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Abstract

The demand for wild tambaqui has led to overfishing of their natural stocks, and has thus increased the demand for farmed
fish. This has raised a question regarding the nutritional value of these groups of individuals; to see if they differ when they
grow in wild and farmed environments. The meat of 28 tambaqui was evaluated by measuring the moisture, ash and total
proteins among the fish from the two different environments in the states of Amazonas and Rondénia, Brazil. The averages of
the centesimal composition showed significant differences, between environments and states. The moisture values of wild fish
between the states did not differ, but were higher than those farmed in either of the states. The ash value also showed differences
between groups by environment and between states. However, it was found that wild tambaqui from both states exhibited the
best levels of protein and did not show statistical dissimilarities. The group farmed in Rondénia was also similar to the wild
ones caught in that state. As for farmed fish, the averages between states were different, with the lowest value attributed to fish

from Amazonas. The data show that wild tambaqui had a higher nutritional value than farmed fish.

Keywords: centesimal composition; nutrients; farmed tambaqui; wild tambaqui.

Practical Application: The centesimal composition of wild tambaqui from both the states of Amazonas and Rondo6nia showed

superior results to farmed fish from either state.

1 Introduction

Extractive fishing in continental waters in Brazil reached a total
0f 225,000 tonnes in 2016 (Food and Agriculture Organization of
the United Nations, 2018). Concomitantly, fish farming produced
507,000 tonnes of fish in the same year, of which the northern
region was responsible for 149,000 tonnes of this total (Instituto
Brasileiro de Geografia e Estatistica, 2016). The main species
farmed in this region is the tambaqui (Colossoma macropomum
Cuvier, 1818) which totaled 102,000 tonnes in 2019 (Instituto
Brasileiro de Geografia e Estatistica, 2019).

Tambaqui has been a highlight of production because, besides
being migratory, omnivorous and a filter feeder (Santos et al., 2006;
Dairiki & Silva, 2011), it also has a large physical structure
(Santos et al., 2006) and is capable of withstanding extreme
conditions, both in relation to the quality of the environment
in which it lives and the food offered to it (Ituassu et al., 2004;
Oliveira & Sousa, 2017). These characteristics have consecrated
it on a national level as the second most sought-after fish species
for breeding in captivity, and is only surpassed by the tilapia
Oreochromis niloticus (Linnaeus, 1758) (Instituto Brasileiro de
Geografia e Estatistica, 2019). However, the farming of tilapia
is prohibited in the northern region, which favors tambaqui as
the fish of choice for production.

Wild tambaqui are considered by the consumer as being
of a high-quality species of fish, with high nutritional content
and flavor and, for these reasons, it has a high commercial value
(Fabré & Alonso, 1998; Bombardelli et al., 2005). As a result, this
market preference has motivated an increase in research regarding
this species, with a view to improving reproduction, management
and farming techniques and, as such, aims at the growth and
quality of the farming of these individuals (Freitas et al., 2016;
Oliveira & Sousa, 2017; Corréa et al., 2018).

Currently, the growing supply and demand for fish has
been highlighted at the national level, especially in regards to an
increase in groups of people seeking a healthier lifestyle (Food
and Agriculture Organization of the United Nations, 2016).
Consequently, this results in the emergence of more companies
that invest in research and in the production of foods that are
more beneficial to the consumer. For these reasons, tambaqui
meat has become one of the most desired in the market (Almeida
& Carvalho, 2012; Sales & Maia, 2013; Sena & Oliveira, 2014).

Thus, a question arises on the part of the consumer about
the quality of the meat: which is the best for consumption, that
of wild tambaqui or that which is farmed? To solve this problem,
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it is necessary to have more in-depth knowledge on the subject.
This is acquired through bromatological (Bolzan, 2013), sensory
(Teixeira, 2009; Sousa et al., 2020) and centesimal composition
analyses (Sales & Maia, 2013), which are important parameters
to qualify a given food.

Knowledge of the nutritional values of a food is essential,
especially when it is for human consumption. Based on what
was presented in the literature and on the search for more
in-depth knowledge regarding the properties of the food to be
consumed, this study aimed at analyzing and comparing the
nutritional value of the tambaqui from different environments
(wild and farmed). The hypothesis to be tested was whether the
parameters of moisture, ash value and total proteins present in
the meat of the specimens differ among the different groups of
fish and between the regions.

