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ABSTRACT. In Brazil, Anodontites trapesialis is a mussel species that occurs spontaneously in fish breeding
sites. This species feeds on the remains of cultural treatments of other aquaculture species. The objective of the
work is to understand the bromatological composition of mussel A4. trapesialis. Individuals were selected to
compose three samples of 500 g each of 4. trapesialis for chemical composition, with viscera and viscera +
shells being evaluated. The species presented 40.42 to 62.76 g of viscera per individual with a moisture content
of 5.16% for viscera + shells and 86.5% for viscera. The mussel contains 42.6 and 12.96% crude protein, 3.16
and 1.76 of ether extract, 0.76 and 2.5% of crude fiber for viscera and viscera + shells. The total digestible
nutrients were 74.16 and 36.96% for viscera and viscera + shells and 18.43 and 52.83% of mineral material for
viscera and viscera + shells. 4. trapesialis has relevant characteristics in its chemical composition as high protein
content that gives the species potential for the human, animal, and other byproducts production.

Keywords: Anodontites trapesialis; centesimal composition; food use; minerals; calcium; protein; alternative
food; aquaculture

INTRODUCTION

With a complex life cycle, the Unionidae freshwater
bivalves have their early stages of development in the
inner demibranch (Bonetto & Ezcurra 1962, Silva-
Souza et al. 2011). Then the planktonic larvae, called
glochidia or lasidium, complete their development
cycle as temporary parasites in fish gills (Fryer 1970,
Mansur et al. 1987). Thus, after complete metamor-
phosis (~27 days after fixation), the freshwater bivalves
release themselves from the fish to become benthic
organisms (Castellanos & Landoni 1990). The bivalve
Anodontites trapesialis is a freshwater bivalve from the
Unionidae family, present from southern Mexico to
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northern Patagonia, and reside in generally lentic
habitats associated with substrate between 1 and 2 m
deep (Simone 1994). This species can be found in
abundance in ponds of farms and fish farms (Felipi &
Silva-Souza 2008). It is a hermaphrodite species (Callil
& Mansur 2007) capable of storing a large number of
larvae (3200 to 3500) in a single individual of about 10
cm shell length (Bonetto & Ezcurra 1962, Hebling
1976). A. trapesialis may impair aquaculture because
despite the minimal injuries to fish caused by parasites,
especially considering the short-term infection, the
parasites can reduce fish growth and increase
vulnerability to opportunistic pathogens (Silva-Souza
& Eiras 2002).
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In Brazil, A. trapesialis occurs spontaneously in fish
breeding sites and is considered to present an
aggressive behavior of invasive species (Felipi & Silva-
Souza 2008). This species feeds on the remains of
cultural tracts of other aquaculture species and grows
along with the reservoirs, only being noticed when the
reservoirs are depleted or dry. The shells of A.
trapesialis (average 15 cm length and 60 g weight)
consist of three layers: the periostracum, the prismatic
layer, and the nacreous layer (Callil & Mansur 2005).

On the other hand, A. trapesialis has been
considered a good opportunity for aquaculture, and
some studies have reported its potential as a food source
with high nutritional values (Tello-Panduro et al. 2003).
The species also offer the potential for animal feed,
food supplements, especially in mineral supplemen-
tation, and even in human food as supplements and
substitutes for the food industry (Klunklin & Savage
2018a,b). Piwoni-Pidrewicz et al. (2019) realized that
the shells of different bivalve mollusks vary and may
have specific compositions. In this work, the authors
verified different calcium carbonate compositions in
the lagoon cockle Cerastoderma glaucum, soft-shell
clam or sand gaper Mya arenaria, Baltic macoma
Limecola balthica, and bay bivalve Mytilus trossulus.
In addition, some bivalve species are used in the
production of mineral compounds, and they are already
studied for their use in the production of raw materials
for industry, for example, the use of their shells to
supply calcium carbonates (Yao et al. 2014, Jovic et al.
2019). Finally, species such as Anodonta sp. have an
interesting potential for producing half pearls (Mabe)
and round pearls in southeastern Mexico, based on its
multicolored and lustrous pattern nacre layer (Saucedo
etal. 2021).

