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Abstract

The study aimed to determine the fatty acids profile, omegas, and lipid quality in loin in different weight classes of pirarucu (Arapaima
gigas). A total of six pirarucu loin samples were used and sent to the laboratory by weight class, 1 (< 8 kg), 2 (8.1 to 11 kg), 3 (11.1 to 14 kg),
4 (14.1t0 18kg), 5 (18.1to 23 kg), 6 (23.1 to 32 kg), and 7 (> 32 kg). The experimental design was completely randomized, with processing
conducted out in triplicate. Data were submitted to analysis of variance (ANOVA) to assess differences in pirarucu loin between weight
classes. When ANOVA was statistically significant (o = 0.05), the averages were compared using Tukey’s test. Weight class 7 showed higher
values of mineral matter = 1.43, crude protein = 28.93, and energy = 526.35 KJ-100g . However, weight class 2 showed a higher value of
total lipids, 2.60, and moisture, 78.19. The pirarucu loin showed essential fatty acids, EPA, DHA, AA, and ALA, while weight classes 4 and
5 had the highest percentages of PUFAs. However; all weight classes expressed high values in omegas 3, 6, 7, and 9. There is no need to
market heavier fish, as pirarucu loin in lighter weight classes 3 and 4 already meet the nutritional demand of the market.

Keywords: Commercialize smaller fish; Essential fatty acids; Fish farming, Nutritional quality.

Composicao centesimal, valor energético e qualidade lipidica em lombo em diferentes
classes de peso de pirarucu (Arapaima gigas) proveniente da piscicultura

Resumo

0 estudo teve como objetivo determinar o perfil de acidos graxos, 6megas e qualidade lipidica em lombo em diferentes classes de peso
de pirarucu (Arapaima gigas). Foram encaminhadas ao laboratério seis amostras de lombo de pirarucu por classe de peso, 1 (abaixo
de 8 kg), 2 (de 8,1 a 11 kg), 3 (de 11,1 a 14 kg), 4 (de 14,1 a 18 kg), 5 (de 18,1 a 23 kg), 6 (de 23,1 a 32 kg) e 7 (acima de 32 kg).
0 delineamento experimental foi inteiramente casualizado, com processamento realizado em triplicata. Os dados foram submetidos a
analise de variancia (Anova) para avaliar diferencas no lombo entre as classes de peso. Quando a Anova foi estatisticamente significativa
(e = 0,05), as médias foram comparadas pelo teste de Tukey. A classe de peso 7 apresentou valores mais elevados de matéria mineral,
1,43, proteina bruta, 28,93, e energia, 526,35 KJ-100g?, no entanto a classe de peso 2 apresentou maior valor de lipidios totais, 2,60, e
umidade, 78,19. O lombo apresentou acidos graxos essenciais, EPA, DHA, AA e ALA. As classes de peso 4 e 5 apresentaram os maiores
percentuais de PUFAs, porém todas as classes de peso expressaram valores elevados em dmegas 3, 6, 7 e 9. Ndo ha necessidade de
comercializar peixes mais pesados, pois o lombo de pirarucu nas classes de peso 3 e 4 ja atendem a demanda nutricional do mercado.

Palavras-chave: Acidos graxos essenciais; Comercializar peixes menores; Piscicultura; Qualidade nutricional.
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Proximate composition, energy value, and lipid quality in loin in different weight classes of pirarucu (Arapaima gigas) from fish farming

INTRODUCTION

In recent years, the demand for fish has intensified, due to
the transmission of information related to its nutritional value
and because its consumption adds to the health benefits and
promotion of the population’s quality of life (Cavali et al.,
2022a; 2022c¢). Scientific research around the world has revealed
that fish consumption is associated with a low incidence of
cardiovascular diseases, due to fact that fish has essential fatty
acids, such as eicosapentaenoic acid (EPA), docosahexaenoic
acid (DHA), a-linolenic acid (ALA), linoleic acid (AA), etc.
(He, 2009; Barik, 2017; Rodrigues et al., 2017; Watanabe
and Tatsuno, 2019; Cavali et al., 2022b; 2022d). Clinical and
epidemiological studies have suggested for some time that
populations that regularly consume fish are lower prone to
cardiovascular disease (Santos et al., 2019; Costa et al., 2020).

The content and availability of fatty acids vary between fish
species, depending on age and inclusion rates in diet (Nunes et al.,
2012). EPA, DHA, ALA, and AA present in species native of the
Amazon Basin, such as tambaqui (Colossoma macropomum) (Cavali
etal.,2022d), pacu (Piaractus mesopotamicus), pirapitinga (Piaractus
brachypomus) (Rodrigues et al., 2020), surubim (Pseudoplatystoma
corruscans) (Rodrigues et al., 2017), and pirarucu (Arapaima gigas)
(Cavali et al., 2022a), have a strong antiarrhythmic action on the heart
and a powerful antithrombotic action, especially since these acids are
direct precursors of prostanoids (Barik, 2017), as well as eicosanoids,
both playing important roles in the structure of cell membranes and
metabolic processes (Duarte et al., 2020). ALA and AA are necessary
to maintain cell membranes, brain functions and the transmission
of nerve impulses under normal conditions (Nunes et al., 2012).
These fatty acids also participate in the transfer of atmospheric
oxygen to the blood plasma, in synthesis of hemoglobin and in cell
division. These fatty acids are considered essential, because they are
not synthesized by the human organism and most animals, although
they can found in tropical fish (Watanabe and Tatsuno, 2019; Duarte
et al. al., 2020; Cavali et al., 2022a; 2022c).

The gigas  (Schinz, 1822)
(Osteoglossiformes: Arapaimidae) is a native of the Amazon

pirarucu  Arapaima
Basin species of interest for fish farming in Rondonia state, Brazil
(Cavali et al., 2023). In a natural environment, it can reach up
to 200 kg of total weight, and its sociocultural importance has
determined the growing interest in commercial exploitation
(Oliveira et al., 2014). Ronddnia state is the largest producer
of native fish in Brazil, corresponding to a total 57.2 thousand
tons of farmed fish in 2022 (Peixe BR, 2023) and has pirarucu
as one of the most important fish in scientific research and fish
farming (Silva et al., 2022). However, currently environmental

Bol. Inst. Pesca, 2023, 49: €793 | https://doi.org/10.20950/1678-2305/bip.2023.49.e793

authorities, such as the Instituto Chico Mendes de Conservagao da
Biodiversidade (ICMBio), consider natural populations sensitive
to extinction, and others consider some microbasins as invasive
species. Such facts have generated impediments to licensing and
embargoed the development of its production chain in Western
Amazon (Doria et al., 2021).

Pirarucuis an important source of animal protein for the Amazonian
population, and it is essential to know its lipid composition. Given
the information expressed, the benefits of regular consumption of fish
reinforce the validity of promoting incentives through public policies
to increase commercial availability for consumption. With the aim of
reducing production costs (feed can reach 80% of production costs)
(Cavali et al., 2023), younger fish may meet the nutritional demand
of the market, not requiring the entire conventional production cycle.
That is, is it worth reducing the cultivation period? Therefore, this
study aimed to evaluate whether lighter pirarucu (< 14 kg) have
similar nutritional values compared to fish of higher weight class.

Assuming that raised pirarucu in fish farms is not influenced
by Amazon seasonality and considering that fish farms maintain
continuous water renewal in excavated tanks, being faced with the
presuppositions, this study aimed to determine fatty acid profile,
omegas, and lipid quality in loin in different weight classes of
pirarucu (4. gigas), under semi-intensive raised in excavated tanks in
Rondonia state, Western Amazon. This study did not compare the lipid
composition of pirarucu in different hydrological periods, although
determined the lipid profile in pirarucu loin in different weight classes.

MATERIAL AND METHODS

Bioethical considerations

The study was conducted by the Universidade Federal do
Acre, and the analyses were carried out at the Laboratorio de
Analises de Agua e Alimentos, at Universidade Estadual de
Maringa, Maringd, PR, Brazil. The research was supported by the
Fundag@o Rondonia de Amparo ao Desenvolvimento das A¢des
Cientificas e Tecnologicas e a Pesquisa do Estado de Rondonia
and approved by the Committee on Ethics in the Use of Animals,
with protocol No. 012/20121 — Project “Biosseguranca, sanidade
e qualidade nutricional do pescado”. Sample collections were
conducted from May to December 2021 in a fish processing unit,
registered in the Brazilian System of Products of Animal Origin
Inspection, located in Vale do Paraiso city, RO, Brazil.

Commercial diet

The fish processing unit adopted a weight class model for
pirarucu proposed by Dantas-Filho et al. (2022): 1 (< 8 kg), 2
(8.1 to 11 kg), 3 (11.1 to 14 kg), 4 (14.1 to 18 kg), 5 (18.1 to
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23 kg), 6 (23.1 to 32 kg) and 7 (> 32 kg). The fish received
commercial extruded feed according to their age group (weight
classes) (Table 1). It is important to present information on
the guaranteed levels of the fish feeds provided by fish farms,
in order to demonstrate that the commercial fish farms adopt a
standardized diet. Therefore, there is no possibility of a difference
in feeding to cause significant variations in the results of the fatty
acid profile.

