed to increase
productive performance in an economically viable
manner, ensure proper fish growth and maintain
carcass and water quality, thereby enabling
sustainable farming, particularly for intensive

farming operations.

Thus, the present study aimed to evaluate pacu
diets to determine the apparent digestibility at
different levels of phosphorous using the intestinal
dissection method and ascertain the influence of
such diets on body composition.

Material and Methods

The experiment was approved by the bioethics
committee and conducted in accordance with
the technical standards for biosafety and ethics
(Experimental Certificate in Animal Use in Research
N°19/2014, regarding Protocol N°26/2013, Ethics
Committee on Animal Use - Comité de Etica no
Uso de Animais - CEUA/Unioeste).

The present study was conducted in the Center
of Technology for fish farming in net cages, which
is located in the Itaipu Reservoir near the Biological
Refuge of the City of Santa Helena, Parana State
(PR). This refuge belongs to the Unioeste Study
Group on Managing Aquaculture (Grupo de
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Estudos de Manejo em Aquicultura da Unioeste -
GEMAQ) of the State University of West Parana/
Toledo Campus (Universidade Estadual do Oeste
do Parana/Campus Toledo).

The experiment was conducted with 320 adult
pacu that had average weights of 768.5436.34 g
and were distributed in four net cages, each housing
80 fish. The net cages had a volume of 5 m?, and
each cage received a treatment. Each experimental
unit consisted of five animals at the time of feces
collection to obtain enough material for analysis.

The treatments consisted of four diets designed

to contain levels of 0.60, 0.80, 1.00 and 1.20%
total phosphorus (DIEMER et al., 2014). The
diets were formulated to be isocaloric (3000 kcal/
kg), isoproteic (27%) and isocalcium (1.50%)
and subjected to extrusion processing in the Feed
Processing Factory of GEMAgq/Unioeste, Toledo
Campus. The treatment of each nutrient in the
diet was performed with the aid of the software
SuperCrac® 5.7 Master (TD SOFTWARE, 2005).
Feeding to apparent satiety was conducted three
times a day (DIETERICH, 2011) at 9:00 am, 2:00
pm and 5:00 pm. The percentage and chemical
composition of the diets are shown in Table 1.

Table 1. Percentage and chemical composition of the experimental pacu (Piaractus mesopotamicus) diets with

different phosphorus levels.

Phosphorous levels (%)

Ingredients (%)

0.6 0.8 1.0 1.2
Soybean meal 41.00 41.14 41.27 41.41
Ground corn 33.20 32.50 31.79 31.09
Wheat bran 15.00 15.00 15.00 15.00
Poultry viscera meal 2.98 2.99 2.99 3.00
Limestone 2.178 2.08 1.38 0.68
Fish meal 2.00 2.00 2.00 2.00
Soy oil 1.31 1.51 1.70 1.90
Vitamin and mineral supplement* 1.00 1.00 1.00 1.00
Salt 0.30 0.30 0.30 0.30
L-lysine 0.14 0.14 0.14 0.14
Propionate 0.10 0.10 0.10 0.10
Butylated hydroxytoluene 0.02 0.02 0.02 0.02
Bicalcium phosphate 0.00 1.08 2.17 3.25
Chrome 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Nutrients
Starch (%) 25.20 24.76 24.33 23.90
Calcium (%) 1.50 1.50 1.50 1.50
Digestible energy (Kcal/Kg) 3.000 3.000 3.000 3.000
Total phosphorous (%) 0.60 0.80 1.00 1.20
Fat (%) 3.78 3.95 4.12 4.28
Total lysine (%) 1.64 1.64 1.64 1.64
Methionine (%) 0.42 0.42 0.42 0.42
Crude protein (%) 27.00 27.00 27.00 27.00