Thus, the potential and various uses of bivalve
compositions warrant the first step of determining the
composition of this species. The objective of the work
is to determine the bromatological composition of
bivalve A. trapesialis.

MATERIALS AND METHODS

Anodontites trapesialis (Figs. la-b) were manually
collected (n = 210; length = 15 + 5 cm) during
September 2019 (dry season) from a fish farm
(16°48'45.82"S, 49°32'8.73"W) in the municipality of
Guapd, State of Goids, Brazil. The samples were
transported to the Federal University of Goids (UFG)
aquaculture sector using plastic bags filled with water
from sample sites under constant aeration. The
specimens were euthanized and dissected for shell
separation.

Figure 1. a) Adult individual of bivalve (Anodontites
trapesialis) with a closed shell, b) the same adult indivi-
dual with open-shell showing tissues and organs.

Individuals were selected to organize three samples
(samples triplicated) of 500 g each of 4. trapesialis to
evaluate bromatological composition. The samples
were dried in a forced ventilation oven at 65°C for three
days. All material from the composite samples,
including shells and internal bivalve material, was
crushed in the Lippel crusher and then passed through
a Wiley mill in 1.0 mm (20 meshes) sieves. It was
decided to use the whole bivalve due to the difficulty of
separating the shell from internal structures in the alrea-
dy dried bivalve and the low meat yield of the internal
components after the bivalve dried.

Fresh bivalves were used and removed from the
shell to check the chemical composition of the internal
bivalve structure (called viscera in this study). The
fresh mass of each bivalve was weighed on a precision
scale until 200 g of fresh material per sample.
Individuals with sizes and weights close to the average
of the individuals were searched to compose the
samples of the different treatments (shells and shells +
viscera) and use the same amount of sample for each
triplicate. Subsequently, the dry and fresh materials
were sent for chemical analysis at the Solocria
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Laboratory to determine macronutrients and micro-
nutrients in animal tissue following the methodology
recommended by Tedesco et al. (1995) and Miyazawa
et al. (1999).

Phosphorus (P), calcium (Ca), and magnesium (Mg)
were considered nutrients. Bromatological analyses
with the characterization of dry mass (DM), crude
protein (CP), ether extract (EE), crude fibers (CF), and
total digestible nutrients (TDN) were also performed
(Silva & Queiroz 2006, Souza et al. 2013). The values
obtained from the samples were used to calculate
average values and standard deviation for comparison.
To observe the relationship between each evaluated
parameter, multivariate analysis (principal components
analysis, PCA) was used. The bromatological compo-
sitions of the 'shell + viscera' and 'viscera' were used in
Pearson's correlation analysis at a statistical
significance of 95% to compare the shell and viscera
components with correlation coefficient for significant
pairs.

Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could
have influenced the work reported in this paper.

RESULTS

The fresh weight of the viscera varied between 40.42 to
62.76 g per individual, presenting a dry mass of only
14.5% and being composed of 42.6% crude protein,
3.16 ether extract, and 0.76% crude fiber. The values of
total digestible nutrients (TDN) were 74.16% and still
18.43% of mineral material.

The dry mass of Anodontites trapesialis (shell +
viscera) varied from 25 to 130 g per individual. Dry
mass values of 96.84% were 12.96% crude protein,
1.76 ether extract, and 2.5% crude fiber. The values of
TDN were 36.96%. About 52.83% of A. trapesialis is
composed of mineral material. Of this composition,
49.83% is calcium oxide (CaO), representing 94% of
the mineral composition of the species. Another 1.33%
of the total is phosphorus (2.5%), and only 0.23% (less
than 0.5% of the total) is magnesium oxide (MgO)
(Table 1, Fig. 2).

In the composition of shells + viscera, the percen-
tage of CP is associated with P. Mineral material (MM)
is associated with a percentage of Ca, as it was
determined that 94% represented this material. TDN,
CF, and EE are directly related to each other, with TDN
and CF directly associated, while CP also influences CP
in the shell in shells + viscera. The levels of CP in the
shells are inversely related to the levels of Ca in the

Table 1. Percentage of bromatological characterization of
Anodontites trapesialis.