Table 1. Guarantee levels of the fish feeds supplied to pirarucu

(Arapaima gigas) in different weight classes.

. . Weight classes
Fish feed composition (g-kg™!)
1 and 2 3-5 6 and 7

Dry matter (g) 910 910 730
Crude protein (min., g) 42 360 32
Fibrous matter (max., g) 95 95 65
Mineral matter (max., g)" 15 15 15
Ethereal extract (min, g) 80 80 40
Calcium (max., g) 20 35 20
Calcium (min., g) 20 20 20
Phosphorus (min., g) 15 15 15

"Pantothenic acid (min) — 3 mg; Biotin (min) — 50 mg; Choline (min) — 290 mg;
Vitamin A (min) - 28,000 IU; Vitamin B, (min) - 2 mg; Vitamin B , (min) — 4 mg;
Vitamin B, (min) — 3 mg; Vitamin B, (min) — 2 mg; Vitamin D, (min) — 5,000 IU;
Vitamin E (min) — 45 IU; Vitamin K, (min) — 2 mg; Vitamin C (min) — 500 mg;
Copper (min) — 10 mg; Total iron (min) — 90 mg; lodine (min) — 0.40 mg; Niacin
(min) — 50 mg; Manganese (min) — 10 mg; Zinc (min) — 180 mg; Selenium (min)
—0.60 mg. Source: fish processing units in Vale do Paraiso city, RO, Brazil.

Fish sampling and processing

The fish sampled came from fish farms that use a semi-
intensive system in excavated tanks. In addition, they maintained
a continuous renewal of the water in the excavated tanks.

A total of six pirarucu loin samples were sent to the laboratory
by weight class, 1 (< 8 kg), 2 (8.1 to 11 kg), 3 (11.1 to 14 kg), 4
(14.1to 18 kg), 5 (18.1t0 23 kg), 6 (23.1to 32 kg),and 7 (> 32 kg)
(Dantas-Filho et al., 2022). The fish sampled were selected from
production systems that did not adopt productive management
that differed from that adopted in most fish farms. For example,
fish from fish farms with recent reports of parasitic infestations,
deaths due to high stocking densities, undernutrition, farmed in
canvas or net tanks, among others, were avoided.

One more detail to be highlighted is that the sampled pirarucu
came from several fish farms that commercialized with the fish
processing unit. Therefore, the sampling was totally random,
obeying the commercial demand.

The pirarucu were removed from the excavated tanks through a

fishing net and underwent the process of desensitization by cerebral
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concussion. Then, they were euthanized by exsanguination sectioning
the carotid veins, according to procedures adopted by the fish
processing unit. These pirarucus were washed, gutted, and processed
into commercial cuts according to market demand (Fig. 1a). The initial
stage of processing was performed on the evisceration table, with the
procedure of removing the skin with scales, removing the head, and
viscera. In definition, the loin is located at the deboned cut top (Fig. 1b).
About the samples storage for later determination of the fatty
acids profile, three samples of 4 cm? and 50 g of pirarucu loin
were taken. These samples were homogenized to obtain greater
representation (Fig. 1c 1), and were properly identified and stored at
-18°C. They were then weighed and stored at 5°C for 12 h, cut into
1-cm? pieces, placed in previously weighed and identified aluminum
containers and frozen at -20°C for 48 h. After that, the containers
with the samples were labeled and frozen again in a freezer at -18°C
until the time of composition analysis (Fig. 1c II). To evaluate the
lipid composition, a LIOTOP L101 lyophilizer was used for 44 h.

Analysis of proximate composition and energy value

The pirarucu loin samples were first freeze-dried, to subsequently
obtain the dry matter, mineral matter, crude protein, and total lipids
content (Detmann etal., 2012). For the evaluation of lipids, lyophilized
3.5 g sample were used, and the lipids were extracted with ethanol and
chloroform (Brum et al., 2009). For the macrominerals quantification,
a complete digestion extract of the sample in sulfuric acid at high
temperature (350-375°C) was obtained. Microminerals were analyzed
from extracts of acid digestion samples under controlled temperatures,
with nitric acid (120°C), and perchloric acid (180-190°C). To carry
out the measurements, an atomic absorption spectrometer (model AA
12/1475, United States of America) was used. The minerals K, total
iron (Fe* + Fe*), Ca*, and Mg?" were determined by the AOAC
Official 969.23 and 968.08 methods according to the methodology
described by Cook (2012). Energy values (in KJ-100g') were
converted from the sum to calories (Kcal-100g"). The theoretical
calculation performed from Eq. 1:

VE = VC [4(PB) + 9(LT)] [4.184] (1)

Where: VE: energy value; VC: caloric value; PB: crude protein
content; LT: value in total lipids.

Fatty acid profile determination and lipid
quality indices

Total lipids were extracted by the method of Bligh and
Dyer (1959), and fatty acid methyl esters were prepared by
methylation of triacylglycerols, as described in method 5509
of the International Organization for Standardization (ISO,
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Source: Rocha (2022).

Figure 1. Sampling and processing of pirarucu (4rapaima gigas) in different weight classes. (a) Filleting and weighing of samples,

(b) Preparation and packaged loin, (¢) Steps I and II of proximate composition analysis.

1978). The fatty acid methyl esters were analyzed in a 14-A
gas chromatograph (Shimadzu Model, Japan), equipped with
a flame ionization detector and a fused silica capillary column
(50-m long, 0.25-mm internal diameter and 0.20-um Carbowax
20M). Ultrapure gas flows (White Martins) were 1.2 mL-min’!
for carrier gas (H,); 30 mL-min" for auxiliary gas (makeup)
(N,); and 30 and 300 mL-min™ for flame gases, H, and synthetic
air, respectively. The sample division ratio (split) was 1/100
(Justi et al., 2005). The column temperature was programmed
at the rate of 2°C-min’!, 150 to 240°C. The injector and detector
temperatures were 220 and 245°C, respectively. Just as Justi
et al. (2005), the peak areas were determined using the CG-300
Integrator-Processor (GC scientific instruments), and the peaks
identification was performed by comparison with the standards
retention times (Sigma Model, United States of America).

Fatty acid profile data were grouped to calculate the values
in omegas (3, 6, 7 and n-9) and the lipid quality indices, omega
6/omega 3, UFAs/SFAs, PUFAs/SFAs, thrombogenicity index
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(TI) (Eq. 2), atherogenicity index (AI) (Eq. 3) (Ulbricht and
Southgate, 1991); and ratio between hypocholesterolemic and
hypercholesterolemic fatty acids (h/H) (Eq. 4) (Santos-Silva
et al., 2002).

AL=[(12:0 + 4 x 14:0 + 16:0)/SMUFAs + En-6 + £n-3 (2)

TI = (14:0 + 16:0 + 18:0)/[(0,5 x SMUFAs) +
(0,5 x =n-6) + (3 x En-3) + (= n-3/n-6)] 3)

h/H=(18:1 n-9+ 18:2 n-6 + 20:4 n-6 + 18:3 n-3 +
20:5 n-3 + 22:5 n-3 + 22:6 n-6)/(14:0 + 16:0) 4)
Statistical design and analysis

All data obtained were stored and organized in Epilnfo™
software, version 3.5.3, 2011 (OS: MS-Windows, C Sharp
programming language). For statistical analyses, the Genes
Program was used, provided by the Universidade Federal de
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Vigosa, version 13.3 (Cruz, 2013). The experimental design
was completely randomized, with pirarucu loin in seven weight
classes, with processing performed in triplicate. Data were
preliminarily submitted to analysis of variance. After the Shapiro-
Wilk test confirmed that the data were normal and homoscedastic,
the Tukey’s test was applied, with 5% significance.

RESULTS

Weight class 7 showed higher values of mineral matter, 1.43,
crude protein, 28.93, and energy, 526.35 KJ-100g! (p < 0.05),
compared to other weight classes. However, weight class 2
showed a higher value of total lipids, 2.60, and moisture, 78.19
(p <0.05), compared to other weight classes (p < 0.05) (Table 2).

Fatty acids found in pirarucu loin (Table 3) expressed
statistically different averages (p < 0.05) in relation to different
weight classes, except for stearic acid (C18:0), which showed
similar averages between the weight classes.

Regarding saturation, weight class 3 expressed the highest value
in SFAs, 45.20%, while weight classes 3 and 6 expressed the highest
values in MUFAs, 38.40 and 38.50%, respectively. The weight
classes 4 and 7 expressed values in UFAs, 61.40 and 61.60%,
respectively. Finally, weight classes 4, 5 and 7 expressed the highest
values in PUFAs, 25.20, 26.10 and 25.60%, respectively (Table 3).

Weight class 1 showed 40.90% in SFAs, 36.70% in MUFAs
and 22.40% in PUFAs, while weight class 2 expressed 43.10%
in SFAs, 34.80% in MUFAs and 22.10% in PUFAs, and weight
class 3 showed 45.20% in SFAs, 39.40% in MUFAs and 15.40%
in PUFAs. Furthermore, weight class 4 expressed 38.60% in SFAs,
36.20% in MUFAs and 25.20% in PUFAs, while weight class 5
showed 43.60% in SFAs, 30.30% in MUFASs and 26.10% in PUFAs.
In addition, weight class 6 expressed 41.70% in SFAs, 38.50% in
MUFAs, and 19.80% in PUFAs. Finally, weight class 7 showed
38.40% in SFAs, 36% in MUFAs and 25.60% in PUFAs (Table 3).