* Vitamin and mineral supplement: Guaranteed levels per kilogram of product: Vit. A. 24,000 IU; Vit. D3, 6,000 IU; Vit. E, 300 mg;
Vit. K3, 30 mg; Vit. B1, 40 mg; Vit. B2, 40 mg; Vit. B6, 35 mg; Vit. B12, 80 mg; Folic Acid, 12 mg; Ca Pantothenate, 100 mg; Vit.
C, 600 mg; Biotin, 2 mg; Choline, 1,000 mg; Niacin; Iron, 200 mg; Copper, 35 mg; Manganese, 100 mg; Zinc, 240 mg; lodine, 1.6
mg; Cobalt, 0.8 mg; Vitamin C monophosphate containing 35% ascorbic acid.
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After a seven-day adaptation period, fish were
fed for 45 and 60 before the first and second sample
collections, respectively, for a total of 60 days
in the experiment. To collect the samples using
intestinal dissection, 20 fish were caught from each
treatment and euthanized with benzocaine (250 mg
L") following the protocol by Gomes et al. (2001).
The carcasses were then placed in a cooler with
water and ice and transported to the Fish Processing
Laboratory of GEMAg/Unioeste, Toledo Campus.
In the laboratory, the fish were weighed and opened
laterally to remove the fecal content.

The distal portion of the intestine behind the
second intestinal valve was removed from the fish
and placed in a Petri dish. The intestine was opened
longitudinally with the aid of surgical scissors, and
the fecal contents were removed with a spatula and
transferred to another Petri dish (ABIMORAD;
CARNEIRO, 2004). A “pool” of the stool samples
was made from every five fish to provide a sufficient

% DI
TDD = 100 — mn(ﬁ) and

where
TDD = total test diet digestibility (%);

AND = apparent nutrient digestibility of the test
diets (%);

DI = diet indicator;

FI = feces indicator;

FN = feces nutrient; and
DN = diet nutrient.

The fish from which fecal samples were taken
were then gutted, washed and packed in sample
packages and frozen for posterior chemical
composition analysis, including analyses of the
carcass dry matter, mineral matter, crude protein,
lipid and phosphorus. The chemical composition
analysis was conducted at LQA/Unioeste. The

samples were pre-dried in an forced-air oven at 55°C

amount to perform the analyses, and four replicates
were performed for each treatment.

The collected fecal samples were sent to the
Laboratory of Food Quality Control (Laboratorio
de Controle de Qualidade de Alimentos - LQA) of
GEMAg/Unioeste, Toledo Campus. The samples
were pre-dried in a forced-air oven at 55°C for
72 hours, and after drying, they were stored in
plastic bags for further analysis. In the laboratory,
analyses of the dry matter were conducted, and a
nitropercloric opening was incised. The samples
were then sent for a chrome reading according to
the methodology of Kimura and Miller (1957) and
phosphorus reading at the Laboratory of Atomic
Absorption Spectrophotometry at the Unioeste
Chemical Engineering Program.

To calculate the total diet digestibility (TDD) of
the dry matter and phosphorus availability (AND),
the equations indicated by the National Research
Council (NRC, 1993) were used.

%D %FN

AND =100 - 100(2—x——]}

%Fl " %DN

for 72 hours and then ground in a multiprocessor
and homogenized to determine the dry matter
(oven at 105°C for 8 h), lipid (Sohxlet extractor),
crude protein (Micro-Kjeldahl) and ash content
(incineration in a furnace at 550°C for 4 hours)
according to the analytical standards of the Adolfo
Lutz Institute (INSTITUTO ADOLFO LUTZ,
2005).

To monitor water quality, three water samples
were collected between the net cages and around the
aquaculture area. The temperature was monitored
daily in the morning at 9:00 am and afternoon at
5:00 pm. The dissolved oxygen and pH of the
water samples were evaluated by portable Hanna
Instruments® potentiometers. The water samples
were collected, preserved in dark polyethylene
bottles and kept refrigerated for posterior total
phosphorus, orthophosphate and total nitrogen
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analyses, which were conducted at LQA/Unioeste.

The data were analyzed for normality (Shapiro-
Wilk) and homogeneity of variance (Levene), and in
the case of differences, Tukey’s test was performed
using the statistical software SAEG (Sistema de
Analises Estatisticas e Genéticas - System for
Statistical and Genetic Analyses) (UFV/SAEG,
1997).

