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Abstract
Target species diversification is essential for fisheries sustainability and fish market 
revitalization. Fish discards are a widely recognized problem resulting from fisher-
ies worldwide, and are of major concern for all sector players, from administrations, 
to fishermen, and scientists. However, non-target species are seldom studied, and 
information on nutritional profiles and seasonal changes in nutritional properties is 
generally lacking. This study assessed the seasonal nutritional composition of two 
unexploited (Serranus cabrilla, Capros aper) and three low commercial value fish spe-
cies (Trachurus picturatus, Spondyliosoma cantharus, and Trigla lyra), captured on the 
Portuguese coast over 1 year. Significant seasonal variations were observed in the nu-
tritional composition of all the species studied. Moisture and ash contents varied from 
70% to 81% and from 5% to 13%, respectively. The maximum fat contents were 5% 
for C. aper and 4% for T. picturatus, allowing to classify all studied fishes as lean. The 
highest protein contents were recorded for C. aper (25%) and S. cantharus (20%). The 
unexploited and low commercial value fish species studied were shown to be good 
fat and protein sources, comparable to commonly consumed species, such as cod and 
salmon, having a great potential to become commonly consumed fish in Portugal.
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1  |  INTRODUC TION

The growing world population is increasing the nutritional de-
mand, causing the overexploitation of food sources such as fish 
(FAO, 2020). Thus, discarded fish species could become new alter-
natives to the consumer's diet, bringing benefits to fishermen as well 
as to companies with the advantage of limiting the environmental 
impact. Fish discards may result in the rejection of nutritionally rich 
seafood, which may have similar contents of bioactive compounds, 
high-quality proteins, fats, and minerals, to those found in commonly 
consumed seafood (Blanco et al., 2018).

Fish discards include low or no commercial value species, by-
catches of fish under minimum conservation reference sizes, non-
quota or exhausted quota fish species, and crushed or damaged 
fish (FAO, 1996). According to the last FAO's update, between 2010 
and 2014, the annual discards from global marine capture fisheries 
were 9.1 million tons, of which 46% were from bottom trawls (Pérez 
Roda et al., 2019). Discarded fish have generally low survival rates 
leading to consequences in marine ecosystems (Guillen et al., 2018). 
Therefore, the valorization of discarded fish is important not only for 
the fishery sector but also for marine systems sustainability. In order 
to avoid and/or reduce fish discards, a landing obligation regulation 
was implemented in 2013 for the European Fisheries (Regulation 
[EU] 1380,  2013), which includes all the species under TAC (total 
allowable catch) regulations.

Low or no commercial value species are commonly used for an-
imal feeding purposes or as raw material for aquaculture feeding. 
However, 12% of the global fish production fall in this category, de-
manding alternative solutions for such species (ICES, 2006). One of 
the approaches to promote the consumption of low or no commer-
cial value species involves the assessment of their nutritional con-
tent, given the growing relevance of this topic to consumers and, 
consequently, to the industry. The main components of fish muscle 
are water, protein, and lipids, being important constituents when de-
termining its nutritional value. Fish protein has high nutritional value, 
because it includes all the essential amino acids (e.g., methionine and 
lysine) and is also highly digestible when compared with terrestrial 
meat proteins (Tilami & Sampels,  2017). Fish is also an important 
source of lipids in the human diet, being rich in polyunsaturated fatty 
acids, such as omega-3, which contribute to the normal function-
ing of the cardiovascular, neural, and immunity systems (Tilami & 
Sampels, 2017). Moisture content is an important measure in food 
products because it is a quality and safety factor in food preserva-
tion (Nielsen, 2010).

The fish species that are more consumed in Europe are 
tuna (Thunnus sp.), Atlantic cod (Gadus morhua, Linnaeus,  1758), 
and Atlantic salmon (Salmo salar, Linnaeus,  1758) (European 
Commission,  2019). The most consumed fish species in Portugal 
are tuna, cod, and hake (Merluccius merluccius, Linnaeus,  1758) 
(Barroso et al., 2020). However, the most caught fish species on the 
Portuguese coast are sardines, mackerel, tuna, and horse mackerel 
(in decreasing order) (INE,  2011–2021). This consumption prefer-
ence is related to a lack of consumer awareness of other fish species, 

or due to the apprehensiveness to purchase and cook unfamiliar fish 
species. Thus, the valorization of unexplored species would be an 
advantage for the country's economy and sustainability. In this con-
text, five fish species with low or no commercial value captured in 
the Portuguese coast were selected in order to study their nutritional 
value (Figure 1). Among the species of low commercial value, blue 
jack mackerel (Trachurus picturatus, Bowdich, 1825), black seabream 
(Spondyliosoma cantharus, Linnaeus, 1758), and piper gurnard (Trigla 
lyra, Linnaeus, 1758) are particularly important for their landings and 
first auction prices (INE,  2011–2021). Regarding the species with-
out commercial value, comber (Serranus cabrilla, Linnaeus, 1758) and 
boarfish (Capros aper, Linnaeus, 1758) are particularly abundant in 
the Portuguese coast (INE, 2011–2021). The rejection of these fish 
species by the consumer is mainly a cultural issue, as they are un-
known by the majority of the population, despite being savory and 
nutritious. There are also other factors adding to the low popularity 
of some of these species, e.g., T. picturatus is often undervalued due 
to its darkened muscle coloration in comparison with Trachurus tra-
churus, and C. aper is a small fish.

Comber and boarfish are among the most important species in 
terms of abundance and discards, being mainly caught as by-catch. 
S.  cabrilla belongs to the Serranidae family and can be found in 
sandy and rocky bottoms at depths up to 500 m in eastern Atlantic 
from the Bay of Biscay to South Africa and the Mediterranean 
(Gordo et al.,  2016). This hermaphroditic species is mainly caught 
as a by-catch in trawls and trammel nets and is discarded at sea or 
grouped in the “diverse” category at Portuguese auctions (Gordo 
et al., 2016; Sequeira et al., 2015). C. aper belongs to the Caproidae 
family and is the only species in its genus (Egerton et al., 2017). It 
is found from Norway to Senegal and also in superficial waters of 
the Mediterranean Sea, but it is more abundant on rocky bottoms 
at the edge of the continental slopes (Sequeira et al., 2015). In gen-
eral, this species is discarded at sea whenever caught. T. picturatus 
belongs to the Carangidae family, is benthopelagic, and is found in 
the East Atlantic seas (including Azores Islands, Madeira, and the 
Canary Archipelagos). Landings on the mainland Portuguese coast, 
although highly variable, reached an average value of ca 3900 tons/
year in the last decade (INE, 2011–2021). In Madeira Archipelago, 
T. picturatus represents about 5% of the total landings, being part 
of the diet of local population and often used as bait for tuna fish 
catch (Vasconcelos et al., 2006). The Sparidae family, which includes 
S.  cantharus, is the most targeted in Portuguese coastal fisheries, 
being caught by several different fishing gears, with mean annual 
landings of 220 tons in the last decade (INE, 2011–2021). S. cantharus 
is distributed in the Mediterranean Sea and eastern Atlantic Ocean 
(including the archipelagos of Madeira, Cape Verde, and Canaries), in 
rocky and sand substrates up to 300 m deep (Rodríguez et al., 2004; 
Neves et al.,  2018). T.  lyra belongs to the Triglidae family and is a 
demersal fish found in a wide variety of locations, including archi-
pelagos of Azores and Madeira (Papaconstantinou, 1981), with mean 
annual landings of 370 tons in the last decade (INE, 2011–2021).

The aim of this work was to show that the selected unexploited 
and low commercial value fish species have a great nutritional 
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potential to be more regularly consumed. Hence, the nutritional 
composition of the five fish species was analyzed. The study was 
carried out throughout 1 year since the nutritional parameters may 
vary along seasons. In previous studies, the selected fish species 
were shown to be sensorially appealing (Silva et al., 2020), and good 
sources to be used in the development of marine-based food prod-
ucts with high acceptance from consumers (Silva et al., 2021).