It is important to highlight some of the fatty acids found, EPA,
DHA, ALA, and AA. Weight class 5 showed higher values of EPA
4.91% and DHA 5.77%, while weight classes 5 and 6 showed the
highest ALA values, 1.29 and 1.13%, respectively, and weight
class 7 showed a higher AA value of 15.02% (Table 3).

Concerning the values in omegas found, weight class 5
showed the highest value in omega 3 (12.72%), and weight
classes 4 and 7 showed the highest values in omega 6 (16.79 and
17.09%, respectively). Weight class 6 showed the highest value
in omega 7 (8.10%). Finally, weight class 5 showed the highest
value in omega 9 (48.38%) (Table 3).

Regarding to lipid quality indices, weight class 3 expressed
the highest value in omega 6/omega 3 (6.03), while weight
classes 4 and 7 expressed the highest values in UFAs/SFAs (1.59
and 1.60, respectively), and weight classes 4, 5 and 7 expressed
the highest values in PUFAs/SFAs (0.63, 0.60, and 0.67,
respectively). Except for weight classes 1 and 2, the other ones
did not show statistical difference (p > 0.05) for Al, with weight
classes 4 and 5 mathematically showing the highest values of
0.66. However, weight class 5 expressed the highest value of TI
47.77, while weight classes 1 and 2 expressed the highest values
for h/H, 2.31 and 2.25, respectively (Table 3).

DISCUSSION

The pirarucu loin showed excellent levels of lipid quality
in different weight classes. However, the current study sought
to verify whether it is possible to reduce the cultivation time
without prejudice to the industry, and that was affirmative.
Weight classes 4 (14.1 to 18 kg) and 5 (18.1 to 23 kg) had the
highest energy values and percentages of PUFAs. In addition,
weight class 3 (11.1 to 14 kg) had energy values and lipid quality
indices similar to heavier weight classes. That’s why there is
no need to sell heavier fish, as pirarucu loin in weight classes

Table 2. Proximate composition and energy value in 100 g of pirarucu (Arapaima gigas) loin in different weight classes*.

Weight classes Mineral matter! Crude protein Total lipids Moisture Energy?
1 (<8kg) 1.05£0.22° 18.40+4.19° 1.95£1.17% 78.59 +4.95° 381.37¢
2 (8.1to 11 kg) 1.09 £0.23° 19.73£4.49° 2.60 £ 1.56* 76.56 £4.82% 428.11°
3 (11.1to 14 kg) 1.01 £0.21° 18.49+£4.21° 229 +£1.38® 78.19 £4.93° 395.68°
4 (14.1 to 18 kg) 1.06 £0.22° 19.71 £ 4.49° 2.09 £1.26® 77.13 £4.86® 408.57°
5(18.1to 23 kg) 1.08 £0.23° 19.30 £ 4.39° 1.71 £ 1.06 77.89+4.91%® 387.40°
6 (23.1 to 32 kg) 1.33£0.28® 24,19 £5.51%® 1.47 £0.89° 72.98 £4.60° 460.20®
7 (> 32 kg) 1.43 +£0.30° 28.93 £6.59° 1.12£0.67° 68.50 + 4.32° 526.35°

'Mineral matter: total iron, sodium (Na*), potassium (K*), calcium (Ca*"), and magnesium (Mg?"); %energy value in KJ-100g™'; *averages followed by different letters

in the columns (**) are different from each other by Tukey’s test (p < 0.05).
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Table 3. Fatty acid profile, omegas, and lipid quality indices in pirarucu (4rapaima gigas) loin in different weight classes**.

e T S 1 281 3(11.1 4141 50181 6(23.1t0 7
(<8kg) tollkg) to 14 kg) to 18 kg) to 23 kg) 32kg) (>32kg)
Lauric acid'/ C12:0 1.21¢ 2.01° 2.96° 1.50¢ 1.90° 1.81° 1.64°
Myristic acid'/ C14:0 0.89¢ 1.14¢ 1.53¢ 3.53¢ 2.26° 1.24¢ 2.44°
Pentadecylic acid!/ C15:0 0.03* 0.07* 0.13% 0.05° 0.282 0.212 0.09*
Palmitic acid'/ C16:0 1244 16.12° 2518  18.94> 2335  24.63* 19.16"
Margaric acid'/ C17:0 0.22° 0.27° 0.32° 0.44° 1.542 0.39° 0.51°
Stearic acid!/ C18:0 10.33° 11.67° 12.82*  12.04* 11.27* 10.20*  12.34°
Arachidic acid!/ C20:0 0.19¢ 0.20¢ 0.23¢ 0.38° 0.55° 0.55° 0.52¢
Behenic acid!/ C22:0 0.75° 0.67° 0912 0.30° 0.40° 0.33° 0.29°
Lignoceric acid!/ C24:0 0.33¢ 0.36° 0.37° 0.47° 2.16° 1.23° 0.51¢
Palmitoleic acid?/ C16:1 n-7 2.60° 3.01® 3.63® 2.26° 0.71¢ 4.92¢ 0.33¢
Cis-10-heptadecenoic acid?/ C17:1 0.43° 0.52¢ 0.78° 0.59° 0.54° 1.07¢ 0.46°
Oleic acid?/ C18:1 n-9 20.87° 28.10° 31.192 27.74* 18.94° 26.05° 27.76*
Vaccenic acid? C18:1 n-7 1.80° 2.00° 2.46° 2.32° 3.01° 2.60° 2.14°
Gondoic acid’/ C20:1 n-9 0.13% 0.16° 0.17° 0.11° 0.20° 0.95° 0.12°
Erucic acid¥ C22:1 n-9 0.20° 0.30¢ 0.27¢ 1.80° 0.84° 1.01° 1.64°
o-Linolenic acid (ALA)% C18:3 n-3 0.50° 0.52° 0.57° 0.57° 1.29° 1.13 0.63°
Dihomo-o-linolenic acid® C20:3 n-3 0.45° 0.40° 0.632 0.78? 0.75° 0.53° 0.69°
Eicosapentaenoic acid (EPA)?/ C20:5 n-3 0.60¢ 0.69¢ 0.62¢ 1.52° 4910 3.10° 1.37°
Linoleic acid?/ C18:2 n-6 8.22° 8.68° 0.57° 14.96° 7.98° 8.14° 15.022
Gamma linolenic acid (GLA)? C18:3 n-6 0.28° 0.30° 1.042 0.44° 0.40° 0.40° 0.54°
Conjugated linoleic acid (CLA)?/ C18:2 n-6 8.22° 8.68° 1.66° 10.96° 7.98° 8.14° 15.02¢
Eicosadienoic acid¥ C20:2 n-6 0.43° 0.53¢ 1.66* 0.62°¢ 1.992 1.32° 0.69°
Dihomo-Gamma-linolenic acid (DGLA)? C20:3 n-6 0.18° 0.20¢ 0.71¢ 0.19¢ 0.932 0.73° 0.20¢
Arachidonic acid (AA)* C20:4 n-6 0.84¢ 0.99¢ 0.11¢ 0.47° 0.89° 0.25¢ 0.43°
Docosahexaenoic acid (DHA)* C22:6 n-3 2.87° 3.05° 4.11° 3.24° 5.77° 3.46° 3.70°
Others*
Saturated fatty acids (SFAs) 40.90®  43.100  4520° 38.60° 43.60° 41.70ab 38.40b
*Unsaturated fatty acids (UFAs) 59.10®  56.90° 54.80° 61.40° 56.40° 58.30ab 61.60a
YMonounsaturated fatty acids (MUFAs) 36.70®  34.80°  39.40*°  36.20®  30.30° 38.50a 36.00ab
“Polyunsaturated fatty acids (PUFAs) 22.40®  22.10° 15.40¢  2520* 26.10*0 19.80b 25.60a
Omegas
Omega 3 (n-3) 4.43b 4.66 2.22¢ 6.11° 12.722 8.42 6.39°
Omega 6 (n-6) 1091°  11.75*  13.39*  16.79*  12.29°  11.49®  17.09
Omega 7 (n-7) 4.40% 5.01% 6.09° 4,58 3.72% 8.10° 2.48°
Omega 9 (n-9) 21.90°  29.31%  32.54>  31.06™ 4838  41.90° 33.09"
Lipid quality indeces
Omega 6/0Omega 3 2.46° 2.52° 6.03° 2.75° 0.97° 1.36° 2.67°
UFAs/SFAs 1.44 a 1.322 1.222 1.59¢ 1.29¢ 1.40° 1.60°
PUFAs/SFAs 0.55% 0.51° 0.35° 0.63¢ 0.60° 0.47° 0.67°
Al 0.33b* 0.43% 0.62° 0.66° 0.66° 0.60° 0.59°
TI 20.40¢ 21.91¢ 15.52¢ 28.99° 47.77* 33.61° 29.97°
h/H 2.31° 2.25° 1.26¢ 1.83% 1.29¢ 1.47¢ 2.09®

*Other fatty acids with very small amounts; Al: atherogenicity index; TI: thrombogenicity index; h/H: ratio between hypocholesterolemic and hypercholesterolemic
fatty acids; 'saturation: saturated fat; >unsaturated fat?; *saturated fatty acids (SFAs); Ymonounsaturated fatty acids (MUFAs); “polyunsaturated fatty acids (PUFAs);
**averages followed by different letters in the columns (**°) are different from each other by Tukey’s test (p < 0.05).
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3, 4 and 5 already meets the nutritional demand of the market.
Therefore, this is an alternative to reduce production costs, a
factor that has discouraged fish farmers from raised pirarucu
(Batalha et al., 2019; Cavali et al., 2023; Gotardi, 2023).

