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Aquaculture/ Original Article

Organoleptic and nutritional
characteristics of fillets of
pirapitinga fed different protein
sources in a biofloc system

Abstract — The objective of this work was to assess the organoleptic and
nutritional quality of fillets of cultured pirapitinga (Piaractus brachypomus),
fed diets with either partial or total substitution of fishmeal, and to determine
the nutritional quality of the biofloc meal. Fish were cultured in 500-L
tanks with 84 fish m?, treated with biofloc technology (BFT), and fed three
isoproteic diets (24% crude protein, CP) formulated with the following
protein sources: soybean meal (SM); soybean meal + fishmeal (SM+FM); and
soybean meal + spirulina (SM+SP). After 84 days of culture, microbiological,
nutritional, and sensory analyses were carried out on fillets with skin and
without scales. There were not significant differences for dry matter, CP,
moisture, and fat content between treatments. The fatty acid profile showed
21.3+1.03% polyunsaturated fatty acids (PUFAs = ©-3 + ®-6), 37.11£1.29%
monounsaturated fatty acids (MUFAs), and 41.58+1.34% saturated fatty acids
(SFAs). The protein sources soybean meal and spirulina do not affect the fillet
quality of pirapitinga nor the nutritional quality of biofloc meal.

Index terms: Piaractus brachypomus, BFT, fatty acid, fillet quality, soybean
meal, spirulin.

Caracteristicas organolépticas e nutricionais de
filés de pirapitinga alimentada com diferentes
fontes de proteina em sistema de bioflocos

Resumo — O objetivo deste trabalho foi avaliar a qualidade organoléptica
e nutricional de filés de pirapitinga (Piaractus brachypomus) cultivada,
alimantada com dietas com substitui¢ao parcial ou total da farinha de peixe,
e determinar a qualidade nutricional da farinha de bioflocos. Os peixes foram
cultivados em tanques de 500 L com 84 peixes m, em tecnologia de bioflocos
(BFT), e alimentados com trés dietas isoproteicas (24% proteina bruta, PB)
formuladas com as seguintes fontes proteicas: farelo de soja (SM); farelo
de soja + farinha de peixe (SM + FPM); e farelo de soja + espirulina (SM
+ SP). Apds 84 dias de cultivo, foram realizadas analises microbiologicas,
nutricionais e sensoriais dos filés com pele e sem escamas. Nao houve
diferencas significativas quanto a matéria seca, PB, umidade e teor de gordura
entre os tratamentos avaliados. O perfil de acidos graxos foi 21,3+1,03% de
acidos graxos poli-insaturados (PUFAs = ®-3 + ®-6), 37,11£1,29% de acidos
graxos monoinsaturados (MUFAs) e 41,58+1,34% de acidos graxos saturados
(SFAs). As fontes de proteina farelo de soja e spirulina ndo afetam a qualidade
do filé de pirapitinga nem a qualidade nutricional da farinha de bioflocos.

Termos para indexacdo: Piaractus brachypomus, BFT, acidos graxos,
qualidade do fil¢, farelo de soja, spirulina.

Pesq. agropec. bras., Brasilia, v.55, ¢01795, 2020
DOI: 10.1590/S1678-3921.pab2020.v55.01795


https://orcid.org/0000-0002-1245-1154
https://orcid.org/0000-0001-6706-7363
https://orcid.org/0000-0003-1370-0316
https://orcid.org/0000-0001-5796-9419

2 H.A. Alzate Diaz et al.

Introduction

Fish consumption in the world has grown at 5.3%
per year and has reached a consumption of 20.5 kg per
capita year in 2018 (FAO, 2020). In 2018 also, 178.5
million tonnes of fish produced by aquaculture and
fisheries were consumed, and 22.2 million tonnes
were destined to other uses such as fishmeal and fish
oil production.

In continental aquaculture, species such as
pirapitinga [Piaractus brachypomus Cuvier, 181
(Serrasalmidae)] are very important for nutrition
in countries such as Colombia, Venezuela, and
Brazil (Garcia et al., 2013). In Colombia, the average
annual growth of fish production has been 12%, and
pirapitinga occupies the second place in production
(Cruz-Casallas et al., 2011) due to its resistance, good
flesh quality, and good flavor (Sudrez Mahecha et al.,
2008).