Results and Discussion

The average temperature, pH and dissolved
oxygen values in the water were 24.5+2.04°C;
7.23+0.18 and 7.50+0.18 mg L !, respectively.
These average values are within the recommended
range for the production of tropical fish (BOYD,
1990; SIPAUBA-TAVARES, 1995). The total
phosphorus was 0.065+0.003 mg L', which is close
to the value observed by Diemer et al. (2010), who
conducted a nictimeral and vertical evaluation of

the limnological characteristics of the experimental
aquaculture area; however, this value is above the
value recommended by the National Environmental
Council (CONAMA Conselho Nacional do Meio
Ambiente) Resolution n° 357/2005. Total nitrogen
was 0.115+0.037 mg L-1, which was within the
limit of CONAMA Resolution n® 357/2005.

Abimorad and Carneiro (2004) indicated that
they had difficulty obtaining the minimum amounts
of stool required to analyze the chromium oxide
and protein contents in duplicate using the intestinal
dissection and manual extrusion methods. This
difficulty also occurred in the present study, in
which approximately two grams of dry matter was
obtained from the feces for every five fish, forming
an experimental unit.

The different dietary phosphorus levels affected
the total diet digestibility, apparent phosphorus
digestibility, apparent protein digestibility, available
phosphorus and residual phosphorus (Table 2).

Table 2. Coefficient of apparent phosphorus digestibility for pacu (Piaractus mesopotamicus) diets containing

different levels of phosphorous.

Levels of phosphorous in the diet (%)

Variables (%) 06 0.8 10 12 VC (%)
Total diet digestibility’ 80.36, 71.54, 78.41 73.87, 2.25%*
Apparent digestibility of phosphorous? 70.50, 58.55, 50.72, 44.25, 4.16%*
Apparent digestibility of protein® 86.26, 83.91 85.67, 82.67, 1.23%*
Available phosphorous? 0.42, 0.47,, 0.51, 0.53, 4.58%%*
Residual phosphorous® 0.18, 0.33, 0.49, 0.67, 5.20%*

** P<0.01; ' Linear effect (y=85.9231-0.9305x; r>=0.78); 2 Linear effect (y=94.9708-4.3292x; 1>=0.98); * Linear effect (y=88.6859-
0.4510x; 1>=0.50); * Linear effect (y=3.1916+0.1814x; 1>=0.98); 3 Linear effect (y=-0.3192+0,0818x; r>=0.99).

A linear effect was observed for the diet’s
apparent digestibility and coefficient of apparent
phosphorus digestibility (Figure 1), with the highest
mineral digestibility of 70.50% in the treatment
with 0.6% total phosphorus and lowest mineral

digestibility of 44.25% for the treatment with
1.2% total phosphorus. Oliveira et al. (2011) also
observed a decline in total diet digestibility and
phosphorus digestibility with different levels of
available phosphorus in the diets for tilapia.
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Figure 1. Linear effect between the apparent digestibility of phosphorous and treatments.
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In Figure 2, the available phosphorus and with the inclusion of higher levels of phosphorus in
residual phosphorus values were converted to g kg~  the diet; however, greater phosphorus excretion by
!, and higher phosphorus availability was observed the fish was also observed.

Figure 2. Linear effect between available phosphorous, residual phosphorous and treatments.
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Residual phosphorus presented a linear effect for tilapia and indicated that the excretion of fecal
and increased based on phosphorus inclusion phosphorus per kg of produced fish increased
levels. Similar data were observed by Furuya et al.  linearly with available phosphorus levels of 0.25,
(2008), who studied the availability of this mineral  0.35, 0.45 and 0.55%. The data from the present
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study are also in accordance with Oliva-Teles and
Pimentel-Rodrigues (2004), which shows that
diets with available phosphorus values above the
requirements for pacu (0.4% to 0.6% according
to Signor et al. (2011) and Diemer et al. (2014),
respectively) are not required. However, to obtain
formulations with levels below 0.6%, feeds with
large quantities of animal-derived ingredients,
which often enjoy high availability and low cost
in the market and include meat and bone meal
and other by-products of agro-industrial meat
processers, should be avoided.