Analyzing theresults obtained with the proximate composition
and energy, it was observed that the average values of lipids found
allow classifying the pirarucu loin as low in fat (lean) in relation
to other commercial cuts of pirarucu, such as filet mignon, tail
fillet, and deboned cuts (Cavali et al. 2022a; 2022b). Loin falls
into the low-fat category, under 3%. For Arbelaéz-Rojas et al.
(2002) and Rodrigues et al. (2020), consumer acceptance is
closely related to lipid content, as they improve palatability
and provide a higher pleasant flavor to the meat, being rich in
PUFAs. Lipids can also negatively influence meat quality, due
to post-mortem degradative changes, which are fast in fish with
higher concentrations of lipids. This fact can lead to a reduction
in the service life (Cantonilho and Jesus, 2011).

The lipid content found (< 3%) showed a considerable
difference in relation to results found by Cortegano et al. (2017)
for wild pirarucu. The authors found a value of 6.38% of total
lipids in the dorsal muscle, a region that covers the loin. However,
Dantas Filho et al. (2021), researching the chemical composition
in commercial cuts of tambaqui (C. macropomum) and pirarucu
(4. gigas), raised and found lipid values in pirarucu loin very
close to those obtained in this study, all below 3% for all the
weight classes. Regarding other nutritional values, Dantas Filho
et al. (2021) and Cavali et al. (2021) obtained similar averages in
relation to this study, for the different weight classes, between 1 to
1.43% of mineral matter, 18.40 to 28.93% crude protein, 1.95 to
2, 60% of total lipids, 68.50 to 78.59% of moisture and 381 to 461
KJ-100g™". Dantas Filho et al. (2022) determined mineral profiles
in commercial cuts of pirarucu from fish farming in Rondénia
state. They found values very close to those obtained in this study.

The characteristic of lower fat deposition, as in pirarucu loin,
and higher fat, as in filet mignon and tail fillet of pirarucu (Cavali
et al., 2022a), has a positive nutritional appeal, because it favors
the phospholipid ratio of membrane vs. neutral lipids, due to lower
deposition of triglycerides in adipocytes (M’barek et al., 2017),
favors the acid profile due to greater deposition of PUFAs essential
fatty acids, mainly long-chain fatty acids. These fatty acids
participate in several metabolic processes beneficial to human
health, especially n-3 isomers (Benjamin and Spener, 2009).

Very long-chain PUFAs are derived from AA with priority
over EPA and DHA by stretching and desaturation and are
able to modulate inflammatory processes by competing with
polyunsaturated fatty acids n-6 derivatives of AA, such as DTA,
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by the deposition of membrane phospholipids in cells of the
immune system (Antonelo et al., 2020). According to Harris
et al. (2009), it is recommended to consume between 250 and
500 mg of EPA + DHA per day, and, according to Helenius
et al. (2020), the conversion of linolenic acid into EPA and DHA
fatty acids is limited, and the efficiency in transferring AA to
EPA and from EPA to n-3 DHA in adult humans is about 0.2
and 0.05%, respectively. Generally, eicosanoids produced from
n-3, mainly EPA and DHA, are reported as essential fatty acids
due to inhibition of stearic acid metabolism to inflammatory
eicosanoids, because they increase anti-inflammatory mediators,
vasodilation and also inhibit platelet aggregation when compared
to produce in n-6 series of eicosanoids (Antonelo et al., 2020).
That is, the enzymatic action of these polyunsaturated fatty acids
in modulating the lipid profile from unsaturated to saturated
during metabolism changes the diet efficiency consumed and the
profile ingested, making the meat healthier (Vieira et al., 2015).

Comparing the percentage of fatty acids SFAs, MUFAs and
PUFAs (Martino et al., 2002; Ng et al., 2003; Orban et al., 2008;
Tanamati et al., 2009; Chaijan et al., 2010), when evaluating the
fatty acid profile in a whole frozen cut of P. corruscans, Clarias
gariepinus, Pangasius hypophthalmus, P. mesopotamicus, and
Pangasius bocourti, respectively, found lower percentages of
PUFAs (18.10, 20.50, 12.45, 18, and 14.80, respectively) to
values obtained in pirarucu loin in different weight classes.

The omega 6/omega 3 ratio has been also used as a criterion
to assess the lipids quality by the World Health Organization
(WHO). The excess of AA prevents the transformation of
ALA into its derivatives EPA and DHA. The same occurs
otherwise, with lower consumption of AA; there will reduction
in arachidonic acid activation, because the A-6-desaturase
enzyme has the purpose of both fatty acids (Martins et al., 2017).
However, the enzyme is more specific for n-3 and will require
lower percentages of these acids than n-6 fatty acids to produce
the same percentage of PUFAs (Gomes et al., 2016). That is,
there must be a greater proportion of AA than of ALA, although
a balance in value of 4 between dietary supply of the two fatty
acids is required, and the ratio of omega 6/omega 3 found in
this study was between 0.97 and 6.03. Then, only weight class 3
(11.1 to 14 kg) showed quality for this index.

Regarding lipid quality indices, a method prescribed by the
WHO to assess lipid quality is based on the ratio of fatty acids
UFAs/SFAs, values below 0.45 being considered unhealthy.
Pirarucu loin weight classes expressed values between 1.22
and 1.60, therefore indicating lipid quality and a higher
proportion of PUFAs in relation to SFAs. SFAs are considered
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hypercholesterolemic, and the most worrying for cardiovascular
health, in this sense, are myristic, lauric and palmitic acids (Nunes
etal., 2012). PUFAs increase blood cholesterol levels by reducing
LDL-cholesterol receptor activity and reducing LDL free space
in the bloodstream (Grundy and Denke, 1990). Palmitic acid
is the most harmful to cardiac functions and the most found in
beef and pork fats (Hautrive et al., 2012). Nonetheless, lyristic,
lauric and palmitic SFAs were found in insignificant percentages
among the lipid contents of pirarucu loin (Table 3).
LDL-cholesterol is known as a low-density lipoprotein.
It can accumulate in the arteries and coronary arteries and lead to
formation of atherosclerotic plaques that can interrupt blood flow
to organs such as the heart and brain, increasing the risk of a heart
attack (Jankowska et al., 2010). However, there is another fraction
of PUFAs, omegas 3, 6 and 9, present, for example, in pirarucu
loin, the HDL-cholesterol, whose function is to remove the LDL-
cholesterol from the bloodstream and cause it to be metabolized
in the liver (Leite et al., 2015). Tropical fish are excellent
suppliers of n-3 and n-6, which are polyunsaturated lipids. That is
why bromatological studies indicate the consumption of cooked
fish to reduce LDL-cholesterol, maintaining the presence of
HDL-cholesterol in the bloodstream (Martins and Oetterer, 2011;
Hautrive et al., 2012; Franco et al., 2018; Siqueira et al., 2018).
It is worth mentioning n-7 found. It is a nutrient responsible
for increasing sensitivity to insulin, preventing type-2 diabetes.
It reduces inflammatory processes and LDL-cholesterol levels,
in addition to improving the elasticity of the arteries. In short,
it helps in the treatment of metabolic syndromes (Passos et al.,
2016). Palmitoleic acid is an n-7 series fatty acid, which has
been gaining prominence in scientific publications because it
is considered a potent anti-inflammatory. Thus, some studies
propose its consumption to reduce the risk of inflammatory and
metabolic diseases (Frigolet and Gutiérrez-Anguilar, 2017). Thus,
consumption of n-7 is suggested to reduce this trigger related to
diabetes and other metabolic diseases (Kratz et al., 2014).
Despite this, the Western diet, rich in industrialized products,
cheese, and fried foods and low in fish, fruits, vegetables,
and legumes, contributes to omega 6/omega 3 ratio being
approximately 20:1, when the WHO recommends about 5:1
(Kratz et al., 2014; Souza et al., 2017). Evidence points to the
importance of increasing the consumption of n-3, for the most
physiological possible, and for this some changes in diet must
be made, such as the consumption of tropical fish (Passos et al.,
2016). According to lipid quality data tabulated by some studies
(Passos et al., 2016; Rodrigues et al., 2017; Souza et al., 2017;
Xiyang et al., 2020), the results of Al, TI and h/H showed in
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Table 3 express high lipid quality. More specifically, the values
found for Al were between 0.33 and 0.66, for TI between 20.4
and 47.77, and finally for h/H between 1.26 and 2.31.

