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1 Introduction
The cobia (Rachycentron canadum) is a large, migratory 

coastal pelagic fish of worldwide distribution in tropical and 
subtropical seas (Miao et al., 2009). The species is an excellent 
option for commercial development and growing, due to its 
high performance in aquaculture in the Gulf of Mexico, in the 
Southeast coast of the USA, in the Caribbean and in the Atlantic 
Coast of South America, particularly Brazil (Benetti et al., 2011).

Cobia farming has aroused considerable interest of both the 
scientific community and the Brazilian private sector and public 
fostering institutions (Paraná, 2008). Commercial farming of 
cobia began in Taiwan, in the 1990s, and it is now considered 
an emerging species in the world aquaculture scenery. Efforts 
were made in this regard at the bay Baía de Ilha Grande, Rio de 
Janeiro, Brazil, with the purpose of assessing the performance 
of the referred species in this environment. The experience on 
the state of Rio de Janeiro is still incipient, but with encouraging 
experimental results related to the growth of the species, showing 
a great potential for the development of cobia in this region 
(Rombenso et al., 2009; Sampaio et al., 2010).

At the same time, researchers from other Brazilian states are 
encouraging the consumption of cobia through gastronomy, in 
a research titled “Estudo prospectivo sobre o mercado nacional 
do Beijupirá” (Prospective study on the national market for 
cobia). The “Instituto de Ciências do Mar” (Institute of Sea 
Sciences) of Universidade Federal do Ceará (Labomar), in 

partnership with the Ministry of Fishery and Aquaculture 
(MPA) conducted gastronomy workshops with dishes based 
on cobia (Madri, 2011). “Caiçaras”, a region fishing community, 
considered fish as a fundamental element for their diet. As a 
group in which refrigerated conservation technology is unknown 
until recently, the adoption of smoking and salting meat and 
fish was inevitable (Maranhão, 2016).

Salting is one of the most common forms of fish preservation. 
Its preservative action is characterized by partial removal of water 
content and increased salt concentration on the end product 
(reduction of water activity). To be effective, the salting process 
should not be considered only a way to prevent product loss, but 
as a primary method of preservation (Mouchrek et al., 2002).

Nevertheless, consumption of this fish is not very widespread 
in Brazil because the species has little importance in fishing. Thus, 
the technology processing applied to the meat can contribute 
to the popularization of the product. Combining the increased 
search for traditionally salted fish of the Costa Verde region and 
the interest of producers in learning this technology to enter 
this market, the study of the salting process of meat from cobia 
obtained in aquaculture is one way to preserve and market the 
fish by producers of the species in the state of Rio de Janeiro and 
even in Brazil. Therefore, the present study aimed to assess the 
chemical properties of salted cobia meat in order to demonstrate 
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the nutritional and sensory quality of this fish and in the future 
widespread its consumption all over the population.

2 Materials and methods
The experiment was conducted in cultures of cobia 

(Rachycentrum canadum) in net-tanks located in Baía de Ilha 
Grande, Angra dos Reis, Rio de Janeiro, Brazil. Animals with 
market size (3-4 kg) were selected.

The animals caught were transported in insulated boxes with 
ice, according to the commercialization procedures adopted by 
the producer, and taken to the Laboratory of Fish and Shellfish 
and Aquatic Health of Universidade Federal Fluminense, totaling 
6 specimens of cobia.

The brine solution was prepared with drinking water and 
rock and fine salt (1:1), reaching 23 °Be.

The animals were gutted, the heads were cut, the kidneys 
removed and then the whole fish were slightly flattened. The whole 
cobia were then subjected to brine salting for 6 days and during 
this period they were immersed in saturated brine solution 
(brining) at cooling temperature.

Subsequently the product was subjected to analyzes of 
percent composition, chloride content and lipid profile.

The percentage of moisture, crude protein, mineral matter 
(ashes) of the salted product was obtained with the analysis 
methods adopted by the AOAC (Association of Official Analytical 
Chemists, 1990) in triplicate, and then the average of the results 
was obtained. The methodology of Folch et al. (1957) was used, 
also in triplicate, for determining the total lipids, and the averages 
of the results were also obtained.

Carbohydrates (nitrogen-free extract) were calculated by 
fraction “NIFEXT” (Nitrogen Free Extract), and the parameter 
was the difference between 100% of the remaining fractions of 
the percentage composition (Oliveira et al., 1999).