Over the years, aquaculture has been intensifying
production systems with a more sustainable
approach in both environmental and economic
aspects (Avnimelech, 2009). Species such as tilapia
Oreochromis niloticus, shrimp (Emerenciano et al.,
2014), and also pirapitinga have been produced in
more intensive systems like the biofloc technology
(BFT), in order to improve their competitiveness and
productivity, as well as to allow of a better use of space
and water (Chaverra Garcés, 2016). These favorable
characteristics of the BFT system have led many
producers to use this technology.

Fishmeal has been the most important source of
protein in aquaculture feed and, due to its scarcity
and cost, the sector is trying to reduce or eliminate its
use, to obtain a greater sustainability (Biswas et al.,
2017). The use of plant origin proteins and oils either
partial or total substitution of fishmeal in aquafeeds
has been investigated by different authors, for various
aquatic species. Among these meal, soybean has a
very complete amino acid profile (Hardy, 2010), as
well as spirulina seaweed Arthrospira platensis, which
has appropriate protein and fatty acid contents (Habib
et al., 2008).

Regarding the species produced in BFT, there are
few studies on the nutritional composition of fish
(Castro Gonzalez et al., 2013), their sensory attributes,
and the nutritional composition of biofloc meal that
can generate nutritional effects in situ (Emerenciano
et al., 2014).
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The objective of this work was to assess the
organoleptic and nutritional quality of fillets of
cultured pirapitinga, fed diets with either partial or
total substitution of fishmeal, and to determine the
nutritional quality of the biofloc meal.

Materials and Methods

The study was carried out in the Laboratorio
de Modelacion Animal (Lama) of the Universidad
Nacional de Colombia, Sede Medellin, Colombia
(6°15'44"N, 75°34'37"W, at 1,600 m altitude), with
26°C average environmental temperature and 65%
relative humidity.

Nine round, plastic tanks of 500 L (450 L useful
volume), under cover with mesh (80%), with individual
heaters (300 watts/ 500 L Resun, Shenzhen, China)
were used as experimental units. The aeration of
the tanks was performed using an HG-C/C2, 1/4
HP pump (Pump Power, USA), to which a system of
microperforated air diffuser hoses (120 cm circles/
tank) was attached from the bottom of the tank, in
order to favor the resuspension of the particles.

Juveniles of Piaractus brachypomus with average
weight of 0.1+0.01 g were obtained from a commercial
laboratory. Fish were stocked in a 1,000 L tank and fed
to apparent satiety with a commercial food containing
38% crude protein (CP) (extruded feed, Solla SA,
Colombia), until they reached 55.6+9.6 g average
weight. From that point on, fish were randomly
stocked in nine experimental units, in three tanks per
treatment, and 42 fish per tank. The experimental
period corresponded to 84 days, until fish reached
200+30 g average weight.

During the experiment, the water quality remained
within acceptable ranges for the species, as follows:
dissolved oxygen (DO) from 5.1 to 5.3 mg L', and pH
from 7.0 to 7.2, both registered with the water quality
monitor YSI Professional Plus (Yellow Springs, OH,
USA); nitrogen compounds from 0.1 to 0.2 mg L', 0.4
to 0.5 mg L', and 184 to 209 mg L', which correspond
to ammonium, nitrite, and nitrate, respectively,
which were determined using the Genesys 105 UV-
VIS spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA).