The increase in phosphorus levels reduced the
coefficient of apparent protein digestibility. Oliveira

et al. (2011) also found that an increase in dietary
phosphorus produced a linear reduction in the
digestibility of dry matter and protein in the diet of
Nile tilapia. Austreng (1978) reported that during
fish dissection, pressure and injuries in the gut could
occasionally occur, thereby causing the addition of
endogenous nitrogen (mucus and epithelial cells)
to the stool, which can decrease values of protein
digestibility.

The different levels of phosphorous in the diet
did not affect the chemical composition of the pacu
carcasses, and significant differences were not
observed for water content, crude protein, lipids,
mineral matter and phosphorus (Table 3).

Table 3. Chemical composition (g per 100 g) of pacu (Piaractus mesopotamicus) (carcasses) fed diets containing

different levels of phosphorous.

Levels of phosphorous in diet (%)

Variables (%) Initial sample 06 0.8 0 2 VC (%)
Water content 61.69 62.68 62.02 64.12 63.22 2.48m™
Crude protein 16.48 16.42 16.51 15.72 16.09 7.90"
Lipids 15.52 17.02 17.36 15.92 16.89 7.98"
Mineral matter 4.70 4.86 4.71 4.81 4.32 11.79™
Phosphorous 0.72 0.73 0.77 0.75 0.72 12.52ms

" Not significant
The chemical composition values ranged may have influenced the amount of phosphorus.

from 62.02 to 64.12% water-content, 15.72 to
16.51% protein, and 15.92 to 17.36% lipids and
are consistent with those described by Ogawa and
Maia (1999) and Tavares and Gongalves (2011).
These authors described the composition of fish
muscle and noted values ranging from 60 to 85%
water content, approximately 20% protein, 0.6 to
36% lipids and 1 to 2% mineral matter or ash. In the
present study, only mineral matter values (ranging
from 1 to 2%) were above the values described by
these authors, whereas in the present study, these
values ranged from 4.32 to 4.86%. It is noteworthy
that the entire carcass, including the head, was
used for the chemical composition analyses, which

The phosphorous values in the carcass were close
to those found by Dieterich et al. (2012), who
evaluated different sources of phosphorus for Nile
tilapia fry and juveniles and used the whole fish
in the chemical composition analysis. The water
content, protein and lipid values were close to
the values observed by Diemer et al. (2014), who
evaluated different levels of phosphorus in feed for
pacu.

The water content, crude protein and mineral
matter values were close to those observed by
Signor et al. (2011), who evaluated the chemical
composition of pacu carcasses that were fed diets
with different phosphorus levels ranging from 0.4 to
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1.0%. However, phosphorous values in the carcasses
were higher in the present study (approximately
0.7%) than those observed by Signor et al. (2011),
who observed values of approximately 0.4%. It is
important to highlight that the fish in the two studies
were of different ages and weights.

The crude protein and mineral matter values were
also close to the values reported by Furuya et al.
(2008), who evaluated diets containing increasing
levels of available phosphorus ranging from 0.25 to
0.55%. The water content values observed by the
author were higher, whereas lipid levels were lower
because chemical compositions can vary between
species, age, sex, seasonality and physiological
state (TAVARES; GONCALVES, 2011). Pacu has
a higher fat content compared to tilapia, and there is
an inverse relationship between water content and
fat; thus, fish with higher fat content have lower
water content (OGAWA; MAIA, 1999; TAVARES;
GONCALVES, 2011).

In this study, the dissection method was used
on pacu fed diets with varying total phosphorus,
and the highest total phosphorous digestibility was
observed for diets containing 0.6% total phosphorus.
In addition, different levels of phosphorus did not
influence the chemical composition of the fish
carcasses.
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