2 Materials and methods

2.1 Study area

The samples of tambaqui used in the study were obtained
in two states in northern Brazil (Amazonas and Rondonia),
since these states have the highest tambaqui production in the
country (Instituto Brasileiro de Geografia e Estatistica, 2019).
In the Amazonas state, wild specimens were captured in Lago do
Cacau (03°09°22”S 60°06’42” W), and farmed fish were obtained
from a fish farm located at highway marker Km 27 on the
AM-010 highway near the municipality of Iranduba (03°17°06” S
60°11°09”W). In Ronddnia, wild tambaqui were caught in the
Madeira River, near Porto Velho (08°42’56”S 63°55°23”W)
and farmed tambaqui were obtained from a fish farm in the
municipality of Presidente Médici (11°09°37”S 61°54°22”W).

2.2 Sampling and sample preparation

The tambaqui specimens, already slaughtered, were purchased
directly from fishers and fish farmers in the respective regions,
between the months of January and March 2019. A total of 28
individuals were obtained, in a random fashion, in different
environments, in the following sample proportions, seven wild
individuals from Lago do Cacau (Amazonas) and seven from the
Madeira River (Rondonia). For the farmed tambaqui, seven fish
were purchased from a fish farm on highway AM-010, highway
marker Km 27 (Amazonas) and another seven individuals from
Piscicultura Cabega Branca (Ronddnia). For the use of wild fish,
the license number 65059-2, issued by Instituto Chico Mendes de
Conservagio da Biodiversidade - ICMBio, was used. The research
project was submitted to the Ethics Committee of the Federal
University of Ronddnia and approved under the registration
number: 82882817.5.0000.5300.

While on site, the fish were packaged, labeled and stored
in thermal boxes between layers of ice, with a 1:1 ratio
(ice:fish) and then transported to the respective laboratories
in each state. The samples from Amazonas were taken to the
Aquaculture Laboratory - PIATAM at the Federal University
of Amazonas - UFAM and the samples from Rondonia to the
Aquaculture and Fisheries Laboratory - LAP at the Federal
University of Rondénia - UNIR. Subsequently, the specimens,
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still in their natural state, were photographed, and the weight
(g) and the furcal length (cm) were measured. Then, each fish
was subjected to descaling and mincing of the meat, together
with the skin (mincing process). The samples were then divided
into triplicates, making a total of 84 sample units. Following that
they were marked, vacuum-packed and stored in a refrigerator
(-18 °C) until the moment of chemical and quantitative analysis.

2.3 Determination of centesimal composition

The moisture values were determined from the desiccation of
the samples, which was carried out in two stages: lyophilization
of the meat samples, where = 70% of the water present in the
sample was removed (during 48 hours), followed by weighing
and mincing the material for drying in an oven without forced
air circulation at 105 °C, for 16 hours, where the remaining
30% of water was eliminated, according to the INCT-CA
G-003/1 method. The ash values were established through the
total burning of the samples, by incineration in a muffle, with
a temperature varying from 500 to 600 °C (for = 4 hours), in
accordance with the INCT-CA M-001/1 protocol (Instituto
Adolfo Lutz, 2008; Detmann et al., 2012).

For the analysis of proteins, the Kjeldahl method was used.
This consisted of digesting the samples in a digester block
(400 °C) with concentrated sulfuric acid, followed by distillation
with sodium hydroxide in a solution of boric acid and titration
with hydrochloric acid, in accordance with the INCT-CA
N-001/1 method (Detmann et al., 2012). For the calculation of
crude protein - CP (total) in fish meat, the conversion factor 5.6
was used, as suggested by Mariotti et al. (2008).

2.4 Statistical analysis

Initially, quantitative analyses were performed to determine
the centesimal composition (Bolzan, 2013). The values for
moisture, ash and total proteins were grouped by state (Amazonas
and Rondonia) and by environment (wild and farmed), and
subsequently subjected to homogeneity and normality tests.
When the assumptions were met, a Student’s t test and Analysis of
Variance (ANOVA) were used, followed by Tukey’s post hoc test.
To visualize the distribution of the coordinates of the centesimal
composition values among the tambaqui groups by states and
environments, the data were submitted to Correspondence
Analysis (CA) (Gotelli & Ellison, 2011; Infantosi et al., 2014).
All statistical analyses were processed using the Statistica 9.0
program (Statsoft, 2009) and the statistical program R, where
a = 0.05 was considered statistically significant.