2  |  MATERIAL S AND METHODS

2.1  |  Sample collection and pretreatment

Fish samples, captured from the coast of Portugal (approximate cap-
ture zone between 39°N, 9.5°W and 40°N, 11°W), were acquired at 
Peniche fish market (center of Portugal) or purchased from local fish-
ermen, every 2 months (Jan/Feb, Mar/Apr, May/Jun, Jul/Aug, Sep/
Oct, Nov/Dec), during 2019. Sample preparation was carried out ac-
cording to Portuguese Standard NP 4424 (2004). Briefly, fishes were 
washed with deionized type III water, measured for the total length 
(from mouth to caudal fin, cm), gutted, and filleted, manually reject-
ing the skin. Then, fish were divided into fresh samples and freeze-
dried samples. To obtain freeze-dried samples, fish were previously 
weighted and kept at −80°C for 12 h and then freeze-dried at −56°C 
for 60 h (Freeze-drier Labogene, CoolSafe 55-4). The freeze-dried 
biomass was then crushed using a kitchen robot (Bimby, Vorwerk, 
Thermomixer 31-1) and the resulting powder was stored in sampling 
bags in a fresh, dark, and dry room. Fresh samples were used to de-
termine moisture and ash contents, and dried samples were homog-
enized to assess total fat and crude protein content. The number 
of individuals of each species used for the analyses was defined 

according to their length (NP 4424, 2004). The sample included 10 
specimens for individuals up to 15 cm, 5 specimens for individuals 
up to 30 cm, and for those individuals over 30 cm, 3 cross-sections 
with 2.5 cm of each specimen were cut in the area after the pectoral 
fin, just before the caudal fin and the middle distance between both. 
Thus, the study included 10 individuals for S. cantharus, T. lyra, and 
T. picturatus, 20 for C. aper, and 15 for S. cabrilla, for each period of 
analysis (for each 2 months).

2.2  |  Nutritional composition analysis

2.2.1  |  Moisture content

Moisture content assay was performed according to Portuguese 
Standard NP 282 (1991). Porcelain crucibles were incubated for 3 h 
at 105 °C, to remove moisture and other substances that could affect 
the effective crucible weight. After cooling to room temperature in a 
desiccator, 10 g of fresh sample were weighed into the pre-weighed 
crucibles (Analytical Balance Sartorius, ENTIRIS224I-1S). The cruci-
bles with the samples were placed into a drying oven (Memmert, 
UF110) at the mentioned temperature and time. The samples were 
then removed and cooled down to room temperature in a desiccator 
(ca. 1 h). The samples were kept inside the desiccator and weighed 
daily until the values from successive weighings did not differ by 
more than 10  mg (3–4 days). Moisture content was expressed as 
g/100 g of fresh weight (FW) and calculated using the following 
equation:

(1)Moisture content =
Wfresh −Wdehydrated

Wfresh

× 100

F I G U R E  1  Fish species used in the 
present study. Source: T. lyra (Fishbase, 
by Ilkyaz, A.T.), T. picturatus (Fishbase, 
by Cambraia Duarte, P. M. N.), S. cabrilla 
(Fishbase, by Hernández-González, C.L.), 
S. cantharus (Fishbase, by Cambraia 
Duarte, P. M. N.), C. aper (original)
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where Wfresh is the fresh sample weigh and Wdehydrated is the av-
erage weigh of the dehydrated sample (average of the three last 
weighings).

2.2.2  |  Ash content

The ash content assay was performed according to Portuguese 
Standard NP 2032  (1988). The crucibles incubation and cooling 
procedures were the same as described for the moisture assay. For 
this assay, 5 g of fresh sample were weighed, and the samples were 
placed in an incinerator (Nabertherm, B170) at 525°C for 4 h. The 
sample ashes were cooled to room temperature in a desiccator and 
their weight was recorded until the values from successive weighings 
did not differ by more than 1 mg. The ash content was expressed as 
g/100 g of FW and determined using the following equation:

where Wash is the average ash weight and Wfresh is the fresh sample 
weight.

2.2.3  |  Total fat content

The total fat determination was adapted from Folch et al.  (1957). 
Briefly, 1 g of dried sample was mixed with 0.8 ml of distilled water 
and 5  ml of Folch reagent and mixed in a vortex (VWR, VV3) for 
1 min. Folch reagent was prepared using CHCl3 and MeOH (VWR, 
Fontenay-sous-Bois, France) in a proportion of 2:1 (v:v). Further 5 ml 
of Folch reagent were added and mixed for 5 min, and then for more 
2 min after adding 1.2 ml of 0.8% NaCl solution (Biochem, Cosne sur 
loire, France). The samples were centrifuged (4347 × g, 10 min, 4°C; 
Centrifuge Eppendorf, 5810R) and the lower phase (organic) was 
filtered through hydrophilic cotton and anhydrous sodium sulfate 
(VWR, Leuven, Belgium) to round-bottomed glass flask. To avoid 
sample loss, more 5 ml of CHCl3 were added, followed by a second 
centrifugation and filtration, under the same conditions. The sol-
vent from the collected organic phases was removed through low-
pressure evaporation using a rotary evaporator (Heidolph, Laborota 
4000). After complete solvent evaporation, the samples were placed 
in an oven at 30°C for 4 h and then kept in a desiccator until a con-
stant weight was registered (less than 10  mg between successive 
weighings). The total fat content was expressed as g/100 g of FW 
and determined using the following equation:

where Wfat is the average weight of the fat (weight of round-
bottomed glass flask with the fat – weight of the empty round-
bottomed glass flask), and Wsample is the sample's initial weight.

2.2.4  |  Crude protein content

The total protein assay was performed according to Portuguese 
Standard NP 4488  (2009), applying the Kjeldahl method. Briefly, 
0.5  g of sample (or distilled water in the blank assay) were mixed 
with 2 Kjeldahl tablets (Panreac) and 25 ml of H2SO4 (Honeywell, 
Fluka, MI) in digestion tubes. Samples were further digested in a 
Kjeldahl digestor (Foss, Digestor2006) at 400°C for 90 min. After 
samples were cooled down to room temperature, 80 ml of distilled 
water were added and the ammonia formed was distilled into 30 ml 
of a 4% H3BO3 (Panreac) solution containing bromocresol green 
(Alfa aesar) and methyl red (Panreac), under alkaline conditions (dis-
tillation with 40% NaOH, Fisher scientific), using a Kjeldahl distiller 
(Foss, Kjeltec2100). The distilled samples were titrated with HCl 
0.5 M (VWR).

The crude protein content, represented by the sample's nitrogen 
content, is expressed as g/100 g of FW, and was calculated using the 
following equation:

where 6.25 is the nitrogen-to-protein conversion factor 
(Jones, 1941), Va is the volume of HCl spent on sample titration, Vb is 
the volume of HCl spent on blank assay, N is the HCl normality, and 
W is the sample weight.

2.3  |  Average percentage variation over the year

The variation in the percentage of moisture, fat, and protein over the 
year was obtained as follows. The variation module between pairs of 
months was calculated according to the following equation:

where Mi is the first pair of months, Mi+1 is the next couple of months, 
and max is the highest value between Mi and Mi+1. Then, the annual 
variation was obtained with the average of the variations between 
pairs of months.