The biofloc preparation was carried out following
the methodology described by Chaverra Garcés (2016).
It started with red Californian earth worm Eisenia
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foetida leachate at a rate of 1 L per tank. The units
were left for 20 days in maturation with aeration and
permanent water heating. During this time, molasses
at 0.02 g L' as a carbon source, 5 mg L' ammonium
chloride (NH,CI), 50 mg L' sodium bicarbonate
(NaHCO:;s), and 2 g L' sea salt at were daily added to
water. A C:N ratio of 15:1 was maintained to favor the
heterotrophic bacterial culture (Emerenciano et al.,
2017). At the end of the 84 days of culture, the fatty
acid and amino acid composition of a biofloc pool was
determined in each treatment (sample of ~30 g total
weight). For the collection of the biofloc samples,
contents from each tank were filtered with a 45 pum
mesh and dehydrated by lyophilization for 48 hours.
Later, they were vacuum packed and sent for analysis.
Because there is only one result per treatment, no
statistical analysis was carried out.

Three isoproteic extruded diets with 24% CP were
processed in the Laboratorio de Nutricion Acuicola.
The formula and proximal composition of the
experimental diets and protein sources are described
(Tables 1 and 2). Diets were provided to apparent
satiety. The treatments used were protein-based diets
formulated with soybean meal (SM); soybean meal
+ fish meal (SM + FM) with 5% replacement of the
soybean meal; and soybean meal + spirulin (SM + SP)
with 5% replacement of the soybean meal.

The fish for the samples were sacrificed by thermal
shock in water at 6°C and up to the total loss of the
swimming axis (Gregory & Wotton, 1986) and
subsequent spinal cutting. A total of 20 fish was
taken from each tank, and fillet samples with skin
and without scales were obtained, as this is the way
pirapitinga is consumed in Colombia.

The microbiological evaluation was carried out
in the Laboratorio de Microbiologia de Aguas y
Alimentos. A sample of 25 g of fillet was taken from
each tank, maintaining the cold chain and the aseptic
conditions (Gregory & Wotton, 1986). Analyses of
total coliforms, fecal coliforms, Sa/monella sp. and
Staphylococcus aureus were performed by the positive
coagulase method; all the procedures met the 15214
Standard (ISO, 1998).

The proximal analysis was carried out in the
Laboratorio de Analisis Quimico y Bromatoldgico.
Samples of 20 to 25 g of fillet were taken from each tank,
transported under refrigeration and, then, subjected to
oven drying and fine grinding in the laboratory. The

methods used are ISO/IEC:2005, accredited by the
national organization of accreditation (ONAC).

The amino acid evaluation was carried out in the
Instrumental Analysis Laboratory. A sample of 50 g

Table 1. Formula (g 100 g of diet) and proximal composition
of the experimental diets used to feed pirapitinga (Piaractus
brachypomus) in the biofloc system.

Ingredient Soybean Soybean Soybean
meal meal + Fish ~ meal +
meal spirulina
Crystal rice 15 15 15
Wheat flour 15 15 15
Rice flour 7% 2.42 6.20 5.64
Soybean meal 47% 32.93 25.62 25.40
Extruded soybean 5 5 5
Soy oil 1 1 1
Calcium carbonate 4.37 3.65 3.69
Tricalfos (tricalcium phosphate) 2.72 2.40 3.09
Salt 0.77 0.41 0.30
Premix Vitamin 0.30 0.27 0.30
L-methionine 0.23 0.21 0.22
L-lysine Hcl 0.14 0.08 0.21
Choline chloride 60% 0.06 0.060 0.06
L-threonine 0.05 0.04 0.03
Antioxidants 0.02 0.02 0.02
Fish meal 0 5 0
Spirulina 0 0 5
Proximal composition 100 100 100
Moisture (%) 6.4 6.3 5
Crude protein (%) 24.4 25 25
Ashes (%) 11.55 11.05 11.45
Ether extract (%) 2.27 2.48 2.65
Crude fiber (%) 4.7 5 4.5
Gross energy Cal/G 3993 4015 4134
Diet cost (US$ kg™) 0.43 0.45 0.66

Table 2. Proximal composition of protein sources used in
the experimental diets (as feed percentage) used to feed
pirapitinga (Piaractus brachypomus) in the biofloc system.