3 Results

When analysed by the Student’s t test, the averages of weight
and length of the wild tambaqui from the states of Amazonas
(t=1.43360; p = 0,177) and Rondoénia (t =-1.42737; p = 0.178)
did not differ significantly between themselves. On the other
hand, the groups of farmed tambaqui from both states showed
significant differences between their averages for weight
(t = -2.66967; p = 0.020) and length (t = -4.64586; p < 0.001)
(Table 1).

717



Centesimal composition of wild and cultivated tambaquis

The mean values of the parameters from the centesimal
composition were subjected to analysis of variance and showed
significant differences (ANOVA, F ., =34.993, p < 0.05) between
the groups of fish by state (Amazonas and Rondénia) and by
type of environment (wild and farmed). Using the Tukey post
hoc test, the average moisture values between the meat of the
groups of wild tambaqui from the Amazonas state (x = 79.81%)
and wild tambaqui from Rondonia (x = 79.93) were evaluated,
and no significant differences were found between the means
(p =0.912 and coeflicient of variation - CV =2.09%). This same
pattern was observed between the groups of tambaqui farmed
in Amazonas (x = 75.38) and Rondénia (x = 77.63%) (Table 2).

With regard to ash content, the results obtained with the
Tukey test showed significant differences between groups of
wild individuals from the states of Amazonas (x = 5.53%) versus
Rondénia (x = 4.13%) and between the groups of tambaqui
from Amazonas (x = 4.19%) versus Rondénia (x = 5.65%),
with values of p <0.001 and CV = 9.56%. Using the same test
to compare the averages of protein values between the groups
of wild tambaqui from Amazonas (x = 86.93%) and Rondénia
(x = 80.84%), no significant differences were found (p = 0.153).
However, protein averages differed significantly between groups
of tambaqui farmed in the states of Amazonas (x = 64.11%) and
Rondénia (x = 74.73%), where p = 0.015 (Table 2).

The data resulting from the centesimal composition, when
submitted to correspondence analysis, presented separation
between the variables, both by states and by rearing environments.
Thus, the moisture values were organized in the plot area with a
total inertia of 96.35%. Where dimension 1 (Eigenvalue: 0.00024
and inertia of 79.15%) separated the groups of wild fish on the
right side of the graph, and the farmed fish were allocated on
the left side. In dimension 2 (Eigenvalue: 0.00005 and inertia
of 17.20%), groups of fish were organized by state, where wild
fish from Rondonia were grouped at the top of the graph, and

wild tambaqui from Amazonas were at the bottom of the y axis.
The opposite occurred in the distribution of groups of farmed
fish, with the tambaqui from Amazonas at the top, and those
from Rondonia at the bottom (Figure 1A).

For the ash values, the correspondence analysis correctly
distributed the data in 93.22% of total inertia in the coordinate
matrix. In dimension 1 (Eigenvalue: 0.00469 and inertia of
76.59%), the data were grouped by environments. In the state
of Rondonia, wild tambaqui were placed on the right side of the
graph (x-axis) and those from farms on the left side. Whereas,
wild and farmed fish from the state of Amazonas were grouped
only on the right side of the plot area. In dimension 2 (Eigenvalue:
0.00102 and 16.63% inertia), the groups of fish were separated
by state, with the tambaqui which were caught in the state of
Rondénia at the top of the graph (y-axis) and the individuals
from Amazonas at the bottom of the same axis (Figure 1B).

When observing the behavior of the coordinates obtained
for the protein values (total inertia of 90.17%), it was observed
that in dimension 1 (Eigenvalue: 0.00239 and inertia of
57.91%), the groups of tambaqui from both states were allocated
on the left of the x-axis, and only wild fish from the Amazon
remained grouped on the right side of the plot area. However,
this behavior was also perceived in dimension 2 (Eigenvalue:
0.00133 and 32.26% inertia) where the groups of farmed fish were
separated in the upper portion of the axis, and wild fish from
the state of Rondédnia in the bottom of the same axis, they also
remained at an opposite angle to the group of wild tambaqui
from Amazonas (Figure 1C).