2.4  |  Statistical analysis

One-way analysis of variance (ANOVA) was performed to identify 
significant differences in fish length and nutritional composition 
throughout the year (pairs of months/seasons) for each species. 
All assumptions required to perform the ANOVA (that is, data nor-
mality and homogeneity of variance) were validated (by applying 
the Shapiro–Wilk and Levene tests, respectively), and the Tukey 
test was used in post hoc multi-comparisons (F value and p-value) 
(Zar,  2010). When assumptions were not met, the nonparametric 

(2)Ash content =
Wash

Wfresh

× 100

(3)Total fat =
Wfat

Wsample

× 100

(4)Protein content =
6.25 × 0.014

(

Va − Vb

)

× N

W
× 100

(5)Variation between pairs of months (%) =

(

Mi −Mi+1

)

max
× 100
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Kruskal–Wallis test and the Games–Howell multi-comparison test 
were applied (Zar, 2010). Analyses were performed using IBM SPSS 
Statistics 27 (IBM SPSS, 2020). Significance of statistical testing was 
assessed at p < .05.

Principal Component Analysis (PCA) (Ter Braak and 
Smilauer, 2002) was used to summarize patterns in nutritional com-
position (moisture, ash, total fat, and crude protein contents) among 
species throughout the months/seasons. PCA model was built using 
the average of measured data, and full cross-validation was applied 
to validate the model. The principal components (PC) were calcu-
lated by linear combination of original variables and adequately 
represent the original data (Bro and Smilde, 2014). The data were 
mean-centered by subtracting from every variable the correspond-
ing mean level, and the variables were scaled by dividing them by 
the corresponding standard deviations. Thus, PCA proved to be ade-
quate, since it allows to reduce the data dimensionality, maintaining 
relevant information contained therein (Bednárová, 2013). Although 
only the results concerning the first two components are present, 
the others were also analyzed. Analyses were performed using 
Canoco for Windows 4.5 software (Ter Braak and Smilauer, 2002).

All analyses were performed in triplicate. Whenever applicable, 
the results are presented by the mean ± standard deviation (SD).

3  |  RESULTS AND DISCUSSION

3.1  |  Characterization of the samples

Biotic, abiotic factors or even fishing pressure can influence the 
growth and consequently the fish length. Among the biotic factors, 
food availability and low competition for food are the most relevant. 
Fishing pressure can lead to populations of smaller individuals since 
the larger ones are more susceptible to be caught by the differ-
ent fishing gears (King,  2013). According to Webster et al.  (2011), 
intraspecific morphological variations can be associated with en-
vironmental differences such as flow regime, water depth, water 
chemistry, and substrate type. Also, the water temperature can in-
fluence growth rate, body length, and reproductive schedules, since 

reduced temperatures result in lower initial growth rate and delayed 
maturation in larger body length (Trip, 2014).

The total length (cm) and number of specimens used for each 
species over the year are presented in Table 1. C. aper was the small-
est species studied, with an annual average length of 12.7 ± 0.6 cm, 
while T.  lyra and T. picturatus were the longer species, with annual 
average lengths of about 30 cm. T. lyra was also the species that pre-
sented the highest annual variation in total length.

The length of S. cantharus presented statistically significant dif-
ferences throughout the year, varying between 22.2 ± 1.7 cm (Jul/
Aug) and 29.0 ± 1.0  cm (Sep/Oct) (Table  1). As stated by Neves 
et al.  (2018), individuals may be characterized according to total 
length as juveniles (2.1–13.6 cm), females (9.1–32.2 cm), transition 
(20.1–32 cm), and males (20.0–38.0  cm). Accordingly, the sample 
used in this study is mainly composed of mature individuals.

The length of T.  lyra presented statistically significant differ-
ences during the period under analysis, remaining around 27 cm 
long throughout the year, with a high increase in Sep/Oct, when 
it reached its maximum length (36.4 ± 2.2  cm) (Table  1). This is in 
agreement with the results obtained by Sousa (2019) that reported 
lengths ranging from 12.5 to 45.1 cm for specimens caught in the 
coast of Portugal for 1 year. According to the author, the total length 
of the individuals ranged between 12 and 13 cm for immature indi-
viduals, between 23.5 and 45.1 cm for females, and between 25.8 
and 41.0  cm for males. Taking this information into account, the 
samples of T. lyra used in this study are mainly composed of mature 
individuals.

Trachurus picturatus also presented statistically significant differ-
ences in the length throughout the year, with the minimum length 
(25.6 ± 1.5 cm) in Jan/Feb and the maximum length (40.6 ± 1.2 cm) 
in May/Jun (Table 1). These values agree with the data reported for 
T.  picturatus from Madeira and Azores archipelagos, with lengths 
ranging from 17 to 46 cm (Vasconcelos et al., 2006) and from 15 to 
40 cm (Isidro, 1990), respectively.

The average length of C. aper through the year also presented 
statistically significant differences, presenting a constant length 
throughout the year (about 12 cm) and a maximum value in Sep/Oct 
(Table 1). These results are in line with what was previously found for 

TA B L E  1  Total length (cm) for each species in each pair of months

Species n

Pairs of months
Annual 
average

Annual 
variation (%)Jan/Feb Mar/Apr May/Jun Jul/Aug Sep/Oct Nov/Dec

S. cantharus 10 23.4 ± 0.7a 24.5 ± 1.0ab 27.2 ± 1.5cd 22.2 ± 1.7a 29.0 ± 1.0d 26.5 ± 2.2bc 25.5 ± 2.7AB 15 (2–5)

T. lyra 20 29.7 ± 1.7a 29.4 ± 1.4a 27.7 ± 1.4a 27.9 ± 1.9a 36.4 ± 2.2b 29.5 ± 1.4a 30.1 ± 3.4A 21 (2–42)

T. picturatus 15 25.6 ± 1.5a 26.7 ± 1.7a 40.6 ± 1.2b 35.0 ± 1.1c 25.7 ± 1.3a 26.8 ± 1.0a 30.1 ± 5.9A 13 (4–23)

C. aper 10 12.4 ± 1.6a 12.3 ± 0.8a 12.9 ± 0.8a 12.6 ± 0.9a 19.3 ± 1.5b 12.7 ± 0.6a 13.7 ± 2.7C 10 (1–23)

S. cabrilla 10 21.8 ± 1.9a 21.4 ± 2.2a 20.5 ± 1.0ab [#] 11.9 ± 0.9a 18.9 ± 2.1b 18.9 ± 4.0BC 17 (4–34)

Note: Values are presented as mean ± SD. Different lowercase letters in rows represent significant differences between pairs of months for each 
species and different uppercase letters in columns represent significant differences between species (p-value <.05). n is the number of specimens 
used for each pair of months. Annual variation (%) is presented as Av. (Min.–Max.), were Av. is the average of the variations between pairs of months, 
and Min and Max are the minimum and maximum variations observed between pairs of months, respectively.
[#] Data missing due to mechanical problems in the supply vessel.
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this species captured off the Portuguese coast, with a total length 
ranging between 7.2 and 9.5 cm for immature specimens and 8.1 and 
17.0 cm for mature ones (Sequeira et al., 2020). A maximum length 
of 23 cm was reported for C. aper from the Northeast Atlantic, but 
the length range for this species varies between 2.5 and 18 cm with 
12 cm being a more commonly observed length (Hüssy et al., 2012). 
Length at maturity was estimated to be at 9.7 cm in this region (Farrel 
et al., 2012), which is similar to the maximum length of an immature 
fish sampled in the Portuguese coast (9.5 cm).

As for S.  cabrilla the length also presented statistically signifi-
cant differences throughout the year, with the lowest length value 
(11.9 ± 0.9 cm) in Sep/Oct and a constant length of about 20 cm in 
the other periods (Table  1). These results are similar to those re-
ported for this species captured off the Portuguese coast between 
July 2011 and September 2012, with a length variation between 12 
and 26 cm (Gordo et al., 2016).

3.2  |  Nutritional composition

Table 2 presents a summary of the nutritional parameters analyzed 
every 2 months during 1 year for the five species studied. For all the 
species, moisture was the highest component (69–82%), followed by 
protein (14–25%), ash (5–13%), and fat (0.6–5%).