TI and Al indices are related to the potential to stimulate
platelet aggregation. Therefore, this study presents data on
high lipid quality of 4. gigas loin compared to the fatty acid
profile of other fish. This is due to the significant concentration
of antiatherogenic acids, with the potential to prevent the
emergence of coronary diseases, as mentioned by Mahan and
Escott-Stump (2018). In contrast, a higher h/H ratio obtained
from pirarucu loin indicates greater nutritional suitability (oil
or fat) for human consumption, because this index is related to
cholesterol metabolism (Xiyang et al., 2020).

Faced with variations in lipid composition, what is the most
appropriate destination for processing fish? According to the
variation in proximate composition, they demand specific forms
of processing and preparation, allowing the exploration of new
market niches (Valladdo et al., 2018). The fish processing of
fatter cuts requires greater cleaning of the carcass with removal
of excess residual fat, such as deboned, filet mignon, and loin
cuts (Cavali et al., 2022b). These cuts will be better in the
preparation of baked cookies portions (Lanzarin et al., 2017),
although lean commercial cuts, such as pirarucu loin, generate
lower waste in industry and are recommended for higher moist
dishes, such as moqueca and Amazonian stews or even grilled in
the lighter (lower caloric) food option.

In addition, the pirarucu, as well as other animals, tends to
deposit higher collagen and fat than protein with age, altering
the amino acid and lipid profile, depositing higher support tissue
than nutrition. Moreover, fat tends to saturate with advancing
age. Furthermore, there is a reduction in protein metabolism in
contrast to an increase in energy metabolism (Moyes, 2010).

Currently, there is a market tendency to prefer younger fish,
that is, the consumer market has preferred lighter fish. Dantas
Filho et al. (2022), and Cavali et al. (2022a; 2022c; 2022d)
found, in an attempt to verify the nutritional values of fish that
are lighter than what is commonly commercialized, in order to
reduce production costs by shortening/reducing the fattening
period, that it is not necessary to complete the entire conventional
production cycle. For example, pirarucu of 11.1 kg already meets
the demand for nutritional values of the consumer market.

CONCLUSION

The lipid composition in different weight classes of pirarucu
(4. gigas) loin expressed essential fatty acids, including
EPA, DHA, AA, and ALA, related to a lower propensity for
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cardiovascular diseases. Weight classes 4 (14.1 to 18 kg) and
5 (18.1 to 23 kg) showed the highest percentages of PUFAs.
However, all weight classes expressed high values of omegas
3, 6, 7, and 9. The omega 6/omega 3, UFAs/SFAs, PUFAs/
SFAs, Al, TI, and h/H indices indicated that weight classes of
the pirarucu loin have lipid quality, except for omega 6/omega 3.
Only weight class 3 (11.1 to 14 kg) showed quality for this index.

There is no market need to heavier fish, as pirarucu loin in
lighter weight classes 3 and 4 already meet the nutritional demand
of the market. Therefore, nutritional information is important
for conservation and the processes, development of products on
the market, in addition to guiding the way of preparation, thus

providing commercial security for different market niches.

ETHICAL APPROVAL

Ceua protocol number 012/20121 — Universidade Federal
de Rondoénia; Project “Biosseguranca, sanidade e qualidade

nutricional do pescado”.

CONFLICT OF INTERESTS

Nothing to declare.

DATA AVAILABILITY STATEMENT

Data will be available upon request.

AUTHORS’ CONTRIBUTIONS

Conceptualization: Rocha ASCM; Rosa BL; Pontuschka
RB; Dantas Filho JV; Cavali J; Formal Analysis: Rocha ASCM;
Baldi SCV; Souza MLR; Software: Rosa BL; Pontuschka RB;
Dantas Filho JV; Data curation: Rocha ASCM; Rosa BL;
Pontuschka RB; Dantas Filho JV; Supervision: Silva ECS;
Cavali J; Writing — original draft: Rocha ASCM; Dantas Filho
JV; Cavali J; Writing — review & edition: Rocha ASCM; Baldi
SCV; Souza MLR; Dantas Filho JV; Cavali J; Final approval:
Dantas Filho JV.

FUNDING

Conselho Nacional de Desenvolvimento Cientifico e Tecnologico

Fundago Rondonia de Amparo ao Desenvolvimento das A¢des
Cientificas e Tecnologicas e a Pesquisa do Estado de Rondonia

Grant No. 167879/2022-7

Coordenagdo de Aperfeicoamento de Pessoal de Nivel

Superior — Procad/Amazénia.

Bol. Inst. Pesca, 2023, 49: €793 | https://doi.org/10.20950/1678-2305/bip.2023.49.e793

ACKNOWLEDGMENTS

Conselho Nacional de Desenvolvimento Cientifico e

Tecnolégico  through Fundacdo Rondénia de Amparo ao

Desenvolvimento das Acgdes Cientificas e Tecnologicas e a
Pesquisa do Estado de Rondénia, awarded a postdoctoral
scholarship to Jerdnimo Vieira Dantas.

REFERENCES

Antonelo, D.S.; Gémez, JFM.; Goulart, R.S.; Beline, M.;
Consolo, N.R.B.; Corte, R.R.S.; Silva, H.B.; Ferrinho,
AM.; Pereira, A.S.C.; Gerrard, D.E.; Silva, S.L. 2020.
Performance, carcass traits, meat quality and composition
of non-castrated Nellore and crossbred male cattle fed
soybean oil. Livestock Science, 236: 104059. https://doi.
org/10.1016/j.1ivsc1.2020.104059

Arbelaéz-Rojas, G.A.; Fracalossi, D.M.; Fim, J.D.I. 2002. Body
composition of tambaqui, Colossoma macropomum,
and matrinxa, Brycon cephalus, when raised in intensive
(igarapé channel) and semi-intensive (pond) culture
systems. Revista Brasileira de Zootecnia, 31(3): 1059-
1069. https://doi.org/10.1590/S1516-35982002000500001

Associacdo Brasileira da Piscicultura (Peixe BR). 2023.
Anudrio Peixe BR da Piscicultura de 2023. Pinheiros:
Peixe BR, 65 p.

Barik, N.K. 2017. Freshwater fish for nutrition security in India:
Evidence from FAO data. Aquaculture Reports, 7: 1-6.
https://doi.org/10.1016/j.aqrep.2017.04.001

Batalha, O.S.; Alfaia, S.S.; Cruz, F.G.G.; Jesus, R.S.; Rufino,
J.PF.; Guimardes, C.C. 2019. Analise econdmica da
farinha de silagem &acida de residuos de pirarucu em
racdes de poedeiras comerciais leves. Revista em
Agronegocio e Meio Ambiente, 12(2): 363-375. https://doi.
org/10.17765/2176-9168.2019v12n2p363-375

Benjamin, S.; Spener, F. 2009. Conjugated linoleic acids as
functional food: an insight into their health benefits.
Nutrition and Metabolism, 6(1): 36. https://doi.
org/10.1186/1743-7075-6-36

Bligh, E.G.; Dyer, W.J. 1959. A rapid method of total lipid
extraction and purification. Canadian Journal Biochemistry
Physiology, 37(8): 911-917. https://doi.org/10.1139/059-099

Brum, A.A.S.; Arruda, L.F.; Regitano-D’Arce, M.A.P. 2009.
Extraction methods and quality of the lipid fraction of

vegetable and animal samples. Quimica Nova, 32(4): 849-
854. https://doi.org/10.1590/S0100-40422009000400005

Cantonilho, M.M.; Jesus, R.S. 2011. Frozen cut quality of
tambaqui reared in fish farms. Pesquisa Agropecudria
Brasileira, 46(4): 344-350. https://doi.org/10.1590/
S0100-204X2011000400002

9/12


https://doi.org/10.20950/1678-2305/bip.2023.49.e793
https://doi.org/10.1016/j.livsci.2020.104059
https://doi.org/10.1016/j.livsci.2020.104059
https://doi.org/10.1590/S1516-35982002000500001
https://doi.org/10.1016/j.aqrep.2017.04.001
https://doi.org/10.17765/2176-9168.2019v12n2p363-375
https://doi.org/10.17765/2176-9168.2019v12n2p363-375
https://doi.org/10.1186/1743-7075-6-36
https://doi.org/10.1186/1743-7075-6-36
https://doi.org/10.1139/o59-099
https://doi.org/10.1590/S0100-40422009000400005
https://doi.org/10.1590/S0100-204X2011000400002
https://doi.org/10.1590/S0100-204X2011000400002

Proximate composition, energy value, and lipid quality in loin in different weight classes of pirarucu (Arapaima gigas) from fish farming

Cavali, J.; Dantas-Filho, J.V.; Nunes, C.T.; Ferreira, E.;
Pontuschka, R.B.; Zanella, R.; Souza, M.L.R. 2022a. Fatty
acid profile, omegas and lipid quality in commercial cuts
of pirarucu (Arapaima gigas Schinz, 1822) cultivated
in excavated tanks. Acta Scientiarum. Animal Science,
45(1):  e61186. https://doi.org/10.4025/actascianimsci.
v45i1.61186

Cavali, J.; Francisco, R.S.; Dantas Filho, J.V.; Pontuschka, R.B.;
Silva, T.L.; Amaral, R.V.A. 2022b. Mineral composition,
omegas and lipid quality in the visceral fat residues of
tambaqui (Colossoma macropomum Cuvier, 1818). Acta
Veterinaria Brasilica, 16(3): 251-261. Available at https://
periodicos.ufersa.edu.br/acta/article/view/10790 Acessed
on: July 19, 2023.