4 Discussion

The centesimal composition clearly shows the amount of
nutrients present in the food. Whether of vegetable or animal
origin (Bolzan, 2013), it is fractionated into moisture, ashes,

Table 1. Biometric parameters with means and standard deviations of the tambaqui used to determine the centesimal composition.

Tambaqui from Amazonas state

Tambaqui from Rondénia state

wild Farmed Wild Farmed
Weight (g) 1381.43 +294.174¢ 1490.57 + 581.84* 1803.51 + 721.285¢ 2351.14 + 623.56°
Length (cm) 36.43 + 3.49* 40.71 + 2.14° 40.19 + 6.034 46.60 + 2.58¢

Tukey test at 95% reliability, equal letters on the same line show when there are no significant differences between the evaluated biometric averages.

Table 2. Average values, standard deviations and coeflicients of variation of the variables: moisture, ash and protein content of the meat of
tambaqui, classified according to the state (Amazonas and Rondonia) and origin (wild and farmed).

Tambaqui from Amazonas state

Tambaqui from Rondonia state

Centesimal parameters (%)

Wwild Farmed wild Farmed
Moisture 79.81 £ 2.544 75.38 £ 0.63% 79.93 +0.844 77.63 £ 1.79%8
CV 3.18 0.83 1.05 2.31
Ash 5.53 +(0.394 419 +0.16% 4.13 +0.48% 5.65 + 0.68*
CV 7.03 3.83 11.73 11.98
Protein 86.93 +7.26* 64.11 + 5.33% 80.84 + 7.684¢ 74.73 + 8.378¢
CcvV 8.35 8.31 9.51 11.20

Tukey test at 95% reliability, equal letters on the same line show when there are no significant differences between the means of the groups of tambaqui. CV = Coefficient of Variation.
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Figure 1. Correspondence analysis, showing the distribution of centroid
coordinates for the values of moisture (A), ash (B) and protein (C),
referring to states and different environments. Where: FA = Farmed
in Amazonas; FR = Farmed in Ronddnia; WA = Wild Amazonas; and
WR = Wild Rondoénia.

proteins, fats, fibers and carbohydrates, which are responsible
for particular functions in the body (Detmann et al., 2012).
Moisture is of paramount importance for food preservation,
because it directly interferes with the speed of tissue deterioration
reactions. Since it represents 70% of the volume of meat and 95%
of vegetables (Bolzan, 2013), consequently, water is responsible
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for the chemical, physical and microbiological reactions that
occur in the fibers of animals and plants (Dergal, 2006).

Therefore, in fish such as tambaqui fry, moisture
makes up about 65% of the fillet (Terrazas et al., 2002;
Mendonga et al., 2011), while in the juvenile phase (Lima et al., 2018;
Oliveira et al., 2020) up to adult (Sales & Maia, 2013; Mesquita,
2013; Lima et al., 2018) values can vary from 70 to 80% of water
present in the meat, corroborating with the results presented
here since both wild tambaqui (= 79.8) and farmed tambaqui
(=76.5) had similar average moisture levels. Other species of
tish such as pacu (Piaractus mesopotamicus Holmberg, 1887)
(Ramos et al., 2008; Cortez et al., 2010; Zuanazzi et al., 2013), tilapia
(Oreochromis niloticus Linnaeus, 1758) (Cortez et al., 2010;
Sales & Maia, 2012; Colpini et al., 2017) and piaugu
(Leporinus microcephalus Garavello & Britski, 1988)
(Lanzarin et al., 2017) showed the same pattern with moisture
ranging from 60 to 80%, both for wild fish and for farmed fish.

When the moisture is removed, the remaining meat is
called dry matter (DM), and it is here that all organic matter
(carbohydrates, lipids and proteins) and inorganic (mineral
material) is concentrated. The ash determines the macro and
micro minerals like calcium, phosphorus, iron, magnesium,
manganese, potassium, copper and zinc, which are responsible
for the formation of the rigid tissue in the bodies and act as
cofactors for enzymes (Dergal, 2006). However, some minerals
present in fresh foods can be lost during the volatilization
process, which occur during the burning of organic matter,
while other elements such as calcium, phosphorus, iron and
sodium remain fixed in the tissues, even after being subjected
to high temperatures (Cecchi, 2003).