3.2.1  |  Moisture content

Moisture content varied throughout the year for S. cantharus, T. lyra, 
T.  picturatus, C.  aper, and S.  cabrilla (Table  2). Despite these varia-
tions, moisture content did not present a wide variation through-
out the year for the species studied, with moisture values ranging 
between 69% and 82% (Table 2). The moisture content of raw fish 
is reported to be around 79% [10], which is in line with the average 
moisture content obtained for the species under study.

Spondyliosoma cantharus moisture content in May/Jun was sig-
nificantly higher than observed for other months, decreasing until 
Sep/Oct, when it reached its minimum (Table 2). Considering other 
species from S. cantharus family, there is some similarity between 
moisture contents, such as black seabream (Pomadasys peroteti) 
from Gabon with 78.50 ± 0.14% (Ondo-Azi et al.,  2013). However, 
higher contents were reported for Sparus aurata captured in April 
in the Central Adriatic (79.12 ± 0.48% on wet weight basis) (Šimat 
et al.,  2012). In addition, seabream (Argyrops spinifer) captured in 
Oman, revealed different seasonal moisture contents, with the max-
imum content being reported in September (78.6 ± 0.3  g/100 g of 
fish flesh) and the minimum in June (77.8 ± 0.7 g/100 g of fish flesh) 
(Ali et al., 2013).

The average moisture content of T. lyra was similar to that reported 
in a study by Blanco et al. (2018) on Trigla spp. captured off the north-
western coast of the Iberian Peninsula (74.320 ± 0.530%). Similar 
results were reported for tub gurnard (Chelidonichthys lucernus), 
which belongs to the Triglidae family, captured off the north-eastern 

Mediterranean coast of Turkey in January (77.79 ± 0.40%) and 
October (75.95 ± 0.15%) (Küçükgülmez et al.,  2010). However, the 
study reported higher moisture content in specimens captured in 
April (78.34 ± 0.12%), compared with the results obtained in the 
present study at the same time of the year for T. lyra.

The average moisture content obtained for T.  picturatus was 
similar to the value reported for T.  picturatus captured in north-
eastern Atlantic (74.970% ± 1.630 in ground tissue wet weight) 
(Nogueira et al., 2013), and with those reported for horse mackerel 
(T.  trachurus) captured in Nigeria, with 73.56 ± 0.01% of moisture 
content (Adeyemi et al., 2013). However, higher contents were re-
ported for Trachurus murphyi from Chile with a moisture content of 
75.37 ± 0.91 g/100 g (Bastías et al., 2017).

Regarding C. aper, the average moisture content obtained is sim-
ilar to the value reported by Spitz et al. (2010) of 71.3% of wet total 
body mass, captured in the Bay of Biscay in autumn from 2002 to 
2008, but the moisture content obtained in Nov/Dec (autumn) in the 
present study was higher.

The average moisture content of S.  cabrilla is comparable to 
that reported by Edirisinghe et al. (2013) for Epinephelus merra male 
specimens from the Serranidae family, captured in Sri Lanka, with 
77.17 ± 0.38 g/100 g fresh wet mass and higher than female individ-
uals (74.31 ± 1.78 g/100 g fresh wet mass).

3.2.2  |  Ash content

The ash content refers to the inorganic residue remaining after in-
cineration of fresh sample, representing the total mineral content 
in foods (Nielsen, 2010). Ash content by species and months is pre-
sented in Table 2. The variation in ash content throughout the year 
was statistically significant for S. cantharus, T. lyra, T. picturatus, and 
C. aper. The highest average variation in ash content throughout the 
year was observed for T. lyra (16%), while for the other species the 
variation was in average 8–11%. Ash content ranged between 5% 
and 13% for the species and period studied, which is higher than 
the ash content of 2.5% reported for raw fish on a wet weight basis 
(Nielsen,  2010). However, the values obtained are in agreement 
with what is reported in the literature, including ash content ranges 
from 0.7 to 5.3% (Bogard et al., 2015) and from 1.9 to 17.8% (Flowra 
et al., 2012).

Spondyliosoma cantharus average ash content was noticeably 
higher when compared with other species from the Sparidae fam-
ily. For example, P.  peroteti from Gabon presented an ash content 
of 1.01 ± 0.14% (Ondo-Azi et al.,  2013) and S.  aurata captured in 
April in the Central Adriatic Sea had an ash content of 1.12 ± 0.06% 
(Šimat et al.,  2012). Kiczorowska et al.  (2019) also reported a 
lower ash content for S. aurata captured in the Mediterranean Sea 
(1.37 ± 0.02 g/100 g of fish). The ash content found for T.  lyra av-
erage was higher than the ash contents reported for species from 
Triglidae family, such as C.  lucernus captured in Nigeria in January 
(1.38 ± 0.04%), April (1.35 ± 0.01%), and October (1.34 ± 0.01%) 
(Küçükgülmez et al.,  2010), and C.  lucerna captured in the Baltic 
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Sea (0.99 ± 0.03 g/kg of fish) (Kiczorowska et al.,  2019). T.  pictura-
tus average ash content was similar to that reported by Adeyemi 
et al. (2013) for T.  trachurus captured in Nigeria with 8.60 ± 0.20% 
of ash. However, lower contents were reported for T. murphyi from 
Chile, with an ash content of 0.90 ± 0.09 g/100 g (Bastías et al., 2017). 
The average ash content obtained for C. aper in the present study is 
higher than the value reported by Spitz et al. (2010) with 4.6% of wet 
total body mass, captured in the Bay of Biscay in autumn. The aver-
age ash content obtained for S. cabrilla was similar to that reported 
by Edirisinghe et al. (2013) for E. merra male and female specimens, 
captured in Sri Lanka, with 5.67 ± 0.88 and 5.36 ± 0.56 g/100 g dry 
mass, respectively.

The obtained range of ash content indicates that the species 
studied are a good source of minerals. However, the average ash 
content obtained for all the species is significantly higher than most 
of those reported in the literature. A possible explanation for this 
may have been the accidental inclusion of bones as edible parts in 
the manual filleting, which would have resulted on higher ash con-
tent in the samples.

3.2.3  |  Fat content

Variations in the fat content among pairs of months were statisti-
cally significant for C. aper, S. cantharus, T. lyra, and T. picturatus, but 
not for S. cabrilla (Table 2). Fat content was the parameter with the 
higher annual variations in the species studied, with annual varia-
tions ranging from 10% (S. cabrilla) to 43% (C. aper). A high annual 
variation in the lipid content of fish is usual, being mostly related to 
the life cycle and energy intake of fish (Taşbozan & Gökçe, 2017).

The fat content obtained for S. cantharus decreased throughout 
the winter (Jan/Feb and Mar/Apr), reaching its minimum value by 
the spring (May/Jun), followed by an increase until the late summer 
(Sep/Oct), when it reached its maximum value. Values in the same 
range but for different seasons were reported for Sparidae spe-
cies, such as A.  spinifer captured in Oman, which presented a fat 
content of 0.66 ± 0.1 g/100 g and 4.19 ± 1.2 g/100 g of fish flesh in 
September and June, respectively (Ali et al., 2013). Lower fat values 
were reported for P. peroteti from Gabon (0.67 ± 0.03%) (Ondo-Azi 
et al., 2013) and S. aurata captured in April in the Central Adriatic 
(0.86 ± 0.12%) (Šimat et al., 2012). The fat content found for T. lyra 
was lowest in Jul/Aug with no statistical differences with May/Jun, 
whereas the maximum fat content was observed in Nov/Dec. Similar 
fat contents were reported for C. lucernus from Nigeria, with a max-
imum fat content observed in October (3.08 ± 0.04%) and minimum 
in April (0.26 ± 0.02%) (Küçükgülmez et al.,  2010). T.  picturatus fat 
content was statistically similar for all the months except for Mar/
Apr. The minimum fat content was obtained in Mar/Apr, while the 
maximum value was obtained in Sep/Oct. Similar fat content was 
reported for T. trachurus captured in Nigeria with 3.32 ± 0.01% fat 
content (Adeyemi et al.,  2013), but lower values were reported 
for T. murphyi from Chile with a fat content of 6.37 ± 0.21 g/100 g 
(Bastías et al.,  2017). The species with the widest variation in fat 

content along the year was C.  aper, with a maximum value in Jul/
Aug. This could be related to an increase in food availability in the 
west coast of Portugal where strongest summer upwelling occurs 
(July to September) (Fiúza et al., 1982). Spitz et al.  (2010) reported 
a fat content of 4.8% of wet total body mass for C. aper captured in 
the Bay of Biscay in autumn, which is higher than the value obtained 
for Nov/Dec in the present study (1.52%, Table 2), but similar to the 
maximum fat content of 5% obtained in May/Jun in this study. These 
variations may be due to the different environmental conditions and 
food availability in the two locations along the year. S. cabrilla had 
the lowest fat content among the fish species studied, with an aver-
age fat content of 0.68 ± 0.09 g/100 g and no statistical differences 
throughout the year (Table 2).