Proximal Spirulina® Fish Soybean meal
composition Meal® (NRC, 2012)®
Moisture (%) 6.1 7.2 12.0
Crude Protein (%) 61.3 60.0 47.7
Ashes (%) 11.4 26.7 6.3
Ether extract (%) 0.5 53 1.5
Crude fiber (%) 2.8 0.6 39
Gross energy (Cal/G) 4754 3781 4256
Phosphorus (%) 1.2 4.1 0.6

(UNRC, National Research Council. (2012).
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of tissue (fillet pool of at least 4 fish) was taken
from each experimental unit. The samples were
prepared by cutting pieces of approximately 1 cm
width, and then taken to an industrial refrigerator at
a temperature between -18°C and -21°C. Afterward,
they were lyophilized at -40°C for 48 hours, weighed
again and packed in vacuum. For the analysis, acid
hydrolysis was carried out using the 994-12 test
method (Cunniff, 1997), and a subsequent analysis by
the high-performance liquid chromatography (HPLC)
model 1100 series (Agilent HPLC, CA, USA) with UV/
VIS detector was also carried out. Then, 5 uL injection
volume with 2 mL per min flow, with a mobile phase
in sodium monophosphate buffer solution, pH 7.8,
and 45% acetonitrile, 45% methanol, and 45% water
solution were used. The column Agilent-Zorbax
Eclipse AAA Analytical 4.6 x 150 mm, 5 pm (Restrepo
et al., 2012) was used.

The fatty acid profile was carried out in the
Laboratorio de Toxicologia of the Facultad de
Medicina Veterinaria y Zootecnia. The tissue samples
were prepared by taking 5 g of fillet in pool from each
tank. For the lyophilization, pieces of 1 cm width were
cut, weighed, and lyophilized, for 48 hours at -40°C;
later, they were weighed again and vacuum packed.
The fatty acid composition analysis was carried out in
a Shimadzu GC-20A gas chromatograph (Shimadzu
Scientific, Tokyo, Japan), with automatic injector and
flame ionization detector, using a Folch modified
methodology (Restrepo et al., 2012).

The sensory assessment was carried out by taking
into account the 4121 standard (ISO, 2003), and
the characteristics were evaluated by means of a
quantitative, descriptive sensory test by a panel of
5 trained experts from the research organization
Fundacion Instituto Ciencia y Tecnologia Alimentaria
(Intal, Colombia). Fresh cuts, parallel to each other at
3 mm distance, and perpendicular to the lateral line
in the anterior-caudal direction, were made for each
fresh fillet, on its internal side, keeping the skin intact
to provide stability (Suarez Mahecha et al., 2008). For
each experimental unit, 250 g of fresh fillet, steam
cooked and wrapped in aluminum foil at an internal
temperature of approximately 70°C for 3 min were
used. The sensory test was quantitative, descriptive
with descriptors of intensity corresponding to the
following: characteristic and objectionable odor in
raw samples, and appearance, characteristic, and
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objectionable flavor, cohesiveness, oiliness, in cooked
product, sensory quality, and acceptance, all in a
scale of intensity from 0 to 10, where 0 represents the
absence of the characteristic, and values from 9 to 10
represent a very marked characteristic in the fillet
(Suarez Mahecha et al., 2008).

The compliance of normality (Shapiro-Wilk’s and
Kolmogorov-Smirnov’s tests) and the homogeneity
of variances were verified with the Bartletts’ test for
the characteristics evaluated in the fillet. A one-way
analysis of variance was carried out to determine the
effect of the treatment on the fillet characteristics
through the Proc GLM procedure. Since the significant
effect of the treatment at 5% probability is known, the
means were subjected to the Tukey’s test to identify
the differences among the treatments. All procedures
were performed with the statistical software SAS
System (SAS Institute Inc., Cary, NC, USA). The
sensory analyses of the fillets were carried out through
a quantitative, descriptive test with descriptors of
intensity of the fish flesh.

Results and Discussion

At the end of the 84 days of fish culture, biomasses
between 15.3 and 16.8 kg m™, with 100% survival for all
treatments were found. The pirapitingas final weights
were 203.8425.9 g, 223.3+10.9 g, and 196.94+21.7 g, for
the treatments SM, SM+FM, and SM+SP, respectively.
Chaverra Garcés et al. (2017) reported GDP of 0.43 to
0.5 g per day with the use of plant-based diets, with
soybean cake as a protein source for pirapitinga; this
value is lower than that calculated for the present study,
which is 1.7£0.1 g per day.