Based on carbohydrate, protein and lipid values, the total 
energy value (TEV) was calculated. Carbohydrates and proteins 
provide 4 kcal/g energy and lipids provide 9 kcal/g (Food and 
Agriculture Organization of the United Nations, 2007).

Lipid profiling was performed by gas chromatography 
according to the methodology of the AOAC (Association of Official 
Analytical Chemists, 2005). The atherogenic and thrombogenic 
indices (AI and TI) (Batista et al., 2017; Sperry et al., 2018).

The chloride content was determined by ion chromatography 
(Dionex, 2015).

3 Results and discussion
The results of percentage composition and total energy 

value for salted cobia meat are shown in Table 1.

Melo et al. (2012), analyzed the percentage composition of 
cobias (Rachycentron canadum) weighing in average 112 g, grown 
in captivity and fed a commercial diet, and obtained 78.38% 
of moisture, 14.23% of crude protein, 2.12% of total lipids and 
1.29% of ashes, results quite different from those obtained in 

the present study. The difference is explained by the fact that 
the referred study used young animals in the analyzes, while 
this study used animals ready for slaughter (with a weight of 
3-4kg), and this fact would explain the large difference in total 
lipid content. Besides, since it is a salty product, the moisture 
content is automatically reduced and the ash content increases, 
as demonstrated by Ekpenyong & Ibok (2012) who compared 
the percentage composition of frozen and salted meat of African 
catfish (Clarias gariepinus) and obtained a significant decrease 
in moisture content and increased ash content.

Analysis of the percentage composition of wild adult cobias 
showed 77.69% of moisture, 17.03% of crude protein, 5.17% of 
total lipids, 0.84% of ashes (Melo et al., 2014), values that are 
still quite different from those obtained in the present study with 
salted products, but showing less divergent results regarding 
crude protein levels and increased fat content.

Analysis of the composition of farmed cobia weighing 
more than 3kg (weight range of this study) obtained 70.82% of 
moisture and 57% of total protein, 41% of total lipids and 3% 
of ashes, for the dry sample, values higher than those obtained 
in the present study except for ashes (Oliveira, 2012).

A comparative study of carcasses of juveniles of Rachycentron 
canadum fed diets containing different levels of fish and soy oil 
for 42 days (Silva et al., 2011) found percentage values similar 
to the levels of crude protein (16.7-21.4) and close to the level 
of ashes (4.6-7.9) of salted cobia meat.

Aiura  et  al. (2008) who worked with brining (saturated 
brine solution) of Nile tilapia fillet obtained a similar percentage 
value for protein (20.1%) prior to product drying and a higher 
percentage of ashes (13.3%).

Santana et al. (2010) subjected cobias to salting using four 
treatments with different salt concentrations; the two mildest 
salting treatments reached levels of moisture (66.41% and 64.67%) 
higher than those of the present study (45.98%).

Freitas et al. (2011) who used wet salting in “pacu” (Piaractus 
mesopotamicus) fillets obtained the following percentage values: 
58.79% for moisture, 16.22% for proteins, 13.12% for lipids and 
19.48% for ashes. The values obtained for proteins and lipids 
were lower than those obtained for salted cobia meat, and higher 
for moisture and ashes. Gomide (2005) who used wet salting 
in “piracanjuba” (Brycon orbignyanus) fillets obtained a similar 
percentage of moisture (47.38%) and higher percentages of crude 
protein (25.30%) and ashes (20.90%).

Table 1. Average results of physical and chemical analyzes of salted 
meat of cobia (Rachycentron canadum) in 100 g.

Nutritional component Results
Moisture 45.98% ± 0.42
Crude protein 20.16% ± 0.007
Crude lipid 19.88% ± 0.45
Mineral matter 8.71% ± 0.07
Nitrogen free extract 5.27% ± 0.8
Total chloride 6.56% ± 10%
Total Energy Value 280 Kcal/g
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Despite the chloride content of less than 7% of salted cobia 
meat, Gonçalves et al. (2014) found a low percentage of chlorides 
in cobia fresh meat (0.84%).

The sodium content of salted cobia was not so significant 
than those obtained in studies involving dried and salted 
fish. Oliveira et al. (2008) obtained 17.02% of chlorides in the 
processing of dried and salted “mandim” (Arius spixii). Using 
wet salting, Freitas et al. (2011) found 24.39% of chlorides in 
salted “pacu” fillets (Piaractus mesopotamicus).

The chloride concentration fin salted cobia meat was low 
because a product kept at room temperature should remain 
longer in brine or else it should be previously dried and subjected 
to another brining until higher chloride levels were obtained. 
Another facilitator of salt penetration is fillet salting.