According to their fat content, fish may be classified as lean 
fish (less than 5% fat), such as cod, mid-fat fish (5–10% fat), such as 
bream, and fatty fish (10–25% fat), such as some salmon species, al-
though the classification and the lipid ranges in fish may vary among 
publications (Taşbozan & Gökçe, 2017). The species studied herein 
presented average fat contents ranging between 0.7% and 3.7% and 
may be considered lean fishes according to the referred classifica-
tion. Additionally, the fat contents obtained for the species in the 
present study are comparable to those reported for commonly con-
sumed fish such as G. morhua, with a fat content of 0.1–0.9% (Murray 
& Burt, 1991), and M. merluccius, with a fat content of 0.27–1.24% 
(Küçükgülmez et al., 2008), and inferior to fatty fish, such as Thunnus 
sp., with 25% of fat (Murray & Burt, 1991).

3.2.4  |  Protein content

Variations in the protein content among pairs of months were sta-
tistically significant for S. cantharus, T. lyra, T. picturatus, C. aper, and 
S. cabrilla (Table 2). C. aper was the species that presented the wid-
est variation in protein content throughout the year (22% average 
variation), while T. picturatus was the one that presented the smallest 
variation of protein in its composition throughout the year (2%).

The protein content found for S. cantharus was remarkably dif-
ferent in Sep/Oct, presenting the highest value of 20%, while the 
minimum value was observed in May/Jun. Similar protein contents 
were reported for S. aurata, from Sparidae family, captured in the 
Mediterranean sea, with a protein content of 21.69 ± 0.02 g/100 g 
of fish (Kiczorowska et al., 2019), and for S. aurata captured in April 
in the Central Adriatic Sea, with a protein content of 19.87 ± 0.36% 
on wet weight basis (Šimat et al.,  2012). T.  lyra protein content 
was remarkably different in Mar/Apr (late winter) when compared 
to the other months (Table 2). The maximum protein values were 
obtained in Nov/Dec, while the minimum was observed in Jul/
Aug. The obtained protein values are in agreement with those re-
ported by Blanco et al., for Trigla spp. captured off the northwest-
ern coast of the Iberian Peninsula (Blanco et al., 2018). The authors 
reported a protein content of 17.270 ± 0.140%, which is similar 
to the average value obtained in the present study throughout 
the year (18%, Table  2). T.  picturatus revealed a minimum protein 
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content in Jan/Feb, and a maximum value in Jul/Aug. Similar val-
ues were reported for T.  murphyi from Chile, with a protein con-
tent of 16.58 ± 0.88 g/100 g (Bastías et al., 2017), but a much higher 
protein content was reported for T.  trachurus captured in Nigeria 
(65.65 ± 1.01%) (Adeyemi et al., 2013). The minimum protein con-
tent of C. aper was observed in Jan/Feb, reaching its maximum 
value in Jul/Aug. Lower values were reported for C. aper captured 
off the northwestern coast of Ireland with an average protein con-
tent of 6.1 ± 1.0% (Egerton et al., 2020). However, comparable pro-
tein contents (17.2%) were reported for C. aper captured in the Bay 
of Biscay in autumn (Spitz et al., 2010). The wide variations in pro-
tein content observed throughout the year for this species, with a 
maximum value in Jul/Aug, could be related to an increase in food 
availability in the western coast of Portugal in that period (Fiúza 
et al., 1982; Mittelstaedt, 1986), similar to what was observed for 
the variation of its fat content along the year. S. cabrilla protein con-
tent was minimum in Jan/Feb, reaching its maximum value in May/
Jun, which was not statistically different from the value obtained 
in Nov/Dec.

Fish protein content is usually between 15 and 20%, although 
some species may present protein contents out of this range (Murray 
& Burt, 1991). The protein contents obtained for the species in the 
present study (14–25%) are within the aforementioned protein con-
tents. Moreover, the protein contents obtained are comparable to 
those reported for commonly consumed fish, such as G. morhua with 
15% of protein (Murray & Burt, 1991), S. salar with 19–21% (Costa 

et al., 2015), M. merluccius with 18–21% (Küçükgülmez et al., 2008), 
and Thunnus sp. with 25% of protein (Murray & Burt,  1991). 
Therefore, these unexploited and low commercial value fish spe-
cies are a good protein alternative to the commonly consumed fish 
species.

3.3  |  Seasonal variations in the nutritional 
composition

A PCA was conducted to determine possible variations in the nutri-
tional composition of the sudied species (Figure 2). Since the analy-
ses were performed every two months, the following association of 
months with seasons was considered: winter – Jan/Feb and Mar/
Apr; spring – May/Jun; summer – Jul/Aug and Sep/Oct; autumn 
(Nov/Dec). The first component (PC1) is characterized by the op-
position between moisture and fat, as well as by the opposition of 
moisture with ash and protein (although with less contribution) ex-
plaining 48.5% of nutritional data variability. PC2 is characterized 
by the opposition between ash and protein and explains 27.2% of 
nutritional data variability. The two main components (PC1 and PC2) 
together explain 75.7% of the total data variability. PC1 indicates 
that higher moisture levels are associated with lower values of fat, 
protein, and ash, while PC2 indicates that higher levels of ash are 
associated with lower levels of protein (these correlations will be dis-
cussed further in the next paragraphs).

F I G U R E  2  Biplot of the first two 
principal components representing 
variation in moisture, fat, protein, and ash 
contents of each species under study over 
the months/seasons. PC1 and PC2 explain 
48.5% and 27.2% of data variability, 
respectively. Orange letters – winter (Jan/
Feb and Mar/Apr); red letters – spring 
(May/Jun); blue letters – summer (Jul/
Aug and Sep/Oct); green letters – autumn 
(Nov/Dec); Sc: S. cantharus; Tl: T. lyra; Tp: 
T. picturatus; Ca: C. aper; Sec: S. cabrilla
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Trachurus picturatus captured in summer/autumn presented 
higher fat and protein levels. The seasonal variations on the fat con-
tent of T. picturatus could be explained by its spawning period. The 
reproductive season of T.  picturatus occurs in winter–spring, with 
the reproductive period starting in December and extending until 
May, with a peak in February/March (Garcia et al., 2015; Vasconcelos 
et al., 2017). The minimum protein and fat levels are observed in win-
ter, during the spawning season. In this period, both fat and protein 
are used to fulfill the higher energy demands. During breeding, the 
lipid fraction is the nutritional component with the widest variation, 
reaching its minimum value around that period. This occurs because 
the spawning requires higher energy intake, so the energy reserves 
are spent and most of the species do not ingest much food during 
spawning migration, enabling the intake of energy through feeding 
(Huss, 1995).