The microbiological analyses found adequate
ranges for consumption in the tests of total coliforms
and total absence of fecal coliforms. Regarding the
concentration of coagulase-positive Staphylococcus
aureus, concentrations <100 CFU g! were found, and
the absence of Salmonella spp. was reported. The
results showed that the flesh of pirapitinga fed with
the experimental diets and obtained from the biofloc
culture is apt for consumption, according to the 15214
standard (ISO, 1998).

The acceptance of pirapitinga flesh was 100% in
each of the cases evaluated by the panel of experts,
and there were no statistical difference among
treatments (Table 3). Barrero et al. (2012) performed
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sensory analysis by hedonic test on a scale from 1 to 9
for Piaractus brachypomus cultured in biofloc. Also,
Suarez Mahecha et al. (2008) conducted a similar test
for preserved fillets of hybrid cachama. The findings
by the authors, as well as the ones in the present
study, point out that the sensory quality of the fillets
cultured in biofloc is competitive in characteristics
such as characteristic odor and flavor, as well as in
their appearance.

No significant differences among treatments were
found in the proximal analysis of pirapitinga fillets
(Table 4). In studies on pirapitinga fillets, Garcia et
al. (2013) reported 17.12% crude protein and 75.30%
moisture. For the same species, Barrero et al. (2012)
found similar values for crude protein (19.3+0.3%) and
moisture (76.5+0.3%). The fat content in fish flesh
tends to be lower than in other meats; however, it is
usually very variable and is classified as lean or white
when the fat content is <3%, as semi-fat if its content
is between 3-5%, and as fatty fillet when its content
is >5% (Aquerreta et al., 2001). Thus, the pirapitinga
fillets with skin of the present study, with fat content
between 2.2+0.8 and 2.6+£1.0%, can be classified as
lean. It should be noted that the fat of this species
has characteristics of great relevance because it has
omega-3 type fatty acids and low cholesterol content
(Aquerreta et al., 2001; Acuna Reyes, 2013).

Table 3. Sensory quality attributes of pirapitinga (Piaractus
brachypomus) fillets, by means of descriptive intensity
tests!.

Sensory Descriptor Treatments
quality Soybean  SM + fish SM +
meal (SM) meal spirulina

Characteristic ap- 8.1+0.3 8.5+0.7 7.9£1.0
pearance

Fresh  Cparacteristic odor ~ 7.6404 81207 7.8£0.2
Objectionable odor 0.3+0.2 0.1+0.1 0.3+0.2
Characteristic odor 7.5+0.4 8.0+0.2 7.6£0.5
Characteristic flavor 8.0+0.2 7.9+0.3 7.6+0.2

Cooked Objectionable flavor ~ 0.3+0.2 0.3+0.2 0.2+0.2
Cohesiveness 2.1+£0.2 2+0.1 1.8+0.2
Oiliness 2.6+0.2 2.5+0.3 2.240.2
Sensory quality® 7.9+0.5 7.8+0.3 7.3+£0.4
Acceptance (%)@ 100 100 100

(MData correspond to the mean of three replicates + standard deviation.
@The sensory quality is a mean of the sum of the sensory characteristics
in fresh and cooked evaluated fish. ®Acceptance is a characteristic that
evaluates the total consumption of the sample, in percentage, by the panel
of experts.

Izquierdo Corser et al. (2000) analyzed black
cachama Colossoma macropomum fillets and found
159 mg phosphorus contents and 10 mg calcium
contents, with 0.06 Ca: P ratio in 100 g of fillet. In
the present work, the average P contents are 200
mg 100 g, and 27 to 30 mg 100 g! Ca with 0.14 Ca:
P ratio. It should be noted that intermuscular spines,
which were not removed for the analyses, are a source
of minerals, which could explain the Ca and P contents.