Cavali, J.; Francisco, R.S.; Dantas Filho, J.V.; Pontuschka, R.B.;
Silva, T.L.; Amaral, R.V.A. 2022c. Proximal composition,
fatty acid profile, omegas and lipid quality in the tambaqui
(Colossoma macropomum Cuvier, 1818) (Serrasalmidae)
in “flatted cut”. Acta Veterinaria Brasilica, 16(3): 262-272.
Available at https://periodicos.ufersa.edu.br/acta/article/
view/10821 Acessed on: July 11, 2023.

Cavali, J.; Marmentini, R.P.; Dantas Filho, J.V.; Pontuschka,
R.B.; Schons, S.V. 2022b. Fatty acid profile, omegas, and
lipid quality in commercial cuts of tambaqui (Colossoma
macropomum Cuvier, 1818) cultivated in excavated
tanks. Boletim do Instituto de Pesca, 48: ¢700. https://doi.
org/10.20950/1678-2305/bip.2022.48.e700

Cavali, J.; Nobrega, B.A.; Dantas Filho, J.V,; Ferreira, E.; Porto,
M.O.; Freitas, R.T.F. 2023. Morphometric evaluations and
yields of commecial cutsof pirarucu (4rapaima gigas) in
different weight classes. Revista Brasileira de Ciéncias
Agrarias, 18(1): el621. https://doi.org/10.5039/agraria.
vi8ilal621

Cavali, J.; Nunes, C.T.; Dantas Filho, J.V.; Nobrega, B.A.;
Pontuschka, R.B.; Souza, M.L.R.; Porto, M.O. 2021.
Chemical composition of commercial cuts of pirarucu
(Arapaima gigas) processed in different weight classes in
the Western Amazon. Revista Ibero-Americana de Ciéncias
Ambientais, 12(4): 616-626. https://doi.org/10.6008/
CBPC2179-6858.2021.004.0048

Chaijan, M.; Jongjareonrak, A.; Phatcharat, S.; Benjakul,
S.; Rawdkuen S. 2010. Chemical compositions and
characteristics of farm raised giant catfish (Pangasianodon
gigas) muscle. LWT - Food Science and Technology, 43(3):
452-457. https://doi.org/10.1016/j.1wt.2009.09.012

Cook, K.K. 2012. Extension of dry ash atomic absorption and
spectrophotometric methods to determination of minerals
and phosphorus in soy-based, whey based and enteral
formula e (Modification of AOAC Official Methods 985.35
and 986.24)/Colaborative study. Washington, D.C.: U.S.
Food and Dry Administration, Office of Food Lobeling,
Division of Science and Applied Technology.

Bol. Inst. Pesca, 2023, 49: €793 | https://doi.org/10.20950/1678-2305/bip.2023.49.e793

Cortegano, C.A.A.; Godoy, L.C.; Petenuci, M.E.; Visentainer,
J.V.; Affonso, E.G.; Gongalves, L.U. 2017. Nutritional
and lipid profiles of the dorsal and ventral muscles of wild
pirarucu. Pesquisa Agropecuaria Brasileira, 52(4): 271-
276. https://doi.org/10.1590/S0100-204X2017000400007

Costa, R.S.; Santos, O.V.; Rodrigues, A.M.C.; Costa, RM.R.;
Converti, A.; Silva Junior, J.O.C. 2020. Functional product
enriched with the microencapsulated extract of cupuassu
(Theobroma grandiflorum Schum.) seed by-product.
Food Science and Technology, 40(3): 543-550. https://doi.
org/10.1590/fst. 11319

Cruz, C.D. 2013. Genes: a software package for analysis in
experimental statistics and quantitative genetics. Acta
Scientiarum. Agronomy, 35(3): 271-276. https:/doi.
org/10.4025/actasciagron.v35i3.21251

Dantas Filho, J.V.; Cavali, J.; Nunes, C.T.; Nobrega, B.A
Gasparini, L.R.F; Souza, M.L.R.; Porto, M.O.; Rosa,
B.L.; Gasparotto, P.H.G.; Pontuschka, R.B. 2021. Proximal
composition, caloric value and price-nutrients correlation of
comercial cuts of tambaqui (Colossoma macropomum) and
pirarucu (Arapaima gigas) in diferente body weight classes
(Amazon: Brazil). Research, Society and Development, 10(1):
€23510111698. https://doi.org/10.33448/rsd-v10i1.11698

Dantas Filho, J.V.; Pontuschka, R.B.; Rosa, B.L.; Gasparotto,
P.H.G.; Marmentini, R.P.; Cavali, J. 2022. Mineral
composition in commercial cuts of Colossoma
macropomum (Cuvier, 1818) and Arapaima gigas (Schinz,
1822) in ideal weight class for commercialization.
Acta Veterinaria Brasilica, 16(2): 172-179. https://doi.
org/10.21708/avb.2022.16.2.10851

Detmann, E.; Silva, L.F.C.; Rocha, G.C.; Palma, M.N.N.;
Rodrigues, J.P.P. 2012. Métodos para andlise de alimentos.
Visconde do Rio Branco: Suprema, 214 p.

Doria, C.R.C.; Agudelo E.; Akama, A.; Barros, B.; Bonfim, M.;
Carneiro, L.; Briglia-Ferreira, S.R.; Nobre Carvalho, L.;
Bonilla-Castillo, C.A.; Charvet, P.; dos Santos Cataneo,
D.T.B.; da Silva, H.P.; Garcia-Davila, C.R.; dos Anjos,
H.D.B.; Duponchelle, F.; Encalada, A.; Fernandes, I.;
Florentino, A.C.; Guarido, P.C.P.; de Oliveira Guedes,
T.L.; Jimenez-Segura, L.; Lasso-Alcala, O.M.; Macean,
M.R.; Marques, E.E.; Mendes-Junior, R.N.G.; Miranda-
Chumacero, G.; Nunes, J.L.S.; Occhi, T.V.T.; Pereira, L.S.;
Castro-Pulido, W.; Soares, L.; Sousa, R.G.C.; Torrente-
Vilara, G.; Van Damme, P.A.; Zuanon, J.; Vitule, J.R.S.
2021. The Silent Threat of Non-native Fish in the Amazon:
ANNF Database and Review. Frontiers in Ecology and
Evolution, 9. https://doi.org/10.3389/fev0.2021.646702

Duarte, F.O.S.; Paula, F.G.; Prado, C.S.; Santos, R.R.; Rezende,
C.S.M.; Gebara, C.; Lage, M.E. 2020. Better fatty acids
profile in fillets of Nile Tilapia (Oreochromis niloticus)
supplemented with fish oil. Aquaculture, 534, 736241.
https://doi.org/10.1016/j.aquaculture.2020.736241

10/12


https://doi.org/10.20950/1678-2305/bip.2023.49.e793
https://doi.org/10.4025/actascianimsci.v45i1.61186
https://doi.org/10.4025/actascianimsci.v45i1.61186
 https://periodicos.ufersa.edu.br/acta/article/view/10790
 https://periodicos.ufersa.edu.br/acta/article/view/10790
https://periodicos.ufersa.edu.br/acta/article/view/10821
https://periodicos.ufersa.edu.br/acta/article/view/10821
https://doi.org/10.20950/1678-2305/bip.2022.48.e700
https://doi.org/10.20950/1678-2305/bip.2022.48.e700
https://doi.org/10.5039/agraria.v18i1a1621
https://doi.org/10.5039/agraria.v18i1a1621
https://doi.org/10.6008/CBPC2179-6858.2021.004.0048
https://doi.org/10.6008/CBPC2179-6858.2021.004.0048
https://doi.org/10.1016/j.lwt.2009.09.012
https://doi.org/10.1590/S0100-204X2017000400007
https://doi.org/10.1590/fst.11319
https://doi.org/10.1590/fst.11319
https://doi.org/10.4025/actasciagron.v35i3.21251
https://doi.org/10.4025/actasciagron.v35i3.21251
https://doi.org/10.33448/rsd-v10i1.11698
https://doi.org/10.21708/avb.2022.16.2.10851
https://doi.org/10.21708/avb.2022.16.2.10851
https://doi.org/10.3389/fevo.2021.646702
https://doi.org/10.1016/j.aquaculture.2020.736241

Rocha ASCM, Baldi SCV, Souza MLR, Rosa BL, Silva ECS, Pontuschka RB, Dantas Filho JV, Cavali J

Franco, L.L.K.; Noleto, S.S.; Santos, V.R.V.; Bem, L.D.; Kirschnik,
P.G. 2018. Yield and proximal composition of tambaqui
(Colossoma macropomum) by different neck categories. Revista
Brasileira de Higiene e Sanidade Animal, 12(2): 223-235.