Higher levels of fat are also associated with C. aper in spring 
(May/Jun) and higher protein contents are associated with C. aper 
in summer (Jul/Aug). This species spawns all year round off the 
Portuguese coast, with a spawning peak from June to August 
(Sequeira et al., 2015). The spawning period for C. aper does not 
correspond to the period of the year when the lower fat and pro-
tein contents are observed, contrasting with what was observed 
for T. picturatus. The seasonal variations in protein and fat contents 
for this species could be related to an increase in food availabil-
ity in the west coast of Portugal in that period (Fiúza et al., 1982; 
Mittelstaedt, 1986).

Regarding T.  lyra, higher protein and fat levels are observed in 
autumn (Nov/Dec). This species has a short spawning season, from 
November to February with a peak in January (Sousa, 2019). Thus, 
the maximum fat and protein contents coincided with the beginning 
of the spawning season, while minimum levels of these components 
were observed in the summer.

As for S. cantharus, higher moisture levels were observed in the 
spring (May/Jun). In general, it was observed that muscle moisture 
content varied inversely with the amount of fat (Ali et al., 2020). 
The increase in fat content and the simultaneous decrease in 
water content may be related with an increase in age (increasing 
size). The fluctuations in water, fat, protein, and ash contents with 
the age may also be related to migration and spawning. This was 
clearly observed for S. cantharus that presents maximum moisture 
levels in spring when the fat and protein contents are minimum. 
This corresponded to the end of the spawning season of this spe-
cies, which usually occurs between February and May (Neves 
et al., 2018).

Regarding S. cabrilla, this was the species that presented the 
smallest annual variation in the nutritional parameters studied 
(Table 2). As shown in Figure 2, no strong associations could be 
observed between any of the nutritional parameters and the 
months/seasons analyzed. Despite of this, the maximum protein 
and fat contents for this species were obtained in spring, which 
is coincident with the beginning of the spawning season of this 
species in the Portuguese coast that occurs from May to July 
(Sequeira et al., 2015).

4  |  CONCLUSION

This study assessed the seasonal nutritional composition of un-
exploited or low commercial value fish species captured on the 
Portuguese coast over one year. The species studied were mainly 
composed by water (69–82%), protein (14–25%), ash (5–13%), and fat 
(0.6–5%). Significant seasonal variations were observed in the nutri-
tional composition of all the species studied. Fat was the parameter 
that presented the widest variations throughout the year, with nota-
ble differences in C. aper from different months. All the studied fish 
species were considered lean, according to their fat content. C. aper 
and S.  cantharus were found to have high protein contents. The 
fish species studied were shown to have high fat and protein con-
tents, comparable to those of commonly consumed species such as 
G. morhua and M. merluccius. Therefore, these species demonstrate 
a great potential to become more commonly consumed fish species, 
either for human or animal consumption.

The observed seasonal differences appeared to be related to the 
reproductive cycle of the species, but many other environmental 
factors, such as food availability, temperature, age, size, and sex, may 
also contribute to these variations. C. aper presented higher fat and 
protein contents in July/August, while for the other species these 
parameters were higher from September to December, except for 
the fat content of S. cabrilla, which remains constant throughout the 
year. For industrial applications, the seasonal variations regarding 
either the landings of the species or their nutritional composition 
could be a limitation and should be taken into account.

ACKNOWLEDG MENTS
Authors are very grateful to FCT (Fundação para a Ciência e a 
Tecnologia) for the financial support attributed to A.R.V and V.S. 
through CEECIND/01528/2017 and CEECIND/02705/2017, respec-
tively, and of this work through the project UID/MAR/04292/2020, 
attributed to MARE – Marine and Environmental Sciences 
Centre, Polytechnic of Leiria. This work was also partially funded 
by the Integrated Programme of SR&TD “SmartBioR” (refer-
ence Centro-01-0145-FEDER-000018) cofunded by Centro 
2020 program, Portugal2020, European Union, through the 
European Regional Development Fund and by project VALOREJET 
(16–01-03-FMP-0003), Operational Program Mar 2020, Portugal, 
through the European Maritime and Fisheries Fund.

ORCID
Maria Manuel Gil   https://orcid.org/0000-0002-8008-9839 

R E FE R E N C E S
Adeyemi, O. T., Osilesi, O. O., Onajobi, F., Adebawo, O., & Afolayan, A. 

J. (2013). Stability of smoked fish, horse mackerel (Trachurus tra-
churus) by different methods and storage at room temperature. 
Advanced Research Journal of Biochemistry Sciences, 1, 37–45.

Ali, A., Al-Abri, E. S., Goddard, J. S., & Ahmed, S. I. (2013). Seasonal vari-
ability in the chemical composition of ten commonly consumed 
fish species from Oman. The Journal of Animal & Plant Sciences, 23, 
805–812.

https://orcid.org/0000-0002-8008-9839
https://orcid.org/0000-0002-8008-9839


    |  11DUARTE et al.

Ali, A., Al-Tobasei, R., Lourenco, D., Leeds, T., Kenney, B., & Salem, M. 
(2020). Genome-wide scan for common variants associated with 
intramuscular fat and moisture content in rainbow trout. BMC 
Genomics, 21, 529.

Barroso, S., Pinto, F. R., Silva, A., Silva, F. G., Duarte, A. M., & Gil, M. 
M. (2020). The circular economy solution to ocean sustainability: 
Innovative approaches for the blue economy. In S. S. Rodrigues, 
P. J. Almeida, & N. M. Almeida (Eds.), Mapping, managing, and 
crafting sustainable business strategies for the circular economy 
(pp. 139–165). IGI Global. https://doi.org/10.4018/978-1-5225-
9885-5.ch008

Bastías, J. M., Balladares, P., Acuña, S., Quevedo, R., & Muñoz, O. (2017). 
Determining the effect of diferente cooking methods on the nutri-
tional composition of salmon (Salmo salar) and Chilean jack mack-
erel (Trachurus murphyi) fillets. PLoS One, 12, e0180993.

Bednárová, A., Mocak, J., Gössler, W., Velik, M., Kaufmann, J., & Staruch, 
L. (2013). Effect of animal age and gender on fatty acid and ele-
mental composition in Austrian beef applicable for authentication 
purposes. Chemical Papers, 67, 274–283.

Blanco, M., Domínguez-Timón, F., Pérez-Martín, R. I., Fraguas, J., Ramos-
Ariza, P., Vázquez, J. A., Borderías, A. J., & Moreno, H. M. (2018). 
Valorization of recurrently discarded fish species in trawler fisher-
ies in north-West Spain. Journal of Food Science and Technology, 55, 
4477–4484.

Bogard, J. R., Thilsted, S. H., Marks, G. C., Wahab, M. A., Hossain, M. 
A. R., Jakobsen, J., & Stangoulis, J. (2015). Nutrient composition 
of important fish species in Bangladesh and potential contribution 
to recommended nutrient intakes. Journal of Food Composition and 
Analysis, 42, 120–133.

Bowdich, S. L. (1825). Fishes of Madeira. In: T. E. Bowdich (Ed.). Excursions 
in Madeira and Porto Santo during the autumn of 1823, while on his 
third voyage to Africa (pp. 121–125 and 233–238). i–xii + 1–278. G. 
B. Whittaker. https://www.biodi​versi​tylib​rary.org/page/14473298

Bro, R., & Smilde, A. K. (2014). Principal component analysis. Analytical 
Methods, 6, 2812–2831.

Costa, S., Afonso, C., Cardoso, C., Batista, I., Chaveiro, N., Nunes, M. L., 
& Bandarra, N. M. (2015). Fatty acids, mercury, and methylmer-
cury bioaccessibility in salmon (Salmo salar) using an in vitro model: 
Effect of culinary treatment. Food Chemistry, 185, 268–276.