The amino acid content showed no significant
difference among the treatments (Table 5), which
indicates that the addition of fishmeal or spirulina
powder did not have any effect on the expression
of amino acids in the pirapitinga fillet. Probably,
the constant supply of amino acids by bioflocs and
the low level of inclusion of these raw materials
were not enough to modify the amino acid profile,
which can be attributed to a low-cost formulation.
High percentages of lysine and low percentages
of methionine were observed in the fillets of the
present study. These amino acids are responsible for
the protein deposition in the muscles (Acufia Reyes,
2013). Very similar lysine contents to those reported
in the present work were found for pirapitinga with
10.8% concentrations in 100 g of fillet, with higher
concentrations of methionine (8.2%) and higher
content of threonine (15.2%) and leucine (16.2%)
than the ones reported in the present study (Izquierdo
Corser et al., 2000). Another amino acid that had a
high level in the present study was leucine, that is
responsible for the regulation of glucose in the body
(Acufia Reyes, 2013). Lysine contents at reported
7.21% and methionine contents at 2.47% for Piaractus

Table 4. Proximal analysis of pirapitinga (Piaractus
brachypomus) fillets (g 100 g of fresh fillet) cultured in a
biofloc system with three protein sources!.

Parameter Treatments
Soybean Soybean meal ~ Soybean meal

meal + fish meal + spirulina
Crude protein (%) 18.9+0.7 18.5+0.7 18.3+ 0.7
Moisture (%) 74.6+0.5 75.9+0.9 74.9+0.5
Ashes (%) 1.2+0.0 1.2+ 0.0 1.2+0.1
Ether extract (%) 2.6+1.0 2.2+0.8 2.5+1.1
Calcium (ppm) 270.7+12.5 305.0+50.3 280.0+21.4
Phosphorus (%) 0.2+0.0 0.2+0.0 0.2+0.0

(MData correspond to the average of three replicates + standard deviation.
Final average weight = average fish weight after 84 days of culture.
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Table 5. Amino acid in fillets (g 100 g of fillet), expressed
as protein percentage, and fatty acid profile (as percentage
of total fatty acids detected) of pirapitinga (Piaractus
brachypomus) cultured in biofloc systems fed with different
protein sources.

Amino acids Treatments

Soybean  Soybean meal Soybean meal
meal +fish meal + spirulina
Isoleucine 3.8+0.2 3.84+0.2 4+0.3
Leucine 6.6+0.3 6.6+0.3 6.9+0.3
Lysine 8.4+1.0 8.2+1.8 9.5+1.6
Essential  \rethionine 2.240.1 2.3+0.2 2.10.2
ik’ Phenylalanine  3.6:0.2 3.840.3 3.740.2
Valine 4.2+0.2 4.240.2 4.3+0.3
Threonine 3.7+0.2 3.84+0.2 3.9+0.1
Tryptophan® NE NE NE
Alanine 6.3+0.3 6.7+0.3 6.5+0.2
Aspartic acid 8.1+£0.3 8.2+0.3 8.4+0.2
Glycine 5.2+0.8 6+0.9 5.4+0.5
Non- Tyrosine 2.6£0.2 2.6£0.2 2.8+0.1
essential  Proline 2.940.1 3.240.1 3.0£0.2
amino Serine 3.2+0.1 3.3+0.2 3.3+0.1
acids  pigtidine 21203 2.20+0.2 2.340.1
Arginine 5.5+0.5 5.9+0.3 5.8+0.3
Glutamic acid ~ 12.1+0.4 12.4+0.5 12.6+0.4
Cystine 1.2+0.1 1.3+£0.2 1.2+0.2
C14:0 2.3+0.2 2.540.1 2.2+0.2
Cl4.1 0.1+0.0 0.1+0.0 0.1+0.0
C15:0 0.1£0.0 0.1£0.0 0.1£0.0
C16:0 27.842.0 28.8+0.4 28.8+0.4
Cle6:1 4.4+0.3 4.9£0.1 4.8+0.4
C17:0 0.2+0.0 0.2+0.0 0.2+0.0
C18:0 9.840.8 9.2+0.2 9.2+0.7
C18:1 ®-9 0.1+0.0 0.1+0.0 0.1+0.0
C18:1 ®-9° 30.0+1.8 29.1+0.9 29.7+0.9
C18:1 -7 1.9+£0.0 1.9+0.1 1.9£0.2
C18:2 -6 14.7+0.5 16.3+0.4 16.1+0.7
C18:3 0-6 0.3£0.0 0.2+0.0 0.5+0.0
Fatty C18:3 »-3 1.2+0.5 1.1£0.0 1.0£0.0
acids C20:0 0.1+0.0 0.1+0.0 0.1£0.0
C20:1 -9 0.6+0.0 0.6+0.0 0.6+0.0
C21:0 0.840.0 0.940.1 1.1£0.1
C20: 4 0-6 1.4+0.1 1.8+0.3 2.0£0.3
C20:5 ©-3 0.1+0.0 0.2+0.0 0.1+0.0
C22:5 -3 0.1£0.0 0.24+0.0 0.240.0
C22:6 ®-3 1.1+0.1 1.6+0.3 1.1£0.2
PUFAS 21.6£1.0 21.37£1.0 21.0+1.1
MUFAS 37.242.2 36.8+1.0 37.3+0.7
SFAS 41.1+3.1 41.8+0.6 42.0+0.4
®-3 2.5+0.1 3.0+0.3 2.5+0.2
®-6 16.4+0.5 18.3£0.7 19.0+0.9
®-6/0-3 6.6+0.7 6.1+0.4 7.6+0.4