Frigolet, M.E.; Gutiérrez-Anguilar, R. 2017. The role of the novel
lipokine palmitoleic acid in health and disease. Advances
in Nutrition, 8(1): 173S-1818S. https://doi.org/10.3945/
an.115.011130

Gomes, A.D.; Tolussi, C.E.; Boéchat, 1.G.; Pompeo, L.M.L.;
Cortez, M.P.T.; Honji, R.M.; Moreira, R.G. 2016. Fatty
acid composition of tropical fish depends on reservoir
trophic status and fish feeding habit. Lipids, 51(10): 1193-
1206. https://doi.org/10.1007/s11745-016-4196-z

Gotardi, D.G. 2023. Qualidade da dgua, perfil socioeconémico
e caracterizag¢do sanitdria de pisciculturas familiares no
interior de Rondonia [Dissertagdo de Mestrado]. Rolim
de Moura: Programa de Poés-Graduagdo em Ciéncias
Ambientais, Universidade Federal de Rondonia, 69 p.

Grundy, S.M.; Denke, M.A. 1990. Dietary influences on serum lipids
and lipoproteins. Journal Lipid Research, 31(7): 1149-1172.

Harris, W.S.; Mozaffarian, D.; Lefevre, M.; Tones, C.D.;
Colombo, J.; Cunnane, S.C.; Holden, J.M.; Klurfeld, D.M.;
Morris, M.C.; Whelan, J. 2009. Towards establishing
dietary reference intakes for eicosapentaenoic and
docosahexaenoic acids. Journal of Nutrition, 139(4): 804-
819. https://doi.org/10.3945/jn.108.101329

Hautrive, T.P.; Marques, A.C.; Kubota, E.H. 2012. Proximal
composition of ostrich meat. Food and Nutrition Journal,
23(2): 327-334.

He, K. 2009. Fish, Long-Chain Omega-3 Polyunsaturated Fatty Acids
and Prevention of Cardiovascular Disease—FEat Fish or Take

Fish Oil Supplement? Progress in Cardiovascular Diseases,
52(2): 95-114. https://doi.org/10.1016/j.pcad.2009.06.003

Helenius, L.; Budge, S.M.; Nadeau, H.; Johnson, C.L. 2020. Ambient
temperature and algal prey type affect essential fatty acid
incorporation and trophic upgrading in a herbivorous marine
copepod. Philosophical Transactions of the Royal Society B,
375(1804): 20200039. https://doi.org/10.1098/rstb.2020.0039

International Organization for Standardization (ISO). 1978.
Animal and Vegetable Fats and Oils — Preparation of
Methyl Esters of Fatty Acids. ISO 5509, 6 p.

Jankowska, B.; Zakes, Z.; Zmijewski, T.; Szczepkowski, M. 2010.
Fatty acid profile of muscles, liver and mesenteric fat in wild
and reared perch (Percafluviatilis L.). Food Chemistry, 118(3):
764-768. https://doi.org/10.1016/j.foodchem.2009.05.055

Justi, K.C.; Padre, R.G.; Hayashi, C.; Soares, C.M.; Visentainer,
J.V.;Souza,N.N.; Matsushita, M. 2005. Efeito datemperatura
da agua sobre desempenho e perfil de acidos graxos de
tilapia do Nilo graxos de tilapia do Nilo (Oreochromis
niloticus). Acta Scientiarum. Animal Sciences, 27(4): 529-
534. https://doi.org/10.4025/actascianimsci.v27i4.1184

Bol. Inst. Pesca, 2023, 49: €793 | https://doi.org/10.20950/1678-2305/bip.2023.49.e793

Kratz, M.; Marcovina, S.; Nelson, J.E.; Yeh, M.M.; Kowdley,
K.V.; Callahan, H.S.; Utzschneider, K. M. 2014. Dairy fat
intake is associated with glucose tolerance, hepatic and
systemic insulin sensitivity, and liver fat but not B-cell
function in humans. The American Journal of Clinical
Nutrition, 99(6): 1385-1396. https://doi.org/10.3945/
ajen.113.075457

Lanzarin, M.; Riiter, D.O.; Almeida Filho, E.S.; Marsico,
E.T.; Freitas, M.Q. 2017. Proximate composition and
acceptance test and buy intention of amazonian pintado
(Pseudoplatystoma fasciatum X Leiarius marmoratus)
and piaugu (Leporinus macrocephalus). Brazilian
Journal of Veterinary Science, 24(3): 162-166. https://doi.
org/10.4322/rbcv.2017.031

Leite, A.; Rodrigues, S.; Pereira, E.; Paulos, K.; Oliveira,
A.F.; Lorenzo, J.M.; Teixeira, A. 2015. Physicochemical
properties, fatty acid profile and sensory characteristics of
sheep and goat meat sausages manufactured with different
pork fat levels. Meat Science, 105: 114-120. https://doi.
org/10.1016/j.meatsci.2015.03.015

Mahan, K.L.; Escott-Stump, S.K. 2018. Food, Nutrition and
Diet Therapy. 14. ed. Sdo Paulo: Roca.

Martino, R.C.; Cyrino, J.E.; Portz, L.; Trugo, L.C. 2002.
Performance and fatty acid composition of surubim
(Pseudoplatystoma coruscans) fed diets with animal and
plant lipids. Aquaculture, 209(1-4): 233-246. https://doi.
org/10.1016/S0044-8486(01)00847-X

Martins, M.G.; Martins, D.E.G.; Pena, R.S. 2017. Chemical
composition of different muscle zones in pirarucu
(Arapaima gigas). Brazilian Journal of Food Technology,
37(4):651-656.Availableat: https://www.scielo.br/j/cta/a/
W3FCW7CSF8YRQ3xcztTZW4w/?format=pdf&lang
=en#:~:text=The%20dorsal%2C%20ventral%20
and%?20tail,(0.9%2D1.2%25)%20contents. Acessed on
01 nov, 2022.

Martins, W.S.; Oetterer, M. 2011. Correlation between the
nutritional value and the price of eight species of fish
marketed in the state of Sao Paulo. Boletim do Instituto de
Pesca, 36(4): 277-282.

M’barek, K.B.; Ajjaji, D.; Chorlay, A.; Vanni, S.; Forét, L.;
Thiam, A.R. 2017. ER Membrane Phospholipids and
Surface Tension Control Cellular Lipid Droplet Formation.
Developmental Cell, 41(6): 591-604.e7. https://doi.
org/10.1016/j.devcel.2017.05.012

Moyes, C.D. 2010. Principios de fisiologia animal. Porto Alegre:
Artmed, 733 p.

Ng, WK.; Lim, P.-K.; Boey, P.-L. 2003. Dietary lipid and palm oil
source affects growth, fatty acid composition and muscle
a-tocopherol concentration of African catfish, Clarias
gariepinus. Aquaculture, 215(1-4): 229-243. https://doi.
org/10.1016/S0044-8486(02)00067-4

11/12


https://doi.org/10.20950/1678-2305/bip.2023.49.e793
https://doi.org/10.3945/an.115.011130
https://doi.org/10.3945/an.115.011130
https://doi.org/10.1007/s11745-016-4196-z
https://doi.org/10.3945/jn.108.101329
https://doi.org/10.1016/j.pcad.2009.06.003
https://doi.org/10.1098/rstb.2020.0039
https://doi.org/10.1016/j.foodchem.2009.05.055
https://doi.org/10.4025/actascianimsci.v27i4.1184
https://doi.org/10.3945/ajcn.113.075457
https://doi.org/10.3945/ajcn.113.075457
https://doi.org/10.4322/rbcv.2017.031
https://doi.org/10.4322/rbcv.2017.031
https://doi.org/10.1016/j.meatsci.2015.03.015
https://doi.org/10.1016/j.meatsci.2015.03.015
https://doi.org/10.1016/S0044-8486(01)00847-X
https://doi.org/10.1016/S0044-8486(01)00847-X
https://www.scielo.br/j/cta/a/W3FCW7CSF8YRQ3xcztTZW4w/?format=pdf&lang=en#:~:text=The%20dorsal%2C%20
https://www.scielo.br/j/cta/a/W3FCW7CSF8YRQ3xcztTZW4w/?format=pdf&lang=en#:~:text=The%20dorsal%2C%20
https://www.scielo.br/j/cta/a/W3FCW7CSF8YRQ3xcztTZW4w/?format=pdf&lang=en#:~:text=The%20dorsal%2C%20
https://www.scielo.br/j/cta/a/W3FCW7CSF8YRQ3xcztTZW4w/?format=pdf&lang=en#:~:text=The%20dorsal%2C%20
https://doi.org/10.1016/j.devcel.2017.05.012
https://doi.org/10.1016/j.devcel.2017.05.012
https://doi.org/10.1016/S0044-8486(02)00067-4
https://doi.org/10.1016/S0044-8486(02)00067-4

Proximate composition, energy value, and lipid quality in loin in different weight classes of pirarucu (Arapaima gigas) from fish farming

Nunes, E.S.C.L.; Franco, R.M.; Marsico, E.T.; Nogueira, E.B.;
Neves, M.S.; Silva, F.E.R. 2012. Presence of bacteria that
indicate hygienic-sanitary conditions and pathogens in
Pirarucu (4Arapaima gigas Schinz, 1822) dry salty sold in
supermarkets and public fairs in the city of Belém, Para.
Brazilian Journal of Veterinary Science, 19(2): 98-103.