Shell + Viscera Viscera

Total digestible nutrients  36.96 + 1.98 74.16 £ 4.27
Dry mass 96.84 + 2.56 145+05
Crude protein 12.96 + 3.36 426+2
Ether extract or lipids 1.76 £ 0.56 3.16+0.2
Crude fiber 25+0.33 0.766 + 0.15
Mineral material or ash 52.83 £ 0.56 18.43 £4.96
Calcium 30.33+2.89 11.73+£3.95
Phosphorus 1.33+0.51 5.76 +0.37
Calcium oxide 49.83 £ 0.56 -
Magnesium oxide 0.23+0.04 -

2.4

Component 1

Figure 2. Principal components analysis of the nutritional
contents of Anodontites trapesialis (symbols with V refer
to the nutritional contents of the viscera, while with S, they
refer to the contents of the shells). TDN: total digestible
nutrients, P: phosphorus, Ca: calcium, DM: dry mass, CP:
crude protein, EE: etheric extract or lipids, CF: crude
fiber, MM: mineral material, CaO: calcium oxide, MgO:
magnesium oxide.

shells (R =-0.999, P = 0.000) and directly related to the
levels of P in the shell (R =0.998, P = 0.000). A CP-
DM relationship was determined considering the
composition of the viscera alone, also associated with
TDN, which was different from shell + viscera.

The CF composition is also associated with the
viscera P and Ca, but it is unrelated to MM and EE. The
correlation also highlights an inverse relationship
between MM and TDN for the viscera (R =-0.999; P =
0.019). The main relationships between shells and
viscera found by PCA (Fig. 3) and correlation reflected
in a direct relationship between the shell CP with the
viscera P-values (R = 0.998; P = 0.024) and an inverse
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Component 2
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Figure 3. Principal components analysis of sources to animal feed composition. TDN: total digestible nutrients, P:
phosphorus, Ca: calcium, DM: dry mass, MgO: magnesium oxide.

Table 2. Anodontites trapesialis percent chemical compaosition in comparison to different marine bivalve and oyster species.
M: moisture, CP: crude protein, EE: etheric extract or lipids, CF: crude fiber, Ash: mineral material, CaO: calcium oxide,

MgO: magnesium oxide.

EE CF Ash CaO MgO Author

Species Portion M CP
Anodontites trapesialis Shell + Viscera 4.12 12.96
Anodontites trapesialis Viscera 86.5 42.6
Perna perna Viscera 84.19 9.09
Perna perna Viscera 84 9.01
Crassostrea gigas Viscera 76.11 12.36
Crassostrea madrasensis  Viscera 82.64 941
Crassostrea rhizophorae  Viscera 82 9.7
Crassostrea madrasensis ~ Shell 80.45

Mytella falcata Viscera 76.68 17.26
Anomalocardia brasiliana Viscera 75.35 17.46
Tagelus plebeus Viscera 76.7 16.39
Protothaca antiqua Viscera 84.54 9.94
Crassostrea iredalei Waste 3.98 73.89

176 25 52.83 49.83 0.23 This study
3.16 766 18.43 - -

This study

1.1 35 158 Furlan et al. (2007)
1.1 1.6 Furlan et al. (2011)
2.8 2 Andrade et al. (2018)
325 32 11 Asha et al. (2014)
1.7 3.2 Martinho & Cruz (2004)
47.49 619 John & Mary (2016)
384 103 18 Lira et al. (2004)
2.68 239 2.24 Lira et al. (2004)
284 235 1.61 Lira et al. (2004)
0.73 2.61 211 Pinheiro et al. (2020)
892 865 - Peralta et al. (2018)

relationship between P-values of the viscera and Ca
contents in the shells (R =-0.999, P = 0.000).

DISCUSSION

The present results demonstrated that the bivalve
Anodontites trapesialis has particular characteristics in its
bromatological composition, making the species worth
considering for its use in animal production. Among
the most relevant characteristics found are the

percentages of crude protein (fresh viscera 42.6% and
shells + viscera 12.96%), high levels of total digestible
nutrients for fresh viscera 74.16%, and mineral material
(52% of the shell) (Table 2). For the minerals, CaO
(49.83%) is considered to be high when compared to
other sources of mineral materials, such as bovine bone
ash with about 33% Ca (Mattar et al. 2014) and bone
meal with only 13.65% Ca (Venegas 2009).

In a preliminary study by Dondoni et al. (2017) with
processing A. trapesialis shells, CaO varied between
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Figure 4. Comparison of feed sources of animal origin. DM: dry mass, TDN: total digestible nutrients, Ca: calcium, MgO:
magnesium oxide, P: phosphorus. All the meanings of the acronyms can be found in Table 3.

43.4 and 45.5%. MgO varied between 0.4 and 1.0%,
which are similar to those found in the present analysis.
In addition, the same authors evaluated that the material
obtained from the shredding of A. trapesialis shells has
the potential for use as a soil pH corrector due to the
high percentage of calcium present in the shells and its
high neutralization power.

The bivalve can be utilized for its internal structures
and shells, aiming for minimal processing to achieve
the bivalve benefits and using the viscera separately.
According to the present analyses, the bromatological
aspects show that the use of the species is still fully
viable, even maintaining high percentages of crude
protein (12.96 + 3.36%). Among the works already
completed with oysters and bivalves, A. trapesialis is
among the richest in protein if the viscera is considered
separately (Table 3).

In initial studies by Santos et al. (2017) in the
Amazon region, A. trapesialis showed lower protein
values (4%). Similarly, Furlan et al. (2011) reported
lower protein values (9.1%) for Perna perna species
grown in Ubatuba, SP, Brazil. Santos et al. (2017) and
Furlan et al. (2011) highlight the variation in the
proximate composition of bivalves according to
seasonality, as well as their place of origin. These
authors mentioned in the paragraph above reinforce the
importance of bivalve as a protein source with low lipid
and caloric content, coherent with previous reports by

Chakraborty et al. (2016). Other different marine
bivalve and oyster species are shown in the table below
(Table 2) to compare the chemical composition and
characteristics, such as the percentage of protein crude
and the mineral material quantity. The comparison of
the bivalves' proximate compositions with other feed
sources can be seen (Fig. 4). To compare the potential
use of bivalves in animal feed, we highlight comparing
the composition of different substrates and sources for
animal feed (Table 3).

In comparison, A. trapesialis presents intermediate
protein levels concerning other agricultural byproducts.
While Eyng et al. (2011) found about 67% protein for
a bone meal and 56% for a fish meal, the present
analyses with A. trapesialis showed about 42.6% in the
viscera and 12% protein considering the shells.
However, the weight of the shell represents 99% of the
total body weight, and this value can be considered
relatively high and attractive since it has an adequate
balance for poultry rations. For example, the ideal
protein content is about 20% of the feed, which may be
composed of several sources of protein (Carvalho et al.
2012), making bivalves good candidates for the
production of this type of animal food, as assessed by
Wachholz et al. (2019), who used golden flour
(Limnoperma fortunei) for the composition of feed for
birds. It is a good source of calcium with a low risk of
heavy metal contamination.
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Although marine bivalve aquaculture activities in
Brazil are more developed than those involving
freshwater bivalves (Agudo-Padrén 2015), freshwater
bivalve species can occur accidentally in fish ponds
producers generally see them as pests. Because, in
addition to potential fish damage caused by infestation,
they can also cause injuries to workers through cuts
when stepping on the shells at the bottom of the tanks
(Felipi & Silva-Souza 2008). Although the manual
collection of individuals is quite laborious, it is
common for individuals to be exposed to these hazards
during maintenance or harvesting. These events were
reported in a preliminary study by Sperandio et al.
(2017) in an experimental fish farm located about 200
km from our collection area, where 520 individuals of
A. trapesialis were found in a 1250 m? tank. In this
context, it is important to find viable solutions for the
use of bivalves, which generally end up dying and are
discarded. Another potential use of the species is for
pearl culture, given its nacre layer's multicolored and
lustrous pattern, with potential future studies.

Thus, this work highlights initial studies that present
A. trapesialis as an alternative for use in human food,
animal, and the production of other byproducts. This
value is demonstrated through the present analyses of
its chemical composition, which show promising
characteristics, such as the percentage of protein crude,
its shell, and the mineral material quantity, containing
a high percentage of calcium oxide. Based on these
preliminary results, several gaps must be answered in
future studies, such as investigating the different
productive managements and their influences on
bromatological characteristics and the seasonal variation
of the bivalve bromatological characteristics
(Chakraborty et al. 2016).
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