(WData correspond to the average of three replicates + standard deviation.
@NE, tryptophan was not evaluated in the amino acid analysis.
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brachypomus, as well as high concentrations of
leucine and argyrene were reported by Vasquez
Torres (2004). In addition , high levels of glutamic
acid, which is of great importance for the human
body, since it acts as a neurotransmitter in the central
nervous system (Acufa Reyes, 2013), were present in
the nonessential amino acids; high values of aspartic
acid and alanine, and very low values of cystine were
also found.

In general, the SFAs content was higher, followed
by the MUFAs and finally the PUFAs, in which the
-6 content prevailed. The analysis of fatty acids
showed elaidic acid as the main MUFA. In the case of
PUFAs, the linoleic acid was the most representative,
and, in the case of SFAs, the palmitic acid was the
most representative. These results corroborate those
by Castro Gonzalez et al. (2013). Saturated fatty acids
SFAs between 40 and 42%, MUFAs between 40 and
44%, and PUFAs between 15 and 17% for pirapitinga
in traditional system were reported by Céspedes
Zambrano & Lopez Vargas (2015). Similarly, Barrero
et al. (2012) studied the fatty acid profile of P.
brachypomus cultivated in biofloc and RAS. They
found the presence of SFAs and MUFAs in adequate
amounts for the two systems; however regarding the
PUFAs, the treatment with biofloc showed neither the
fatty acids 22:2 (0-6) nor the eicosatrienoic acid 20:3
(®-9), but it presented 4.4% DHA amounts and 3.2%
EPA. The ®-6: ®-3 ratio was higher in the biofloc
system than in the RAS one. Thus, it is evident that
the microbial diversity of the BFT system certainly
influences the flesh quality of organisms in these
systems (Emerenciano et al., 2014; Martinez-Cordova
et al., 2015).

The content of ethereal extract in the biofloc is
commonly within 1 to 15% range, with considerable
contents of PUFAs (Hargreaves, 2013). Azim & Little
(2008) reported 3% lipids and 27% PUFAs contents
in dry base in biofloc, which is very similar to those
found in our study, possibly due to similar conditions
such as salinity and food for omnivore species with
low concentrations of crude protein. Regarding the
biofloc fatty acid profile where pirapitingas were
cultured in this study, it is important to highlight the
absence of fatty acids such as the -3, DPA, DHA,
and EPA type, with the notable presence of linolenic
acid. In general, a greater percentage of MUFAs
was obtained, followed by SFAs and, finally, the
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polyunsaturated fatty acids. The absence of ®-3 fatty
acids could be due to the dark conditions and the C:N
15:1 ratio used (Martinez-Cordova et al., 2015). The
absence of fatty acids such as DHA and others with
more than 20 carbons and ®-3 type can be attributed
to their concentrations, which are virtually zero, in
terrestrial vegetables such as seeds and fruits of oil
plants (used in the preparation of diets), (Swanson
et al., 2012). Similarly, pirapitinga showed no ability
to elongate and desaturate fatty acids significantly,
neither in the BTF system studied, nor in the evaluated
diets.