Oliveira, PR.; Jesus, R.S.; Batista, G.M.; Lessi, E. 2014.
Sensorial,  physicochemical = and  microbiological
assessment of pirarucu (Arapaima gigas, Schinz 1822)
during ice storage. Brazilian Journal of Food Technology,
17(1): 67-74. https://doi.org/10.1590/bjft.2014.010

Orban, E.; Nevigato, T.; Lena, G.D.; Masci, M.; Casini, I.; Gambelli,
L.; Caproni, R. 2008. New trends in the seafood market. Sutchi
catfish (Pangasius hypophthalmus) fillets from Vietnam:
Nutritional quality and safety aspects. Food Chemistry, 110(2):
383-389. https://doi.org/10.1016/j.foodchem.2008.02.014

Passos, M.E.P.; Alves, HH.O.; Momesso, C.M.; Faria, F.G.;
Murata, G.; Cury-Boaventura, M.F.; Gorjdo R. 2016.
Differential effects of palmitoleic acid onhuman lymphocyte
proliferation and function. Lipids in Health and Disease,
15: 217. https://doi.org/10.1186/s12944-016-0385-2

Rocha, A.S.C.M. 2022. Pardmetros bioquimicos, hematologicos
e qualidade da carne de pirarucus submetidos a
diferentes métodos de insensibiliza¢do pré-abate [Tese
de Doutorado]. Rio Branco: Programa de Pds-Graduacao
em Sanidade e Producdo Animal Sustentavel na Amazonia
Ocidental, Universidade Federal do Acre, 116 p.

Rodrigues, B.L.; Cantos, A.C.V.C.S.; Costa, M.P.; Silva, F.A;
Marsico, E.T.; Conte Junior, C.A. 2017. Fatty acid profiles
of five farmed Brazilian freshwater fish species from
different families. PLoS One, 12(6): e0178898. https://doi.
org/10.1371/journal.pone.0178898

Rodrigues, B.L.; Monteiro, M.L.G.; Canto, A.C.V.C.S.; Costa, M.P,;
Conte Junior, C.A. 2020. Proximate composition, fatty acids
and nutritional indices of promising freshwater fish species
from Serrasalmidae family. CyTA - Journal of Food, 18(1):
591-598. https://doi.org/10.1080/19476337.2020.1804463

Santos, A.M.P.; Lima, J.S.; Santos, L.F.; Silva, E.F.R.; Santana,
F.A.; Aratjo, D.G.G.; Santos, L.O. 2019. Mineral and
centesimal composition evaluation of conventional and
organic cultivars sweet potato ([pomoea batatas (L.) Lam)
using chemometric tools. Food Chemistry, 273: 166-171.
https://doi.org/10.1016/j.foodchem.2017.12.063

Santos-Silva, J.; Bessa, R.J.B.; Santos-Silva, F. 2002. Effect
of genotype, feeding system and slaughter weight on the
quality of light lambs. II. Fatty acid composition of meat.
Livestock Production Science, 77(2-3): 187-194. https://
doi.org/10.1016/S0301-6226(02)00059-3

Silva, S.M.; Ramirez, J.R.B.; Silva, S.M.; Dantas-Filho, J.V.;
Marmentini, R.P.; Schons, S.V.; Cavali, J. 2022. Quality

assessment of amazonian fish from fish farming stored on
ice. Acta Veterinaria Brasilica, 16(2): 134-140. Available

Bol. Inst. Pesca, 2023, 49: €793 | https://doi.org/10.20950/1678-2305/bip.2023.49.e793

at https://periodicos.ufersa.edu.br/acta/article/view/10492
Acessed on: August 23, 2023.

Siqueira, K.B.; Nunes, R.M.; Borges, C.A.V.; Pilati, A.F,;
Marcelino, G.W.; Gama, M.A.S.; Silva, P. H. F. 2018. Cost-
benefit ratio of the nutrients of the food consumed in Brazil.
Journal of Science and Collective Health,25(3): 1129-1135.
https://doi.org/10.1590/1413-81232020253.11972018

Souza, C.O.; Teixeira, A.A.; Biondo, L.A.; Silveira, L.S.; Calder,
P.C.; Rosa Neto, J.C. 2017. Palmitoleic acid reduces
the inflammation in LPS-stimulated macrophages by
inhibition of NFxB, independently of PPARs. Clinical and
Experimental Pharmacology and Physiology, 44(5): 566-
575. https://doi.org/10.1111/1440-1681.12736

Tanamati, A.; Stevanato, F.B.; Visentainer, J.E.L.; Matsushita,
M.; Souza, N.E.; Visentainer, J.V. 2009. Fatty acid
composition in wild and cultivated pacu and pintado
fish. European Journal of Lipid Science and Technology,
111(2): 183-187. https://doi.org/10.1002/ej1t.200800103

Ulbricht, T.L.V.; Southgate, D.A.T. 1991. Coronary heart disease:
seven dietary factors. Lancet, 338(8773): 985-992. https://
doi.org/10.1016/0140-6736(91)91846-m

Valladdo, G.M.R.; Gallani, S.U.; Pilarski, F. 2018. South American
fish for continental aquaculture. Reviews in Aquaculture,
10(2): 351-369. https://doi.org/10.1111/raq.12164

Vieira, E.O.; Venturoso, O.J.; Reinicke, F.; Silva, C.C.; Porto, M.O.;
Cavali,].; Vieira,N.T.; Ferreira, E.2015.Production, conservation
and health assessment of acid silage vicera of freshwater fishas a
component of animal feed. International Journal of Agriculture
and Forestry, 5(3): 177-181. https;//doi.org/10.5923/j.
1jaf.20150503.0  Available at  https:/dIwqtxtsIxzle7.
cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.
pdf?1630375962=&response-content-disposition=inline%
3B+filename%3DProduction_Conservation_and Health
Asses.pdf&Expires=1703117542& Signature=NAOt6w2N
pa2wZoc3pYG1YN4RvjwSF3ywJ4BSnUnpujji~TSGUL
3SXvaBs-FFsn7794LqtKp3YIOx-ppVX5CZMo065YZNS
YbG3gNhicEKUfa5z0UztOMpeokofXfooC54wbDOy-nll
MI9yCe54T1KY97bUUx5YqDKrCrEzZZ0M3ljkvYFjhK
CENKja7Fe2XUpTd8sAHPpRkUfyzgjz~LB3QkYzvhby-
ZKuGkqyrxPywtSXYUJYEM4HaCdx0xXHM-2pycEbs1QR
R3HKZ7ixcpPZtQm80suCActfgTNYr12g87tQDzR0OCj270D
8GjfKPhImSGinuWs3iMXKnQGvx8vXyxA &Key-Pair-
[d=APKAJLOHF5GGSLRBV4ZA Acessed on: August 02,
2023.

Watanabe, Y.; Tatsuno, I. 2019. Prevention of Cardiovascular Events
with Omega-3 Polyunsaturated Fatty Acids and the Mechanism
Involved. Journal of Atherosclerosis and Thrombosis, 27(3):
183-198. https://doi.org/10.5551/jat.50658

Xiyang, Z.; Xi, N.; Xiaoxiao, H.; Xian, S.; Xinjian, Y.; Yuanxiong,
C.; Ri-Qing, Y.; Yuping W. 2020. Fatty acid composition
analyses of commercially important fish species from the
Pearl River Estuary, China. PLoS One, 15(1): €¢0228276.
https://doi.org/10.1371/journal.pone.0228276

12/12


https://doi.org/10.20950/1678-2305/bip.2023.49.e793
https://doi.org/10.1590/bjft.2014.010
https://doi.org/10.1016/j.foodchem.2008.02.014
https://doi.org/10.1186/s12944-016-0385-2
https://doi.org/10.1371/journal.pone.0178898
https://doi.org/10.1371/journal.pone.0178898
https://doi.org/10.1080/19476337.2020.1804463
https://doi.org/10.1016/j.foodchem.2017.12.063
https://doi.org/10.1016/S0301-6226(02)00059-3
https://doi.org/10.1016/S0301-6226(02)00059-3
https://periodicos.ufersa.edu.br/acta/article/view/10492
https://doi.org/10.1590/1413-81232020253.11972018
https://doi.org/10.1111/1440-1681.12736
https://doi.org/10.1002/ejlt.200800103
https://doi.org/10.1016/0140-6736(91)91846-m
https://doi.org/10.1016/0140-6736(91)91846-m
https://doi.org/10.1111/raq.12164
http://https;//doi.org/10.5923/j.ijaf.20150503.0
http://https;//doi.org/10.5923/j.ijaf.20150503.0
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://d1wqtxts1xzle7.cloudfront.net/68956725/10.5923.j.ijaf.20150503.01-libre.pdf?1630375962=&resp
https://doi.org/10.5551/jat.50658
https://doi.org/10.1371/journal.pone.0228276