The lipid profile of salted cobia meat are shown in Table 2.

The lipid profile of fish is usually composed of saturated or 
unsaturated long-chain fatty acids (14-22) carbons (Botta et al., 
1986), which is similar to the range observed in the present study. 
Oliveira et al. (2008) in a study of dried and salted “mandim” 

(Arius spixii) found a wider range of fatty acids with chains 
ranging from 6 to 24 carbons, contrasting with the range obtained 
for cobia. On the other hand, a higher percentage of saturated 
than unsaturated fats and a higher percentage of palmitic acid 
followed by oleic acid, which was also observed in cobia.

The amounts of omega 3 and 6 found in salted cobia meat 
are lower than those found in studies with fresh cobia, probably 
due to lipid oxidation caused by the salting process. Regarding 
the determination of the lipid profile of the samples, Melo et al. 
(2012) quantified the total percentage of omega 3 (10.55%) 
and omega 6 (22.45%) for juvenile cobia in captivity and fed a 
commercial diet, and Melo et al. (2014) determined 40.67% of 
omega 3 and 7.3% of omega 6 in wild adult cobia. According to 
Oliveira (2012) cobia weighing more than 3 kg in aquaculture 
have 140% omega 3 and 300% omega 6 on dry weight basis. 
Although salted “bijupirá” has a lower omega 3 content than 
fresh one, it remains a good source of this fatty acid, as the 
Brazilian population cannot attend the level recommended for 
minimum consumption.

Lauric, myristic and palmitic fatty acids are present in salted 
cobia, and palmitic acid being the most abundant. According 
to Santos et al. (2012), these fatty acids can cause slightly lower 
LDL-c levels and raise the levels of blood HDL-c; thus, the product 
is beneficial for individuals with cardiovascular disorders, e.g. 
those with an inherited form of hypercholesterolemia.

Oleic acid (omega 9) was the second most abundant fatty 
acid in the sample of salty meat, and is the monounsaturated fatty 
acid that most frequently occurs in the diet. This compound is 
very common in functional foods such as olive oil. According to 
Cardoso (2004), this fatty acid lowers LDL levels as intensely as 
polyunsaturated acids, without lowering HDL levels. Furthermore, 
it is less susceptible to oxidation than polyunsaturated acids. This 
implies less risk of cardiovascular diseases and cerebrovascular 
accidents.

The use of formulations rich in monounsaturated lipids, such 
as omega 9, compared to polyunsaturated lipids (omega 3 and 6) 
showed lower inflammatory response and lower production 
of free radicals (Curi et al., 2002). It is widely known that the 
Mediterranean diet is characterized by high consumption of 
oleic acid, and the people who have these dietary habits have 
lower prevalence of obesity, metabolic syndrome, type 2 diabetes 
and cardiovascular events. Products like whole grains, fruits, 
fish and vegetables are part of the diet of the population of the 
region (Lottenberg, 2009).

Fish is the biggest source of omega-3 fatty acids, particularly 
eicosapentaenoic (EPA) and docosaexaenoic (DHA) acids 
(Cardoso, 2004). Salted cobia showed a very low percentage of 
these fatty acids, probably because it is a breeding animal fed by 
feed and lipid oxidation during the salting process.

Present in small levels in cobia, omega 6 (linoleic acid) 
can help lowering blood LDL levels. However, it should not 
be consumed excessively, as it may cause premature cell aging, 
structural abnormalities in membranes, changes in the genetic 
code and formation of hormone compounds that stimulate 
platelet adhesion and aggregation (Cardoso, 2004).

Table 2. Average results for analyzes of the lipid profile of the meat of 
salted cobia (Rachycentron canadum) meat.

Lipids Results
Lauric Acid (C12:0) 0.05%
Myristic Acid (C14:0) 1.25%
Pentadecanoic Acid (C15:0) 0.22%
Palmitic Acid (C16:0) 6.66%
Palmitoleic Acid (C16:1) 1.27%
Margaric Acid (C17:0) 0.20%
Stearic Acid (C18:0) 1.63%
Elaidic Acid (C18:1n9t) 0.02%
Oleic Acid (C18:1n9c) 4.99%
Linoleic Acid (C18:2n6c) 0.71%
LNA Alpha Linolenic Acid (C18:3n3) 0.04%
Arachidic Acid (C20:0) 0.11%
Cis-11-Eicosenoic Acid (C20:1n9) 0.19%
11,14 cis Eicosadienoic Acid (C20:2) 0.02%
8,11,14-Eicosatrienoic Acid (C20:3n6) 0.03%
Behenic Acid (C22:0) 0.04%
Erucic Acid (C22:1n9) 0.05%
5,8,11,14,17 Acid- (EPA C20:5n3) 0.02%
Tricosanoic Acid (C23:0) 0.02%
Lignoceric Acid (C24:0) 0.08%
Nervonic Acid (C24:1n9) 0.09%
Monounsaturated Fat 6.59%
Poly-unsaturated Fat 0.84%
Unsaturated Fats 7.43%
Saturated Fats 10.27%
Trans Fats 0.02%
Omega 3 0.06%
Omega 6 0.73%
Omega 9 5.34%
AI* 1.76
TI** 2.57
*AI: Atherogenic Indices; **TI: Thrombogenic Indices.



Calixto et al.

Food Sci. Technol, Campinas, 40(Suppl. 2): 722-727, December 2020 725/727   725

The Brazilian legislation (Brasil, 1999) does not define 
functional food or functional properties; it only defines the 
claim of functional property as related to the metabolic or 
physiological role that a nutrient or non-nutrient plays on the 
growth, development, maintenance and other normal functions 
of the human body; and the only product likely to be approved 
by ANVISA with functional property claim is omega 3 for fatty 
acids. Nevertheless, other nutrients such as palmitic acid and 
oleic acid could be considered to possess functional properties, 
as they help reduce risk factors for diseases.

However, ANVISA’s resolution provides on Technical 
Regulation of Complementary Nutritional Facts (Brasil, 2012) 
which is any representation that states, suggests or implies that a 
food has particular nutritional properties, especially with regard 
to its energy value and/or to proteins, fats and carbohydrates 
contents as well as to vitamins and minerals contents. Then, 
some foods can be defined as source or high content of omega 
3, 6 and 9 on the labeling depending on the amount of these 
fatty acids present in the product, like salted cobia.

According to Ulbricht & Southgate (1991), the levels of 
atheroma and thrombosis in fish indicate the overall dietary 
quality of lipids and their potential effect on the development 
of coronary diseases. The AI and TI values were in the range of 
1.76 to 2.57, higher than that found in other species by several 
authors (Durmuş, 2019; Turan  et  al., 2011). These rates are 
related to the percentage of lipids present in food and although 
the fish species studied in this work has a significant lipid value 
in its composition, they are good quality lipids, primarily 
polyunsaturated fatty acids, being a good source of omega 9.

Therefore, the recommendation for the intake of polyunsaturated 
fatty acids is more than 10% within the distribution of total 
fatty acids in a normal diet and according to the International 
Society for the Study of Fatty Acids and Lipids (2004) the 
recommended intake of PUFA for healthy adults is 2% of the 
total energy for omega 6 and 0.7% of the total energy for omega 
3 and that the “beijupirá” has a good concentration of them, and 
its consumption is beneficial, even though their IA and IT rates 
are higher than other types of fish. Considering that this species 
has a better fatty acid composition when compared to chicken, 
beef and pork meat, composed mainly of saturated fatty acids 
(Harari et al., 2019) and that the fish oil in general remains an 
excellent strategy for control and reduction of atherogenic factors 
(Souza et al., 2020). All of these features make this fish a good 
nutritional source for preventing atherosclerosis.

In 2012, RDC 54, ANVISA (Brasil, 2012) updated the 
Brazilian Complementary Nutritional Information statement. 
Among the changes of RDC27/99 was the way of declaration of 
protein source foods. Thus, not only protein quantity is taken into 
account, but also the quality of the protein in question, which 
to be considered as an excellent source of protein, must have 
all the essential amino acids in its composition. Considering 
this assumption and that the ordinary Brazilian diet, although 
hyperproteic, is composed of an excess of low quality proteins, 
such as that from sausages and ultra-processed products, the 
“bijupirá” could be an excellent option for the diet to consume 
proteins of high biological value, and could be widespread and 
stimulated overall.

Considering this assumption and knowing that the Brazilian 
diet, although hyperproteic, is composed of an excess of low 
quality proteins, such as that from sausages and ultra-processed 
products, bijupirá enters this scenario as an excellent option for 
the diet. consumption of proteins of high biological value, and 
its consumption should be more widespread and stimulated.

4 Conclusion
Salted cobia meat was found to have a good nutritional 

quality. Besides, it is a source of palmitic and oleic acids that 
help control cardiovascular diseases and cholesterol levels.
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