No difference was found between treatments
for amino acid and fatty acid profile of the biofloc
(Table 6). This can be explained, in part, by the raw
materials used in the system. One of the compositional
characteristics of the biofloc is its protein value,
which can be widely variable with crude protein
(CP) levels ranging from 10 to 54% CP (Castro et al.,
2021). An improvement in growth has been shown in
animals, associated with the greater total supply of
proteins in the crop by the food and the floc consumed
(Cardona et al., 2016). The presence of several of the
essential amino acids in flocs makes it possible to
hypothesize a supplementary feeding of amino acids,
when individuals are reared in biofloc (Castro et al.,
2021). It has been shown that there is a consumption
of the cultivated animal and a significant nutritional
contribution of the biofloc, either directly with the
culture water or through the use of floc flour for
the production of balanced feeds (Emerenciano et
al., 2017). Certainly, more studies should be carried
out, in order to clarify the factors that modify the
relationship of the amino acid profile in BFT.

Conclusions

1. Different protein sources as from soybean meal
or spirulina have no effect on the composition of
pirapitinga (Piaractus brachypomus) fillets grown in
the biofloc system.

2. The fillets of pirapitinga grown in biofloc
technology show microbiological, organoleptic,
and sensory characteristics acceptable for human
consumption.

3. The biofloc is a food source or supplement for fish.

Table 6. Amino acid and fatty acid content of biofloc
samples from the pirapitinga (Piaractus brachypomus)
culture (reported as percentage of total fatty acids detected).

Amino acids Biofloc biomass
Soybean Soybean meal + Soybean meal +
meal fish meal spirulina
Aspartic acid 1.98 1.97 2.17
Threonine 1.09 1.07 1.20
Serine 0.85 0.85 0.94
Glutamic acid 2.11 2.04 2.23
Proline 0.63 0.69 0.75
Glycine 1.26 1.21 1.32
Alanine 1.45 1.40 1.58
Valine 1.22 1.11 1.25
Isoleucine 0.86 0.76 0.86
Leucine 1.43 1.32 1.52
Tyrosine 0.74 0.68 0.78
Phenylalanine 1.00 0.89 1.00
Lysine 1.02 0.68 0.95
Histidine 0.32 0.25 0.33
Arginine 1.31 1.25 1.41
Fatty acids
Cl14:0 4.15 2.81 2.19
Cl4.1 2.08 1.31 1.5
C15:0 1.45 0.89 0.69
C16:0 21.65 25.12 25.93
Cl6:1 8.01 8.3 5.69
C17:0 0 0 0
C18:0 6.45 7.66 9.72
Cl18:1 ®-9 2.34 0 0
C18:1 ©-9* 2221 27.86 23.52
C18:1 ©-7 9.71 6.45 7.99
C18:2 0-6 14.09 13.09 14.89
Cl18:3 06 1.63 1.31 2.59
Cl18:3 ©-3 0.93 0.8 0.58
C20:0 0.37 0.48 0.86
C20:1 ®-9 0.67 0.38 0.58
C21:0 0 0 0
C20: 4 ©-6 4.26 3.54 3.28
C20:5 ©-3 0 0 0
C22:5 ©-3 0 0 0
C22:6 ©-3 0 0 0
100 100 100
PUFAS 20.9 18.7 21.3
MUFAS 45 443 39.3
SFAS 34.1 37 39.4
®-3 0.9 0.8 0.6
®-6 20 17.9 20.8
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