Edirisinghe, D. M. A., Cumaranatunga, P. R. T., Radampola, K., & 
Kirindearachchige, P. T. (2013). Analysis of proximate composi-
tion and consumer preference of three reef fish species. Sri Lanka 
Journal of Aquatic Sciences, 18, 27–36.

Egerton, S., Culloty, S., Whooley, J., Stanton, C., & Ross, R. P. (2017). 
Boarfish (Capros aper): Review of a new capture fishery and its val-
orization potential. ICES Journal of Marine Science, 74, 2059–2068.

Egerton, S., Mannion, D., Culloty, S., Whooley, J., Stanton, C., & Ross, R. 
P. (2020). The proximate composition of three marine pelagic fish: 
Blue whiting (Micromesistius poutassou), boarfish (Capros aper) and 
Atlantic herring (Clupea harengus). Irish Journal of Agricultural and 
Food Research, 59, 185–200.

European Commission (2019). The EU Fish Market 2019 edition is out: 
Everything you wanted to know about the EU market for fish and 
seafood. Retrieved from https://ec.europa.eu/fishe​ries/press/​
eu-fish-marke​t-2019-editi​on-out-every​thing​-you-wante​d-know-
about​-eu-marke​t-fish-and-seafo​od_en

FAO, Food and Agriculture Organization of the United Nations (1996). 
Technical cConsultation on rReduction of wWastage in fFisher-
ies. Tokyo, 28 October–1 November 1996. FAO Fisheries Report 
No. 547. Retrieved from https://ec.europa.eu/fishe​ries/sites/​
fishe​ries/files/​docs/publi​catio​ns/impact_asses​sment_disca​
rd_policy_2007_en.pdf

FAO, Food and Agriculture Organization of the United Nations. (2020). 
The state of world fisheries and aquaculture 2020. Sustainability in ac-
tion. FAO. https://doi.org/10.4060/ca9229en

Farrell, E. D., Hüssy, K., Coad, J. O., Clausen, L. W., & Clarke, M. W. (2012). 
Oocyte development and maturity classification of boarfish (Capros 
aper) in the Northeast Atlantic. ICES Journal of Marine Science, 69, 
498–507.

Fiúza, A. F. G., Macedo, M. E., & Guerreiro, M. R. (1982). Climatological 
space and time variation of the Portuguese coastal upwelling. 
Oceanologica Acta, 5, 31–40.

Flowra, F. A., Nahar, D. G., Tumpa, A. S., & Islam, M. T. (2012). Biochemical 
analysis of five dried fish species of Bangladesh. University Journal 
of Zoology, Rajshahi University, 31, 9–11.

Folch, J., Lees, M., & Stanley, G. H. S. (1957). A simple method for the 
isolation and purification of Total lipids from animal tissues. Journal 
of Biological Chemistry, 226, 497–509.

Garcia, A., Pereira, J. G., Canha, A., Reis, D., & Diogo, H. (2015). Life 
history parameters of blue jack mackerel Trachurus picturatus 
(Teleostei: Carangidae) from Northeast Atlantic. Journal of the 
Marine Biological Association of the UK, 95, 401–410.

Gordo, L. S., Neves, A., Vieira, A. R., Paiva, R. B., & Sequeira, V. (2016). 
Age, growth and mortality of the comber Serranus cabrilla (Linnaeus, 
1758) in the eastern Atlantic. Marine Biology Research, 12, 656–662.

Guillen, J., Holmes, S. J., Carvalho, N., Casey, J., Dörner, H., Gibin, M., 
Mannini, A., Vasilakopoulos, P., & Zanzi, A. (2018). A review of the 
European union landing obligation focusing on its implications for 
fisheries and the environment. Sustainability, 10, 900.

Huss, H. H. (1995). Quality and quality changes in fresh fish. FAO fisheries 
and aquaculture technical paper, no: 348. FAO.

Hüssy, K., Coad, J. O., Farrel, E. D., Clausen, L. W., & Clarke, M. W. (2012). 
Sexual dimorphism in size, age, maturation, and growth characteris-
tics of boarfish (Capros aper) in the Northeast Atlantic. ICES Journal 
of Marine Science, 69, 1729–1735.

IBM Corp. (2020). IBM SPSS statistics for windows, version 27.0. IBM Corp.
ICES. (2006). Report of theWorking group on the assessment of 

NewMOUSpecies (WGNEW); 13–15 December 2005, ICES 
Headquarters (p. 234). ICES advisory committee on fisheries man-
agement, CM2006/ACFM; ICES.

INE - Instituto Nacional de Estatística - Estatísticas da Pesca (2011–
2021). Lisboa. Retrieved from https://www.dgrm.mm.gov.pt/esta, 
consulted 23/08/2021.

Isidro, H. A. (1990). Age and growth of Trachurus picturatus (Bowdich, 
1825) (Teleostei: Carangidae) from the Azores. Arquipélago – Life 
and Earth Sciences, 8, 45–54.

Jones, D. B. (1941). Factors for converting percentages of nitrogen in foods 
and feeds into percentages of protein (p. 183). US Department of 
Agriculture-circ.

Kiczorowska, B., Samolińska, W., Grela, E. R., & Bik-Małodzińska, M. 
(2019). Nutrient and mineral profile of chosen fresh and smoked 
fish. Nutrients, 11, 1448–1460.

King, M. (2013). Fisheries Biology, Assessment and Management. Wiley.
Küçükgülmez, A., Çelik, M., Ersoy, B., Yanar, Y., & Sangün, L. (2008). 

Seasonal variations in proximate and fatty acid compositions of two 
commercially important fish, hake (Merluccius merluccius) and lizard-
fish (Saurida undosquamis), from the northeastern Mediterranean 
Sea. Journal of Muscle Foods, 19, 352–361.

Küçükgülmez, A., Celik, M., Ersoy, B., & Yanar, Y. (2010). Effects of sea-
son on proximate and fatty acid composition of two Mediterranean 
fish – The round herring (Etrumeus teres) and tub gurnard 
(Chelidonichthys lucernus). International Journal of Food Science & 
Technology, 45, 1056–1060.

Linnaeus, C. (1758). Systema Naturae per regna tria naturae, secundum 
classes, ordines, genera, species, cum characteribus, differentiis, 
synonymis, locis. Editio decima, reformata [10th revised edition], 
(vol. 1, p. 824). Holmiae [Stockholm], Laurentii Salvii. https://doi.
org/10.5962/bhl.title.542

Mittelstaedt, E. (1986). Upwelling regions. In J. Sündermann (Ed.), 
Oceanography (Vol. 3c, pp. 135–163). Springer-Verlag.

https://doi.org/10.4018/978-1-5225-9885-5.ch008
https://doi.org/10.4018/978-1-5225-9885-5.ch008
https://www.biodiversitylibrary.org/page/14473298
https://ec.europa.eu/fisheries/press/eu-fish-market-2019-edition-out-everything-you-wanted-know-about-eu-market-fish-and-seafood_en
https://ec.europa.eu/fisheries/press/eu-fish-market-2019-edition-out-everything-you-wanted-know-about-eu-market-fish-and-seafood_en
https://ec.europa.eu/fisheries/press/eu-fish-market-2019-edition-out-everything-you-wanted-know-about-eu-market-fish-and-seafood_en
https://ec.europa.eu/fisheries/sites/fisheries/files/docs/publications/impact_assessment_discard_policy_2007_en.pdf
https://ec.europa.eu/fisheries/sites/fisheries/files/docs/publications/impact_assessment_discard_policy_2007_en.pdf
https://ec.europa.eu/fisheries/sites/fisheries/files/docs/publications/impact_assessment_discard_policy_2007_en.pdf
https://doi.org/10.4060/ca9229en
https://www.dgrm.mm.gov.pt/esta
https://doi.org/10.5962/bhl.title.542
https://doi.org/10.5962/bhl.title.542


12  |    DUARTE et al.