Tambaqui fry exhibit high ash content, varying between
10 and 15% (Terrazas et al., 2002; Mendonga et al., 2011).
These values decrease as individuals grow, since juveniles have
values between 0.7 and 2.9% (Lima et al., 2018; Oliveira et al., 2020),
and the same pattern is observed in adulthood, from 0.7 to
2.7% (Sales & Maia, 2013; Mesquita, 2013; Lima et al., 2018).
Also, adult piaugu (Lanzarin et al., 2017) and juvenile tilapia
(Cortez etal., 2010; Sales & Maia, 2012; Colpini et al., 2017) and
pacu (Ramos et al., 2008; Cortez et al., 2010; Zuanazzi et al., 2013),
have these same characteristics. However, the results obtained
in this study were different from the aforementioned species,
since individuals from different environments showed superior
results (= 4.87%). However, these results are not considered as a
rule of thumb as such, since other species, such as adult pirarucu
(Arapaima gigas Cuvier, 1829), showed approximately 7% ash
content in its fillet (Pinto, 2006).

On the other hand, proteins are responsible for vital
functions of the organism, such as immune protection and
as an energy source; acting in vascular organs and systems,
as well as in the transport and storage of molecules and ions
(Tirapegui & Rogero, 2007). They are organic macromolecules
fundamental for cell structure and function, determined from
the total amount of nitrogen present in the body in the form of
amino acids (Galvani & Gaertner, 2006; Tirapegui & Rogero,
2007; Mariotti et al., 2008). In addition to being responsible for
organoleptic characteristics, such as the texture and flavor of
food (Moore et al., 2010).
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Crude protein in tambagqui fry can reach up to 45% of DM
(Terrazas et al., 2002; Mendonga et al., 2011), while in juveniles
(Lima et al., 2018; Oliveira et al., 2020) and adults (Sales &
Maia, 2013; Mesquita, 2013; Lima et al., 2018) this can vary
from 15 to 23%. Other species such as tildpia, pacu and piaugu
show protein values of up to 20% of DM (Zuanazzi et al., 2013;
Colpini etal.,2017; Lanzarin et al., 2017). However, in this study,
the average protein values ranged from 65 to 75% for farmed
fish, and from 80 to 85% for wild fish, parameters that diverge
from those mentioned above.

The amount of protein present in the meat depends on the
species, size, diet and place of capture (Ogawa & Maia, 1999;
Silva et al., 2000; Pinto, 2006). In addition, unlike in the other
studies, this study used, in addition to meat, the skin of the
tambaqui, which has an average of 36% CP in its composition,
while tilapia and pacu have values of 29 and 32% CP, respectively
(Franco etal., 2013). Another interesting issue to be mentioned is
that the farmed tambaqui were fed with extruded feed containing
28% crude protein (Bezerra et al., 2017), while wild specimens
feed on natural diets, such as fruits, seeds, algae and plankton.
These natural food sources represent up to 57% of CP in their
compositions (Silva et al., 2000, 2003), factors that may have
influenced the high protein values presented here.

However, it was found that tambaqui from the wild, in both
states, had the best protein content, together with the group
farmed in Rondonia. The data obtained give scientific support
to the initial question as to which meat had the best nutritional
value, whether that of wild or farmed fish. As for farmed fish, the
group from Amazonas showed lower values than the individuals
from Rondénia. This result may be linked to the fact that fish
farming in this state is more advanced in the rearing of this species
than its neighboring state (Instituto Brasileiro de Geografia e
Estatistica, 2018). There is ample research on this subject, but it
is suggested that future research should use commercially sized
fish (= 1500g) to confirm such inquiries.

5 Conclusion

The moisture values of meat from wild and farmed tambaqui
did not show significant differences, however, wild fish from
the states of Amazonas and Rondonia had higher moisture
values than fish reared on farms. When comparing the ash
values between groups of wild fish, the group of tambaqui from
the state of Amazonas was considered superior to that from the
state of Rondénia, while the opposite occurred for groups of
farmed fish. The values of proteins displayed among groups
of wild tambaqui by state were similar, with the highest values
grouped in fish from Amazonas, which in turn, were higher than
the groups of farmed fish in the respective states. Therefore, the
wild tambaqui from both states and the farmed specimens from
Rondonia were the ones that presented the best values in terms
of their chemical composition.
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