Murray, J., & Burt, J. R. (1991). The composition of fish. Tory advisory note 
no: 38. Ministry of Technology, Torry Research Station.

Neves, A., Vieira, A. R., Sequeira, V., Paiva, R. B., & Gordo, L. S. (2018). 
Insight on reproductive strategy in Portuguese waters of a com-
mercial protogynous species, the black seabream Spondyliosoma 
cantharus (Sparidae). Fisheries Research, 206, 85–95.

Nielsen, S. S. (2010). Food analysis (4th ed.). Springer (Part II).
Nogueira, N., Cordeiro, N., & Aveiro, M. J. (2013). Chemical composi-

tion, fatty acids profile and cholesterol content of commercialized 
marine fishes captured in northeastern Atlantic. Journal of Fisheries 
Science, 7, 271–286. https://doi.org/10.3153/jfscom.2013029

NP 4424. (2004). Fishery and aquaculture products. Sample preparation for 
physical-chemical analysis. Portuguese Quality Institute.

NP 282. (1991). Fishery and aquaculture products. Determination of mois-
ture content. Portuguese Quality Institute.

NP 2032. (1988). Fishery and aquaculture products. Determination of ash 
content. Portuguese Quality Institute.

NP 4488. (2009). Fishery and aquaculture products. Determination of total 
nitrogen content and calculation of crude protein content. Portuguese 
Quality Institute.

Ondo-Azi, A. S., Kumulungui, B. S., Mewono, L., Mbina Koumba, A., & 
Ella Missang, C. (2013). Proximate composition and microbiologi-
cal study of five marine fish species consumed in Gabon. African 
Journal of Food Science, 7, 227–231.

Papaconstantinou, C. (1981). Age and growth of piper, Trigla lyra, in 
Saronikos gulf (Greece). Cybium, 5, 73–87.

Pérez Roda, M. A., Gilman, E., Huntington, T., Kennelly, S. J., Suuronen, P., 
Chaloupka, M., & Medley, P. (2019). A third assessment of global ma-
rine fisheries discards. FAO fisheries and aquaculture technical paper, 
no: 633. FAO.

Regulation (EU) No 1380 (2013). Common Fisheries Policy, official jour-
nal of the European union, L 354/22.

Rodríguez, C., Acosta, C., Badía, P., Cejas, J. R., Santamaría, F. J., & 
Lorenzo, A. (2004). Assessment of lipid and essential fatty acids 
requirements of black seabream (Spondyliosoma cantharus) by com-
parison of lipid composition in muscle and liver of wild and captive 
adult fish. Comparative Biochemistry Physiology, Part B, 139, 619–629.

Sequeira, V., Neves, A., Paiva, R. B., Vieira, A. R., Canário, A., & Gordo, 
L. S. (2015). Diversity of sexual strategies of fish species caught 
by bottom trawl off the western Iberian Peninsula. Marine Biology 
Research, 11, 361–374.

Sequeira, V., Couto, E., Neves, A., Vieira, A. R., Canario, A., & Gordo, L. 
S. (2020). Fecundity and sex steroid profile in boarfish Capros aper. 
Marine and Freshwater Research, 72, 140–148.

Silva, F., Duarte, A. M., Mendes, S., Magalhães, E., Pinto, F. R., Barroso, S., 
Neves, A., Sequeira, V., Vieira, A. R., Gordo, L., & Gil, M. M. (2020). 
Seasonal sensory evaluation of low commercial value or unex-
ploited fish species from the Portuguese coast. Food, 9, 1880.

Silva, F., Duarte, A. M., Mendes, S., Borges, P., Magalhães, E., Pinto, F. R., 
Barroso, S., Neves, A., Sequeira, V., Vieira, A. R., Magalhães, M. F., 
Rebelo, R., Assis, C., & Gordo, L. S. (2021). Adding value to bycatch 

fish species captured in the Portuguese coast – Development of 
new food products. Food, 10, 68.

Šimat, V., Bogdanović, T., Krželj, M., Soldo, A., & Maršić-Lučić, J. (2012). 
Differences in chemical, physical and sensory properties during 
shelf life assessment of wild and farmed gilthead sea bream (Sparus 
aurata, L.). Journal of Applied Ichthyology, 28, 95–101.

Sousa, I. (2019). Life history parameters and valorisation of a low com-
mercial value fish species: The case study of piper gurnard, Trigla lyra 
Linnaeus 1758 (unpublished doctoral dissertation or master's thesis). 
Universidade do Algarve. http://hdl.handle.net/10400.1/13729

Spitz, J., Mourocq, E., Schoen, V., & Ridoux, V. (2010). Proximate com-
position and energy content of forage species from the Bay of 
Biscay: High- or low-quality food? ICES Journal of Marine Sciences, 
67, 909–915.

Taşbozan, O., & Gökçe, M. A. (2017). Fatty acids in fish. In C. Angel (Ed.), 
Fatty acids (pp. 145–159). Intech.

Ter Braak, C., Smilauer, P. (2002). CANOCO reference manual and 
CanoDraw for windows user's guide: Software for canonical com-
munity ordination (version 4.5). Microcomputer power.

Tilami, S. K., & Sampels, S. (2017). Nutritional value of fish: Lipids, 
proteins, vitamins, and minerals. Reviews in Fisheries Science and 
Aquaculture, 26, 243–253.

Trip, E. D. L., Clements, K. D., Raubenheimer, D., & Choat, J. H. (2014). 
Temperature-related variation in growth rate, size, maturation and 
life span in a marine herbivorous fish over a latitudinal gradient. 
Journal of Animal Ecology, 83, 866–875.

Vasconcelos, J., Faria, G., Freitas, R., & Gordo, L. S. (2017). Fecundity 
regulation strategy of the blue jack mackerel, Trachurus pictura-
tus (Bowdich, 1825), off Madeira Island (NE Atlantic). Fisheries 
Research, 190, 150–156.

Vasconcelos, J., Alves, A., Gouveia, E., & Faria, G. (2006). Age and growth 
of the blue jack mackerel, Trachurus picturatus Bowdich, 1825 
(Pisces: Teleostei) off Madeira archipelago. Arquipélago – Life Earth 
Science, 23A, 47–57.

Webster, M. M., Atton, N., Hart, P. J. B., & Ward, A. J. W. (2011). Habitat-
specific morphological variation among threespine sticklebacks 
(Gasterosteus aculeatus) within a drainage basin. PLoS One, 6, 
e21060.

Zar, J. H. (2010). Biostatistical analysis (5th ed.). Prentice-Hall/Pearson.

How to cite this article: Duarte, A. M., Silva, F., Mendes, S., 
Pinto, F. R., Barroso, S., Silva, E., Neves, A., Sequeira, V., 
Magalhães, M. F., Rebelo, R., Assis, C., Vieira, A. R., Gordo, L. 
S., & Gil, M. M. (2022). Seasonal study of the nutritional 
composition of unexploited and low commercial value fish 
species from the Portuguese coast. Food Science & Nutrition, 
00, 1–12. https://doi.org/10.1002/fsn3.2937

https://doi.org/10.3153/jfscom.2013029
http://hdl.handle.net/10400.1/13729
https://doi.org/10.1002/fsn3.2937

	Seasonal study of the nutritional composition of unexploited and low commercial value fish species from the Portuguese coast
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Sample collection and pretreatment
	2.2|Nutritional composition analysis
	2.2.1|Moisture content
	2.2.2|Ash content
	2.2.3|Total fat content
	2.2.4|Crude protein content

	2.3|Average percentage variation over the year
	2.4|Statistical analysis

	3|RESULTS AND DISCUSSION
	3.1|Characterization of the samples
	3.2|Nutritional composition
	3.2.1|Moisture content
	3.2.2|Ash content
	3.2.3|Fat content
	3.2.4|Protein content

	3.3|Seasonal variations in the nutritional composition

	4|CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES


