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Abstract: Information available on the chemical composition and nutritional value of commercialized 

marine fish is very limited. The aim of this study was to investigate major nutrients of raw fish 
muscle and liver. Protein, moisture ash and lipid content were estimated for 14 commercialized 
species captured in Northeastern Atlantic. Proximate compositions were found to be varied 
among the studied species. Cluster analysis revealed two major groups based on proximate 
composition. Pontinus kuhlii and Trachurus picturatus formed one group, while the second 
group was formed by ten other species. Protein content was high in all species, varying 
between 18.51% in Phycis phycis and 32.69 % in Diplodus sargus. Fat content, on the other 
hand, was low and fish could be considered lean (lipid content <4%). Muscle fatty acid 
compositions consisted of 26.2-35.8% saturated fatty acids (SFA), 10.5-37.6% 
monounsaturated fatty acids (MUFA) and 28.7-57.5% polyunsaturated fatty acids (PUFA). 
Fish livers presented lower amounts of PUFA’s than muscles, mainly due to a reduction of the 
docosahexaenoic acid (DHA) content. Cholesterol content in liver revealed significant 
differences, ranging from 0.05 ±0.01 mg/g in Scorpaena scrofa to 7.58 ±0.19 mg/g in 
Aphanopus carbo. In fish muscle, cholesterol was low and was not correlated with lipids, fatty 
acids or PUFA content of the muscle.  
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Özet: Kuzeydoğu Atlantik Denizi’ nden Avlanan Ticari Deniz 

Balıklarının Kimyasal Kompozisyonu, Yağ Asitleri Profili 
ve Kolestorol İçerikleri 
Ticari deniz balıklarının kimyasal kompozisyonu ve besinsel değeri üzerine mevcut bilgi çok 
sınırlıdır. Bu çalışmanın amacı işlenmemiş balık etlerinde ve karaciğerlerindeki besin 
bileşimlerinin belirlenmesidir. Protein, nem , kül ve yağ içerikleri Kuzeydoğu Atlantik’ de 
yakalanan 14 adet ticari öneme sahip türler için belirlenmiş, besin kompozisyonlarının çalışılan 
türler arasında farklılık arz ettiği tespit edilmiştir. Analizler besin kompozisyonuna göre iki 
büyük grubu ortaya koymuş, Pontinus kuhlii ve Trachurus picturatus türleri birinci grubu 
oluştururken diğer on adet balık türü diğer grubun üyelerini oluşturmuştur. Protein içeriği tüm 
türlerde yüksek değerlerde bulunmuş. Phycis phycis’ de % 18.51 ve Diplodus sargus’ da % 
32.69 olarak belirlenmiştir. Diğer yandan yağ içeriği düşük ve bu balıklar için kabul edilebilir 
(yağ içeriği % 4’ den az) olarak tespit edilmiştir. Balık ettindeki yağ asidlerinin % 26.2-35.8 
doymuş yağ asitlerinden, %10.5-37.6 tekli doymamış yağ asitlerinden ve %28.7-57.5 çoklu 
doymamış yağ asitlerinden oluştuğu da belirlenmiştir. Balıkların karaciğerleri etteki 
değerlerden daha düşük seviyede çoklu doymamış yağ asitlerini içermektedir. Bu durum 
çoğunlukla dokosahexaenoik asitin (DHA)  azalması nedeniyle meydana gelmiştir. 
Karaciğerdeki kolesterol içeriği Scorpaena scrofa türünde 0.05 ±0.01 mg/g ile Aphanopus 
carbo türüne kadar 7.58 ±0.19 mg/g değerleri arasında belirli farklılıklar sergilemiştir. Balık 
etlerindeki kolesterol seviyesi daha düşük olup  etteki yağ asitleri yada PUFA içeriğiyle ilişkili 
bulunmamıştır.  
Anahtar Kelimeler:  Kimyasal kompozisyon, Kolesterol, Yağ asitleri profili, Yağ, Deniz 

Balığı  

Introduction 
As compared to other food products, fish is an 

important constituent in the human diet that has 
been linked for several decades to health benefits. 
From a nutritional point of view, fish is 
considered a precious food item for its easy 
digestibility, high mineral, vitamin and protein 
content. Besides high quality protein, many 
marine fish species are known to have low levels 
of linoleic acid (C18:2n6) and linolenic acid 
(C18:3n3) and to be excellent dietary sources of 
polyunsaturated fatty acids (PUFAs), especially 
the long chain n-3 PUFAs eicosapentaenoic acid 
(EPA; C20:5n3) and docosahexaenoic acid 
(DHA; C22:6n3). EPA and DHA are essential 
constituents of human diets and are found in 
considerable amounts in fatty fish species like 
mackerel (Scomber colias), sardines (Clupea 
pilchardus), Atlantic salmon (Salmo salar), 
Albacore tuna (Orcynus albacora) and scabbard 
fish (Aphanopus carbo) (Leaf and Weber, 1988). 
In the last few decades, these long chain 
polyunsaturated fatty acids have gained attention 
because of the potential prevention of human 
coronary artery disease, improvement of retina 
and brain development (Crawford, 1993), and 
also decreased incidence of breast cancer, 
rheumatoid arthiritis, multiple sclerosis, psoriasis 
and inflammation (Kinsella, 1988).  

Based on the importance of fish as part of a 
healthy diet, an outstanding promotion of fish 
and seafood consumption as a predominant 
source of n-3 PUFAs has been published. As a 
consequence, in the last few years, fish demand 
has generally increased and contextually, a 
cultural change has been taking place in the food 
sector at both production and distribution levels. 
Today’s society consumers seem to be strongly 
conditioned by the search for quality but also, 
there has been an overall rise in the degree to 
which consumer choice is dictated by 
consideration of health benefits, food safety, 
environmental and animal welfare concerns. In 
the choice of different food items, the 
contribution of fundamental elements, such as 
proteins and lipids, tends to represent almost a 
common point of reference in the daily diet, 
because they are the best for growth and 
maintenance of the human organism (Reale et al., 
2006). However, in spite of the general 
acceptance of seafood high nutritional value, 
there is limited information available on the 
chemical and nutritional value of marine species. 
Moreover, there is a remarkable difference in the 
chemical composition (including fatty acids, 
cholesterol and minerals) between and within fish 
species, which depends on several factors 
including the region and the season of fishery; 
the sex and the age of the fish; stage of maturity, 
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individual variability and the food available to 
the fish (Özogul, et al., 2009). Moreover, the 
content of some fatty acids which varies within 
defined ranges, depends both on the species and 
the nature of the tissues under study (Rueda, et 
al., 1997). The relative importance of the lipid 
deposition sites varies markedly among fish 
species, and includes liver, perivisceral adipose 
tissue or the muscle, which is the only truly 
edible part. Liver and other visceral organs are 
taken out and discarded during the dressing of 
fish and this could mean the loss of important 
biochemical compounds of vital importance to 
the animal feed industry.  

The primary focus of this research was to 
investigate the proximate composition, 
cholesterol content and fatty acid profile of 
fourteen marine species captured in Northeastern 
Atlantic. The selected species used in this study 
represent approximately 56% of the 
commercialized species in Portugal and all have 
high relevancy for the fisheries economy of the 
country and for Mediterranean human diet.  

Materials and Methods      

Sampling 

Fourteen commercially important fish species 
were chosen and collected for determination of 
proximate composition. These were: black 
scabbard (Aphanopus carbo), lesser amberjack 
(Seriola fasciata), fork-beard (Phycis phycis), red 
scorpion fish (Scorpaena scrofa), white sea 
bream (Diplodus sargus), offshore rockfish 
(Pontinus kuhlii), bluefish (Pomatomus saltatrix), 
black tail comber (Serranus atricauda), pink 
dentex (Dentex gibbosus), red porgy (Pagrus 
pagrus), blue jack mackerel (Trachurus 
picturatus), Atlantic chub mackerel (Scomber 
colias), white trevally (Pseudocaranx dentex) and 
gilthead sea bream (Sparus aurata). Gilthead sea 
bream was included in this study, as to 
investigate any possible differences between wild 
and cultured fish. Fish were 1 or 2 days post-
captured on arrival at the laboratory and were 
maintained in ice during this period. Samples of 
each fish were weighted, gutted and filleted for 
determination of chemical composition. Livers of 
all fish were also collected for fatty acid and 
cholesterol determination. Prior to sample 
treatment, residual moisture was determined 
(Gibertini-Eurotherm dry weight balance) to 
correct to dry material (dm). The muscle tissue 
(edible muscle) and the livers material were 

freeze-dried (Savant freeze dry), milled, 
homogenized and stored in cold until analysis 
were made. Each muscle sample was analysed 
for moisture, ash, protein, cholesterol, lipid 
content and fatty acid profile.  

Muscle chemical composition 

The moisture (method 934.01) and ash 
content (method 942.05) were determined 
according to AOAC official methods (1990) and 
protein content was determined by the Kjeldahl 
method in a Kjeldahl Selecta Alcodest still 
equipment, using the nitrogen x 6.25 conversion 
factor. For the determination of total lipids, the 
milled samples were extracted with a mixture of 
chloroform-methanol (1:2; v/v), according to 
Bligh and Dyer (1959) method. The results were 
expressed as weight percent in the wet tissue, as a 
mean values ± standard deviation. 

Cholesterol analysis 

The extraction and quantification of 
cholesterol was based on the experimental 

procedure of Naemmi et al. (1995) as modified 
by Oehlenschläger (2000). The cholesterol was 
determined in a Agilent HP 6890 gas 
chromatograph equipped with a flame ionisation 
detector. The separation was carried out with 
helium as carrier gas in an HP-5 column (30 m of 
length, 0.32 mm i.d. and 0.25 µm film thickness). 
The column temperature was programmed to 
start at 100 ºC for 2 min and heating 15 ºC min-1 
until 280 ºC. The injection and detector were 
maintained at 285 ºC and 300ºC, respectively. 
Cholesterol was identified by comparing the 
relative retention times of peaks from samples 
with the standard. The quantification was made 
using the 5-α-Cholestane (Sigma) as internal 
standard and the results are expressed as mg per 
g of dry material, as a mean values ± standard 
deviation.  

Transesterification and fatty acids analyses 

Methyl esters fatty acids (FAMEs) were 
prepared according to the Lepage & Roy (1996) 
method, modified by Cohen et al. (1988). The 
FAMEs quantitative analyses were performed in 
a gas chromatograph (Agilent HP 6890) equipped 
with a flame ionisation detector and a mass 
selective detector (5973 Agilent). The separation 
was performed in a polyethylene glycol capillary 
column (Supercolwax-Supelco) with 30 m of 
length, 0.25 mm i.d. and 0.25 µm film thickness. 
The column is subjected to a temperature 
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program starting at 140 ºC for 5 min, heating 4 
ºC min-1 at 240 ºC, giving clear and good 
separation between the FAMEs. Samples fatty 
acids were identified by comparing the retention 
time of FAMEs with retention times of standard 
FAMEs mixtures and by comparison of their 
mass spectra with the equipment mass spectral 
library or their fragmentation profiles with 
published data. The results were calculated using 
the Agilent G1701DA ChemStation program and 
are expressed as mg per g of dry material or 
weight percent of the total fatty acids, as a mean 
values ± standard deviation. 

Chemicals 

All reagents and standards were of 99.9% 
purity and choromatographic grade (Merck, 
Sigma-Aldrich or Fluka). The FAMEs standards 
used for fatty acids identification was the Supelco 
37 components FAME Mix. 

Statistical analysis 

The obtained resulting data were presented as 
mean ± standard deviation (SD) of three 
separated determinations. The data were 
subjected to one-way analysis of variance 
(ANOVA) and if significant differences were 
found (p<0.05), Duncan’s multiple range test was 
used to rank the groups based on the chemical 
composition and in main fatty acids among the 
different species. Statistics was done using SPSS 
14.0 (2006) software package (SPSS; Chicago, 
IL). Within chemical composition, the different 
species were grouped or classified using 
hierarchical cluster analysis based on their 
similarities yielded in the data. Cluster analysis 
was displayed using average linkage between 
groups. The linkage in a dendrogram shows the 
order of similarity designated as Squared 
Euclidean distance. Correlation between 
cholesterol and fat content was determined using 
Pearson correlation coefficient (two-tailed).  

Results and Discussion 
Chemical composition of muscle samples of 

the target species is presented in Table 1. 
According to Murray & Burt (2001), the muscle 
of finfish contains 18 to 22 g of protein per 100 g 
of edible portion, which is consistent with the 
results found in this study. Protein content ranged 
from 18.5% in fork-beard to 32.7% in white sea 
bream. The last, together with gilthead sea 
bream, was significantly different from the 
remaining species (p<0.05). Except for the above 

mentioned species, the observed variability in 
protein content among studied fish was not 
significant and could be explained by differences 
in feeding habits, age and sex of the fish or fat 
and water contents of the flesh.  

Highest lipid content was found in gilthead 
sea bream (4.3%) followed by white sea bream 
(3.8%), whereas red porgy and pink dentex 
presented the lowest lipid content (c.a. 0.7%) 
(Table 1). Red porgy results are consistent with 
the results found by Rueda et al. (1997) for the 
same species (0.65%). The higher lipid content in 
gilthead sea bream may be explained by the fact 
that specimen of this species were obtained from 
fish farms, meaning that fish were fed 
commercial pellets, with biochemical 
composition very distinct from natural food 
items, especially regarding the amount of lipids. 
Nevertheless, seabream results from our study 
presented lower lipid content than what Yildiz 
(2008) and Baki et al. (2009) found in cultured 
seabream (9.5% and 10.1%, respectively).  

According to our results and based on the 
classification cited by Ackman (1990) with the 
exception of gilthead sea bream, all of the 
analyzed fish can generally be considered as 
‘lean’ or ‘low fat’ fish.  

Water content is a good indicator of the 
relative content of energy, protein and lipids in 
the fish. A linear relation between water and lipid 
contents has been determined for various species 
(Clupea harengus, Stroud, 1972; Merluccius 
hubbsi, Scomber japonicus marplatensis, 
Engraulis achota, Calabrese, 1966). Love (1970) 
and Stroud (1972) have also shown the relation 
between protein and water contents for Gadus 
morhua and Clupea harengus, respectively. The 
establishment of these correlations could be 
useful to estimate one of the contents based on 
the determination of the other. Based on the 
abovementioned, it is generally agreed that the 
lower the percentage of water, the greater lipids 
and protein contents and higher the energy 
density of the fish. In the present work, muscle 
moisture content, varied between 58.1% and 
78.6%. Though statistically not significantly 
correlated (p>0.05; r= -0.25), an inverse trend 
between water content and protein was noticed. 
Fish with higher moisture content presented less 
protein content, meaning that white sea bream 
presented the lowest moisture content (58.1%), 
followed by offshore rockfish (62.3%), while 
fork-beard presented the highest water content 
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(78.6%), followed by black scabbard and pink 
dentex with 76.4% and 76.2%, respectively 
(Table 1). No significant correlation was found 
for lipid and moisture content (p>0.05; r= -0.06).  

Cluster analysis performed for chemical 
composition is shown in Figure 1. The 
dendrogram was classified into groups by 
arbitrarily applying the Squared Euclidean 
Distance method. Of the 14 analysed species, 
gilthead sea bream had the least similarity with 
the other species, followed by white wea bream. 
In addition, cluster results revealed two major 

groups; one constituted by offshore rockfish and 
blue jack mackerel and a second group composed 
by the ten remaining species. Within this group, 
an obvious and very similar cluster was formed 
between red scorpion fish, white trevally, 
bluefish and black tail comber. The dissimilarity 
of gilthead sea bream and white sea bream may 
be related with nutritional aspects. White sea 
bream is an omnivorous species that has different 
nutrient requirements than the remaining species 
that are mainly hunting predators.  

 
 
 
Table 1. Chemical composition of 14 commercialized fish species captured in north-eastern Atlantic1. 

Fish species Moisture Ash Protein Lipid 

Black scabbard 76.42 ± 0.47ef 1.40 ± 0.01bc 19.64 ± 1.16bc 0.79 ± 0.11bc 

Lesser amberjack 74.31 ± 0.14def 1.48 ± 0.06ab 21.15 ± 1.29bc 2.58 ± 0.15f 

Fork-beard 78.60 ± 0.52f 1.31 ± 0.01bc 18.51 ± 0.58bc 0.81 ± 0.08c 

Red scorpion fish 71.55 ± 2.65de 1.79 ± 0.01cd 24.65 ± 0.98bc 0.76 ± 0.04ab 

White sea bream 58.05 ± 1.85a 2.33 ± 0.06a 32.69 ± 1.14ab 3.82 ± 0.32d 

Offshore rockfish 62.27 ± 2.17b 2.75 ± 0.02f 30.94 ± 1.74bc 0.88 ± 0.05a 

Bluefish 68.83 ± 3.33cd 1.96 ± 0.01cd 26.60 ± 1.20bc 1.12 ± 0.02c 

Black tail comber 68.39 ± 2.48cd 1.99 ± 0.02cd 27.88 ± 0.44c 1.07 ± 0.07bc 

Pink dentex 76.21 ± 1.12ef 1.59 ± 0.10e 20.45 ± 0.86bc 0.74 ± 0.06bc 

Red porgy 72.43 ± 1.27ef 1.95 ± 0.05de 22.89 ± 2.23bc 0.73 ± 0.10d 

Blue jack mackerel 74.97 ± 1.63bc 1.65 ± 0.00bc 21.00 ± 1.29bc 1.87 ± 0.04e 

Atlantic chub mackerel 64.57 ± 4.92de 2.18 ± 0.01f 28.71 ± 2.11bc 3.17 ± 0.18ab 

White trevally 70.97 ± 4.93de 1.58 ± 0.04a 24.66 ± 0.63bc 1.00 ± 0.04c 

Gilthead sea bream 71.67 ± 1.20de 1.73 ± 0.06bc 20.64 ± 1.37a 4.33 ± 0.20g 

1Results expressed as weight % in ground tissue wet weight. Values in the same column with different letters are 
significantly different by Duncan’s test at α=0.05. 
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Figure 1.  Dendogram on Hierarchical Cluster Analysis results concerning the classification of fish 

species based on their chemical composition (Squared Euclidean Distance method). 
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The fatty acid profile was determined by Gas 
Chromatography and a total of 30 FAMEs were 
detected in the fish samples under study. Table 2 
summarizes the fatty acid percentage distribution 
(% w/w of total fatty acids) in the muscle of the 
analyzed species. Results show that the 
percentage of fatty acids varied widely among the 
considered fish species, ranging from 26.2% to 
35.8% saturated (SFAs); 10.5% to 37.6% 
monounsaturated (MUFAs) and 28.7% to 57.5% 
polyunsaturated (PUFAs) fatty acids. Among 
them, those occurring in higher proportions were 
palmitic acid (C16:0; 18-26%) and stearic acid 
(C18:0; 4-10%) as SFAs; oleic acid (C18:1; 9-
26%) as MUFAs and docohexaeanoic acid 
(C22:6n-3; 15-48%) as PUFAs. It was also 
observed that the proportion of these fatty acids 
changed significantly between species (p<0.05). 
Palmitic acid contributed 61.2-72.2% of the total 
SFAs in all species, presenting the highest 
proportion in fork-beard and lowest in Atlantic 
chub mackerel. Oleic acid, the most represented 
of the MUFAs for all species, accounted for 
68.6% of total MUFAs in Atlantic chub mackerel 
and 87.5% in bluefish. This acid has particular 
importance in human feeding for the stimulation 
of bile secretion, which is necessary for digestion 
and absorption of fats (Reale et al., 2006). As 
expected, the major PUFA were docosahexaenoic 
acid (DHA, C22:6n-3) and eicosapentaenoic acid 
(EPA, C20:5n-3). These two fatty acids, for 
which marine fish lipids are well known to be 
rich in, play a vital role in human nutrition and 
disease prevention. In fact, general 
recommendations for daily dietary intakes of 
DHA/EPA ratios have been established. DHA 
maximum content was found in red porgy, 
accounting for 82.9% of total PUFAs, whereas 
reared gilthead sea bream, followed by white sea 
bream, presented the lowest DHA content (14.8% 
and 15.6%, respectively). Again, DHA content in 
cultured seabream and white seabream may be 
correlated with dietary sources. Indeed, Sargent 
& Henderson (1995) already established the 
transmission of fatty acids through marine food 
webs and showed that the fatty acid composition 
of the fish is highly influenced by the lipids in 
fish diets. EPA, which was not detected in black 
tail comber and red porgy, presented its highest 
content in Atlantic chub mackerel (5.9%), 
accounting for 13.1% of total PUFAs. 
Interestingly, Atlantic chub mackerel was also 
found to be the species with lower proportion of 
palmitic acid in total SFAs (61.2%) and oleic 

acid in total MUFAs (68.6%). Analyses of red 
scorpion fish results revealed a lower proportion 
of EPA in total PUFAs than what Özogul & 
Özogul (2007) found for the same species. On the 
other hand, Reale et al. (2006), also working with 
red scorpion fish, had similar results to those 
found in our study. Differences found between 
studies enlighten the natural variability in fatty 
acid compositions of different individual fish of 
the same species. Furthermore, it is known that 
marine fish can neither synthesize DHA and EPA 
de novo, nor from shorter chain precursors such 
as C18:3n-3. Based on this assumption, 
differences found in DHA and EPA percentages 
for the same species, by different authors, may be 
owned due to a multitude of factors, such as food 
available to the fish, location of catch, and size of 
the fish, individual variability, fishing season or 
even starvation (Lie and House, 1992). Fish are 
the main contributors of n-3 PUFAs for the 
human diet. Minimum value of recommended 
PUFA/SFA ratio is 0.45 (HMSO, 1994), which is 
lower than those obtained for all fish species 
considered in this study. The highest PUFA/SFA 
ratio obtained was in red porgy (1.89), followed 
by pink dentex (1.73), whereas the lowest values 
were found on white sea bream (0.81), lesser 
amberjack (1.15) and blue jack mackerel (1.20) 
(Table 2). 
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Table 2. Muscle fatty acids profile of 14 commercialized fish species captured north-eastern Atlantic1. 
Fatty acids Black scabbard Lesser amberjack Fork-beard Red scorpion fish White sea bream Offshore rockfish Bluefish 
C14:0 0.984 ± 0.070 3.092 ± 0.086 0.605 ± 0.021 0.979 ± 0.044 3.501 ± 0.097 0.445 ± 0.034 0.421 ± 0.017 
C16:0 18.585 ± 0.146bc 22.376 ± 0.428def 22.595 ± 0.335def 24.004 ± 0.816efg 25.627 ± 0.219g 21.673 ± 0.552def 23.244 ± 0.659def 

C18:0 6.638 ± 0.096 7.564 ± 0.131 7.750 ± 0.113 9.215 ± 0.130 5.509 ± 0.020 9.098 ± 0.100 9.676 ± 0.119 
Others 0.464 ± 0.036 1.343 ± 0.110 0.333 ± 0.006 0.336 ± 0.030 1.036 ± 0.029 0.930 ± 0.051 0.291 ± 0.009 

Total SFA 26.671 ± 0.136b 34.375 ± 0.421efg 31.283 ± 0.421bcde 34.533 ± 0.878defg 35.673 ± 0.277fg 32.145 ± 0.556cdef 33.631 ± 0.833cdef 

C16:1 1.388 ± 0.106 5.131 ± 0.190 1.854 ± 0.079 2.086 ± 0.178 9.152 ± 0.106 1.796 ± 0.143 1.367 ± 0.148 
C18:1 25.940 ± 2.427bcd 18.676 ± 0.347cd 13.417 ± 0.094abc 11.432 ± 0.137ab 24.736 ± 0.207de 13.445 ± 0.109bcd 12.767 ± 0.395abc 

C20:1 5.857 ± 0.332 1.772 ± 0.148 0.436 ± 0.033 0.455 ± 0.007 1.336 ± 0.035 0.389 ± 0.026 0.450 ± 0.012 
Others 4.443 ± 0.353 0.487 ± 0.007 0.184 ± 0.013 0.108 ± 0.010 0.373 ± 0.008 0.000 ± 0.000 0.000 ± 0.000 

Total MUFA 37.628 ± 3.219cde 26.066 ± 0.093def 15.892 ± 0.112abcd 14.081 ± 0.370ab 35.597 ± 0.306ef 15.630 ± 0.200abcd 14.584 ± 0.608abc 

C18:2n6 0.336 ± 0.033 1.196 ± 0.056 0.390 ± 0.037 0.721 ± 0.055 3.925 ± 0.037 0.615 ± 0.041 0.473 ± 0.057 
C18:3n3 0.000 ± 0.000 0.393 ± 0.004 0.000 ± 0.000 0.000 ± 0.000 0.626 ± 0.008 0.000 ± 0.000 0.000 ± 0.000 
C20:3n6 0.000 ± 0.000 0.071 ± 0.004 0.000 ± 0.000 0.000 ± 0.000 0.106 ± 0.009 0.000 ± 0.000 0.000 ± 0.000 
C20:4n3 0.000 ± 0.000 0.661 ± 0.019 0.214 ± 0.019 0.285 ± 0.007 0.307 ± 0.027 0.178 ± 0.039 0.115 ± 0.001 
C20:5n3 (EPA) 3.065 ± 0.212cd 3.821 ± 0.048cd 4.563 ± 0.034cd 3.564 ± 0.174cd 3.167 ± 0.095bc 3.249 ± 0.086bc 3.063 ± 0.104bc 

C22:5n6 0.498 ± 0.034 1.259 ± 0.052 1.467 ± 0.014 2.660 ± 0.173 0.690 ± 0.031 2.288 ± 0.013 1.952 ± 0.003 
C22:5n3 1.102 ± 0.067 2.958 ± 0.075 1.678 ± 0.010 2.222 ± 0.144 1.923 ± 0.027 2.268 ± 0.025 1.342 ± 0.079 
C22:6n3 (DHA) 27.239 ± 2.517bcde 27.559 ± 0.081abc 41.834 ± 0.623cde 38.097 ± 1.130cde 15.618 ± 0.081ab 38.702 ± 0.121cde 40.008 ± 2.136de 

Others 3.462 ± 0.285 1.641 ± 0.105 2.678 ± 0.070 3.838 ± 0.131 2.277 ± 0.050 4.925 ± 0.369 4.832 ± 0.136 
Total PUFA 35.702 ± 3.083bc 39.559 ± 0.148ab 52.824 ± 0.616bc 51.386 ± 0.336c 28.730 ± 0.352a 52.224 ± 0.301bc 51.785 ± 1.982c 

∑n-3 34.868 ± 3.081cd 36.527 ± 0.298bc 50.684 ± 0.398cd 47.744 ± 0.657d 23.542 ± 0.392ab 48.972 ± 0.154cd 48.968 ± 1.473d 

∑n-6 0.834 ± 0.0013a 2.937 ± 0.189a 2.140 ± 0.125a 3.633 ± 0.128a 5.142 ± 0.044a 3.253 ± 0.184a 2.817 ± 0.102a 

(n-3)/(n-6) 41.812 ± 3.628c 12.474 ± 0.740ab 23.747 ± 0.340b 13.179 ± 0.895ab 4.578 ± 0.092a 15.119 ± 0.029ab 17.434 ± 0.480ab 

n-3 HUFA 34.868 ± 3.081cd 36.134 ± 0.227bc 50.684 ± 0.398cd 47.744 ± 0.657d 22.916 ± 0.396ab 48.972 ± 0.154cd 48.968 ± 1.473d 

PUFA/SFA 1.339 ± 0.024bcd 1.151 ± 0.028ab 1.689 ± 0.035bcd 1.488 ± 0.059bcd 0.805 ± 0.015a 1.625 ± 0.041bcd 1.540 ± 0.079cd 

1 Results expressed as % of total fatty acid methyl esters. Values in the same column with different letters are significantly different by Duncan’s test at α=0.05. 
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Table 2. (Cont.). Muscle fatty acids profile of 14 commercialized fish species captured north-eastern Atlantic1. 
Fatty acids Black tail comber Pink dentex Red porgy Blue jack mackerel Atlantic chub mackerel White trevally Gilthead sea bream 

C14:0 3.124 ± 0.270 0.633 ± 0.064 0.418 ± 0.009 2.37 ± 0.057 2.681 ± 0.074 2.444 ± 0.218 3.333 ± 0,056 

C16:0 24.126 ± 1.355fg 23.234 ± 0.697ef 20.816 ± 0.229cde 21.86 ± 0.296ab 18.791 ± 0.528bc 21.719 ± 0.491bcd 18.316 ± 0.141a 

C18:0 7.603 ± 0.600 8.511 ± 0.038 8.838 ± 0.055 7.73 ± 0.080 7.662 ± 0.413 9.241 ± 0.272 4.064 ± 0,066 

Others 0.912 ± 0.093 0.391 ± 0.017 0.370 ± 0.018 1.70 ± 0.078 1.555 ± 0.149 0.442 ± 0.025 0.433 ± 0,028 

Total SFA 35.766 ± 2.259g 32.769 ± 0.655cdef 30.442 ± 0.262cdef 33.67 ± 0.427bcd 30.688 ± 1.096bc 33.795 ± 0.437cdef 26.146 ± 0.173a 

C16:1 3.921 ± 0.320 1.309 ± 0.070 1.707 ± 0.040 4.34 ± 0.127 4.073 ± 0.190 3.150 ± 0.319 5.531 ± 0,045 

C18:1 13.281 ± 1.065abc 8.553 ± 0.467a 10.366 ± 0.043bcd 20.28 ± 0.180bcd 16.655 ± 0.757ab 13.902 ± 0.438abc 23.973 ± 0.099e 

C20:1 0.000 ± 0.000 0.653 ± 0.011 0.000 ± 0.000 1.36 ± 0.042 2.867 ± 0.243 0.000 ± 0.000 2.519 ± 0,080 

Others 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.14 ± 0.003 0.695 ± 0.031 0.191 ± 0.007 0.446 ± 0,034 

Total MUFA 17.202 ± 1.364abcd 10.515 ± 0.813a 12.073 ± 0.066bcde 26.11 ± 0.353bcde 24.291 ± 1.186abc 17.389 ± 0.887abcd 32.469 ± 0,069f 

C18:2n6 0.874 ± 0.049 0.786 ± 0.025 0.000 ± 0.000 0.91 ± 0.029 1.312 ± 0.058 1.174 ± 0.076 16.877 ± 0.148 

C18:3n3 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.20 ± 0.004 0.499 ± 0.004 0.343 ± 0.038 1.390 ± 0.052 

C20:3n6 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.19 ± 0.007 0.065 ± 0.003 0.000 ± 0.000 0.000 ± 0.000 

C20:4n3 0.787 ± 0.018 0.140 ± 0.008 0.000 ± 0.000 0.37 ± 0.014 0.633 ± 0.016 0.000 ± 0.000 0.514 ± 0.009 

C20:5n3 (EPA) 0.000 ± 0.000 1.879 ± 0.066ab 0.000 ± 0.000 4.10 ± 0.017d 5.904 ± 0.064ab 4.707 ± 0.017cd 4.124 ± 0.077cd 

C22:5n6 1.664 ± 0.018 2.933 ± 0.095 2.063 ± 0.053 1.40 ± 0.028 1.724 ± 0.116 2.691 ± 0.281 0.106 ± 0.009 

C22:5n3 4.539 ± 0.362 2.317 ± 0.063 1.702 ± 0.015 2.41 ± 0.005 2.021 ± 0.152 3.221 ± 0.115 2.877 ± 0.139 

C22:6n3 (DHA) 37.025 ± 1.460cde 45.207 ± 0.498e 47.698 ± 0.171cde 28.46 ± 0.534bcd 29.836 ± 0.117e 29.478 ± 2.362cde 14.814 ± 0.078a 

Others 2.142 ± 0.037 3.586 ± 0.125 6.024 ± 0.098 2.09 ± 0.038 2.848 ± 0.092 7.526 ± 0.455 0.682 ± 0.059 

Total PUFA 47.031 ± 0.006bc 56.716 ± 0.536c 57.486 ± 0.308 40.22 ± 0.722abc 45.021 ± 0.155c 48.816 ± 2.066 41.385 ± 0.100ab 

∑n-3 43.941 ± 3.606cd 52.673 ± 0.784d 54.976 ± 0.262cd 37.05 ± 0.637cd 40.878 ± 2.322d 44.858 ± 2.080cd 24.054 ± 0.305a 

∑n-6 3.026 ± 0.036a 4.044 ± 0.141a 2.509 ± 0.112a 3.12 ± 0.126a 4.023 ± 0.189a 4.405 ± 0.552a 17.331 ± 0.191b 

(n-3)/(n-6) 14.519 ± 0.109ab 13.117 ± 0.465ab 21.943 ± 1.046ab 11.89 ± 0.656ab 10.184 ± 0.649b 10.064 ± 1.269ab 1.388 ± 0.032ab 

n-3 HUFA 43.941 ± 3.606cd 52.673 ± 0.784d 54.976 ± 0.262cd 36.85 ± 0.648cd 40.379 ± 2.324d 44.668 ± 2.151cd 22.664 ± 0.275 

PUFA/SFA 1.315 ± 0.183abc 1.731 ± 0.040cd 1.888 ± 0.029abcd 1.195 ± 0.126bcd 1.467 ± 0.024d 1.444 ± 0.053bcd 1.583 ± 0.016bcd 

1 Results expressed as % of total fatty acid methyl esters. Values in the same column with different letters are significantly different by Duncan’s test at α=0.05. 
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Table 3. Liver fatty acids profile of 14 commercialized fish species captured in north-eastern Atlantic1. 

Fatty acids Black scabbard Lesser amberjack Fork-beard Red scorpion fish White sea bream Offshore rockfish Bluefish 

C14:0 1.381 ± 0.02 0.043 ± 0.002 0.037 ± 0.003 0.064 ± 0.001 3.414 ± 0.053 2.172 ± 0.004 1.641 ± 0.057 
C16:0 12.393 ± 0.393a 21.218 ± 0.129e 19.600 ± 0.289d 16.551 ± 0.119c 26.638 ± 0.190h 19.695 ± 0.250d 36.318 ± 0.840k 

C18:0 5.379 ± 0.21 6.518 ± 0.586 5.939 ± 0.053 4.387 ± 0.008 8.146 ± 0.011 7.524 ± 0.018 9.259 ± 0.195 
Others 1.370 ± 0.02 3.339 ± 0.199 3.320 ± 0.083 2.754 ± 0.003 1.424 ± 0.019 4.180 ± 0.024 3.763 ± 0.080 

Total SFA 20.523 ± 0.602a 31.118 ± 0.916d 28.895 ± 0.427c 23.756 ± 0.110b 39.622 ± 0.272f 33.570 ± 0.212e 50.981 ± 0.899h 

C16:1 3.154 ± 0.11 6.544 ± 0.450 5.735 ± 0.132 8.771 ± 0.151 7.225 ± 0.067 6.756 ± 0.020 2.715 ± 0.147 
C18:1 43.364 ± 1.053k 21.856 ± 0.165ef 28.110 ± 0.218i 23.145 ± 0.062g 29.318 ± 0.092j 22.556 ± 0.033fg 8.884 ± 0.067a 

C20:1 9.377 ± 0.39 2.107 ± 0.199 2.679 ± 0.020 2.974 ± 0.053 1.997 ± 0.029 3.055 ± 0.050 1.246 ± 0.037 
Others 5.523 ± 0.09 1.598 ± 0.152 2.108 ± 0.001 1.578 ± 0.080 0.827 ± 0.024 1.589 ± 0.047 0.353 ± 0.010 

Total MUFA 61.417 ± 1.420i 32.106 ± 0.066e 38.632 ± 0.368h 36.467 ± 0.043g 39.367 ± 0.106h 33.955 ± 0.084f 13.198 ± 0.261a 

C18:2n6 0.569 ± 0.03 1.814 ± 0.064 1.135 ± 0.014 1.052 ± 0.011 2.364 ± 0.003 1.177 ± 0.026 0.379 ± 0.021 
C18:3n3 0.046 ± 0.00 0.721 ± 0.065 0.506 ± 0.004 0.341 ± 0.005 0.214 ± 0.002 0.213 ± 0.002 0.069 ± 0.001 
C18:4n3 0.018 ± 0.00 0.579 ± 0.076 0.604 ± 0.009 0.218 ± 0.001 0.057 ± 0.004 0.103 ± 0.008 0.018 ± 0.002 
C20:3n6 0.000 ± 0.00 0.111 ± 0.005 0.124 ± 0.006 0.165 ± 0.001 0.198 ± 0.002 0.132 ± 0.009 0.041 ± 0.004 
C20:4n6 0.082 ± 0.01 0.213 ± 0.014 0.185 ± 0.001 0.295 ± 0.024 0.069 ± 0.001 0.171 ± 0.013 0.099 ± 0.002 
C20:4n3 0.060 ± 0.00 0.983 ± 0.066 0.694 ± 0.010 1.238 ± 0.032 0.212 ± 0.004 0.808 ± 0.035 0.195 ± 0.015 
C20:5n3 (EPA) 2.004 ± 0.03a 6.039 ± 0.238h 4.893 ± 0.025g 3.456 ± 0.018de 2.197 ± 0.084ab 3.345 ± 0.027de 2.241 ± 0.089ab 

C22:5n6 0.268 ± 0.01 1.014 ± 0.012 1.321 ± 0.034 1.292 ± 0.008 0.666 ± 0.013 1.191 ± 0.024 0.999 ± 0.024 
C22:5n3 1.256 ± 0.02 2.448 ± 0.024 1.940 ± 0.064 5.326 ± 0.078 0.753 ± 0.016 3.429 ± 0.005 1.123 ± 0.025 
C22:6n3 (DHA) 10.799 ± 0.541ab 19.495 ± 0.491e 18.272 ± 0.661de 23.246 ± 0.024g 10.575 ± 0.206ab 17.117 ± 0.033d 25.055 ± 0.288h 

Others 2.957 ± 0.18 3.360 ± 0.023 2.795 ± 0.008 3.147 ± 0.036 3.705 ± 0.056 4.788 ± 0.101 5.602 ± 0.208 
Total PUFA 18.061 ± 0.818a 36.776 ± 0.982f 32.469 ± 0.790e 39.777 ± 0.067fgh 21.011 ± 0.378b 32.475 ± 0.128e 35.821 ± 0.638f 

∑n-3 16.651 ± 0.758a 32.484 ± 0.997e 28.435 ± 0.781d 35.484 ± 0.018f 16.630 ± 0.351a 28.826 ± 0.023d 33.865 ± 0.602ef 

∑n-6 1.208 ± 0.060a 3.784 ± 0.002i 3.493 ± 0.010gh 3.580 ± 0.049h 3.502 ± 0.022gh 3.369 ± 0.082g 1.766 ± 0.027b 

(n-3)/(n-6) 13.781 ± 0.062h 8.585 ± 0.268cd 8.141 ± 0.195c 9.913 ± 0.131ef 4.749 ± 0.070b 8.558 ± 0.202cd 19.174 ± 0.052j 

n-3 HUFA 16.587 ± 0.761a 31.141 ± 0.854d 27.280 ± 0.781c 34.808 ± 0.013f 16.221 ± 0.350a 28.320 ± 0.001c 33.611 ± 0.601ef 

PUFA/SFA 0.880 ± 0.014cd 1.182 ± 0.066g 1.124 ± 0.044g 1.674 ± 0.011h 0.530 ± 0.013a 0.967 ± 0.001f 0.703 ± 0.025b 

1 Results expressed as % of total fatty acid methyl esters. Values in the same column with different letters are significantly different by Duncan’s test at α=0.05. 
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Table 3 (cont.). Liver fatty acids profile of 14 commercialized fish species captured in north-eastern Atlantic 1. 

Fatty acids Black tail comber Pink dentex Red porgy Blue jack mackerel Atlantic chub 
mackerel White trevally Gilthead sea bream 

C14:0 0.132 ± 0.010 1.819 ± 0.007 1.201 ± 0.003 2.095 ± 0.057 3.968 ± 0.229 2.484 ± 0.172 2.914 ± 0.028 
C16:0 29.802 ± 0.301i 32.857 ± 0.143j 25.484 ± 1.294f 22.680 ± 0.148g 24.995 ± 0.995g 27.549 ± 0.413h 14.913 ± 0.013b 

C18:0 7.882 ± 0.178 15.227 ± 0.017 10.325 ± 0.026 8.010 ± 0.042 7.433 ± 0.502 7.946 ± 0.203 4.495 ± 0.243 
Others 5.054 ± 0.445 4.916 ± 0.014 5.213 ± 0.410 2.313 ± 0.104 3.653 ± 0.321 4.305 ± 0.060 1.423 ± 0.064 

Total SFA 42.871 ± 0.333g 54.820 ± 0.105i 42.223 ± 0.855e 35.098 ± 0.268f 40.049 ± 2.048g 42.285 ± 0.442g 23.745 ± 0.292b 

C16:1 6.724 ± 0.173 3.954 ± 0.013 3.521 ± 0.018 4.134 ± 0.163 6.461 ± 0.265 5.030 ± 0.109 7.042 ± 0.006 
C18:1 16.269 ± 0.059d 14.451 ± 0.185c 11.563 ± 0.748e 21.020 ± 0.072i 28.466 ± 0.564b 14.524 ± 0.293c 26.013 ± 0.038h 

C20:1 2.642 ± 0.084 1.594 ± 0.001 0.866 ± 0.063 2.109 ± 0.003 2.368 ± 0.200 0.388 ± 0.040 2.821 ± 0.074 
Others 1.312 ± 0.005 0.640 ± 0.000 1.175 ± 0.122 0.721 ± 0.010 1.762 ± 0.165 1.037 ± 0.004 2.644 ± 0.083 

Total MUFA 26.947 ± 0.035d 20.639 ± 0.174c 17.124 ± 0.951d 27.983 ± 0.098h 39.057 ± 1.194b 20.979 ± 0.228c 38.519 ± 0.125h 

C18:2n6 0.853 ± 0.004 1.093 ± 0.014 1.044 ± 0.097 0.966 ± 0.028 1.041 ± 0.012 1.505 ± 0.026 15.664 ± 0.133 
C18:3n3 0.237 ± 0.013 0.000 ± 0.000 0.093 ± 0.007 0.373 ± 0.002 0.385 ± 0.079 0.487 ± 0.041 1.748 ± 0.025 
C18:4n3 0.205 ± 0.022 0.000 ± 0.000 0.000 ± 0.000 0.172 ± 0.010 0.300 ± 0.005 0.217 ± 0.027 0.656 ± 0.009 
C20:3n6 0.081 ± 0.001 0.000 ± 0.000 0.122 ± 0.002 0.076 ± 0.001 0.037 ± 0.001 0.225 ± 0.010 0.282 ± 0.010 
C20:4n6 0.189 ± 0.005 0.000 ± 0.000 0.209 ± 0.012 0.197 ± 0.005 0.106 ± 0.002 0.150 ± 0.002 0.183 ± 0.007 
C20:4n3 0.747 ± 0.011 0.159  0.003 0.176 ± 0.021 0.929 ± 0.025 0.355 ± 0.036 0.390 ± 0.004 0.789 ± 0.003 
C20:5n3 (EPA) 4.245 ± 0.157f 2.661  0.0367bc 3.274 ± 0.303h 5.680 ± 0.106cd 2.980 ± 0.524de 3.644 ± 0.507e 2.941 ± 0.032cd 

C22:5n6 0.952 ± 0.019 0.736  0.012 0.648 ± 0.010 0.799 ± 0.009 0.627 ± 0.093 1.114 ± 0.058 0.341 ± 0.007 
C22:5n3 2.034 ± 0.017 0.777  0.026 1.504 ± 0.105 2.640 ± 0.003 1.227 ± 0.216 1.120 ± 0.093 2.869 ± 0.163 
C22:6n3 (DHA) 17.241 ± 0.117d 15.380  0.058c 26.066 ± 0.322f 21.577 ± 0.278b 11.904 ± 2.279h 19.746 ± 0.896e 9.194 ± 0.069a 

Others 3.398 ± 0.017 3.737  0.030 7.516 ± 0.230 3.511 ± 0.007 1.930 ± 0.164 8.137 ± 0.351 3.162 ± 0.123 
Total PUFA 30.183 ± 0.298d 24.541  0.069c 40.652 ± 0.096f 36.919 ± 0.366b 20.893 ± 3.247h 36.736 ± 0.214f 37.829 ± 0.284fg 

∑n-3 26.920 ± 0.328d 22.531 ± 0.083c 38.285 ± 0.171ef 34.083 ± 0.387ab 18.380 ± 3.164g 32.834 ± 0.081e 18.951 ± 0.246b 

∑n-6 2.568 ± 0.030f 2.010 ± 0.014c 2.309 ± 0.083 2.433 ± 0.032d 2.177 ± 0.102de 3.572 ± 0.137h 17.940 ± 0.090j 

(n-3)/(n-6) 10.483 ± 0.250fg 11.212 ± 0.120g 16.596 ± 0.673h 14.011 ± 0.341cd 8.419 ± 1.061i 9.199 ± 0.331de 1.056 ± 0.008a 

n-3 HUFA 26.303 ± 0.280c 22.531 ± 0.083b 38.192 ± 0.164ef 33.539 ± 0.398a 17.695 ± 3.238g 32.058 ± 0.021de 16.269 ± 0.249a 

PUFA/SFA 0.704 ± 0.012b 0.448   0.001a 0.963 ± 0.0185f 1.052 ± 0.108a 0.522 ± 0.017de 0.869 ± 0.014c 1.593 ± 0.0315h 

1 Results expressed as % of total fatty acid methyl esters. Values in the same column with different letters are significantly different by Duncan’s test at α=0.05 
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Table 4. Total fatty acids and cholesterol content in muscle and livers of 14 commercialized fish species captured in northeastern Atlantic 1 

Fish species 
Total fatty acids Cholesterol 

Muscle Liver Muscle Liver 

Black scabbard 10.68 ± 0.39a 235.30 ± 1.27d 1.50 ± 0.05de 7.58 ± 0.19 
Lesser amberjack 68.70 ± 4.16g 300.10 ± 16.87e 1.28 ± 0.02c 1.10 ± 0.08 
Forkbeard 17.82 ± 0.59c 597.27 ± 14.54g 1.49 ± 0.12de 0.74 ± 0.02 
Red scorpion fish 12.64 ± 0.37ab 688.63 ± 61.82h 1.28 ± 0.05c 0.05 ± 0.01 
White seabream 86.52 ± 4.29h 225.25 ± 2.70c 0.88 ± 0.09b n.d. ± n.d. 
Offshore rockfish 12.64 ± 0.25ab 146.08 ± 0.88b 1.58 ± 0.12ef n.d. ± n.d. 
Bluefish 13.23 ± 0.47ab 188.38 ± 2.81cd 1.37 ± 0.04cde 3.22 ± 0.21 
Blacktail comber 28.78 ± 2.62d 106.38 ± 1.54b 1.28 ± 0.12c n.d. ± n.d. 
Pink dentex 15.75 ± 0.37bc 48.81 ± 0.47a 1.24 ± 0.07c 2.38 ± 0.15 
Red porgy 50.11 ± 1.26e 133.55 ± 0.24b 1.33 ± 0.04cd n.d. ± n.d. 
Blue jack mackerel 63.83 ± 3.20f 292.92 ± 6.78e 1.74 ± 0.17f n.d. ± n.d. 
Atlantic chub mackerel 16.12 ± 1.95bc 56.56 ± 2.65a 0.58 ± 0.01a n.d. ± n.d. 
White trevally 19.84 ± 0.83c 133.32 ± 9.69b 1.37 ± 0.10cde 2.29 ± 0.15 
Gilthead sea bream 127.06 ± 6.31i 351.08 ± 12.09f 1.23 ± 0.09c 1.83 ± 0.02 
1 Results expressed as mg/g in dry matter. Values in the same column with different letters are significantly different by Duncan’s test at 
α=0.05. n.d.: not determined. 
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Numerous clinical and epidemiological 
studies have correlated the long term 
consumption of PUFAs of the n-3 series with 
reduced risk of heart disease and high blood 
pressure; prevention of blood clots, protection 
against cancer and even alleviation of depression. 
All of the studied species presented higher levels 
of n-3 fatty acids than those of the n-6 series, 
which is typical of marine fish. Σn-3 ranged from 
23.5% for white sea bream and reared sea bream 
(24.1%), to a maximum of 55.0% in red porgy. 
The significantly lower level of n-3 HUFAs in 
the farmed marine fish species is because the 
manufactured feed usually includes high 
proportions of lipids rich in SFAs and MUFAs, 
but deficient in n-3 PUFAs, naturally originated 
from marine phytoplankton and other 
microorganisms (Ackman and Takeuchi, 1986). 
As a consequence, low level of n-3 HUFAs in 
gilthead sea bream specimens may reduce the 
nutritional quality of their lipid components and 
effects on disease prevention. The level of the n-6 
series was found to be low, ranging from 0.8% in 
black scabbard to a maximum of 5.1% for white 
sea bream, excluding gilthead sea bream, as 
percentage of the n-6 series for this species was 
around 17.3%. Due to the observed values of the 
n-6 family, the ratio (n-3)/(n-6) was found to 
range from 1.39 for reared gilthead sea bream to 
41.81 in black scabbard. The use of dietary 
supplement containing essential fatty acids in a 
correct ratio (n-3)/(n-6) is very important for 
humans as it provides the body with useful 
assistance in dealing with a large number of 
systemic and cutaneous disorders (Tawfik, 2009). 
Alterations in the (n-3)/(n-6) ratio can alter the 
physico-chemical properties of the membranes, 
due to the competition of both the fatty acid 
series for the enzymes involved in the 
metabolism (Illingworth and Ullmann, 1990). 
Indeed, the (n-3)/(n-6) ratio has been suggested 
as good marker for comparing nutritional value 
of fish oils, being considered the most important 
indicator of fish lipid quality and best reflecting 
the quality of fish as food.  

Because of the increasing interest in fish 
nutritional value, investigators are also looking 
for good alternative sources of biomedical 
significant components to use as raw materials 
for products such as dietary supplements and 
pharmaceuticals. Fish hepatic lipids (fatty acid 
composition) may constitute a valid source of 

these biomedical components. Table 3 presents 
the livers fatty acid percentage distribution for all 
the analyzed species. Considering the most 
abundant SFAs, palmitic acid showed the lowest 
level for black scabbard (12.4%), whereas 
bluefish was found to have the highest percentage 
(36.3%). As in muscle, oleic acid was the most 
representative of MUFAs, varying between 8.9% 
for bluefish and 43.4% for black scabbard. The 
lowest proportion of oleic acid in total MUFAs 
was observed in black tail comber (60.4%) and 
the highest in blue jack mackerel (75.1%). 
Among the PUFAs, EPA showed the highest 
levels in lesser amberjack, followed by blue jack 
mackerel (6.0% and 5.7%, respectively), 
accounting for 16% and 15% of the total PUFAs, 
respectively. Statistically significant differences 
(p<0.05) were also observed among the species 
for the total of SFAs, MUFAs and PUFAs. Data 
reported on Table 3 highlights black scabbard as 
the species with the lowest SFAs (20.5%) and 
PUFAs (18.1%) content, distinct from pink 
dentex and red porgy, that presented the highest 
SFAs (54.8%) and PUFAs (40.7%) contents, 
respectively. Statistically significant differences 
were also observed among the different species 
for the PUFA/SFA ratio, namely between red 
scorpion fish (1.7) and pink dentex (0.5).  

As well as in fish muscle, liver showed a high 
content of PUFAs due to the high percentage of 
the n-3 series, especially DHA and EPA. The (n-
3)/(n-6) ratio was always >1 which is quite a 
satisfactory value for human diet.  

A general comparison between fish muscle 
and liver fatty acid composition allows us to 
comprehend that both muscle and liver presented 
very high SFAs percentage, considering that fish 
usually have relatively low contents of SFAs 
(<30%) (Ackman, 1989). Previously published 
studies concluded that a decrease in water 
temperature results in an increase in the degree of 
unsaturation. Higher SFA contents in found in 
our study may be related to the fact that total 
SFAs tend to increase in fish leaving in warm 
waters. Miniadis-Meimaroglou et al. (2007) 
reported that the Total SFAs of examined frozen 
red porgy (Senegal marine region, east Atlantic 
Ocean) was quite similar to the one reported for 
Sardinella madeirensis, Sardinella aurita and 
Cephalopoholis taeniops, also from the east 
Atlantic ocean, but higher than those of wild red 
porgy from north Aegean Sea. It was also 
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observed that a large group of the studied species 
tends to accumulate more SFAs and less PUFAs 
in the livers rather than in the muscle. While 
SFAs composition increases indiscriminately, 
PUFAs lower percentage in livers is owned 
mainly because of a lower proportion of DHA. 
Nevertheless, total fatty acid (mg/g sample, Table 
4) is significantly higher in liver than in muscle 
(mean total fatty acid content in livers was almost 
7 fold higher than in muscle), suggesting that 
livers should not be discarded as an alternative 
source of PUFAs for human diet. Besides PUFA 
contribution for the reduction of the appearance 
of cardiovascular diseases, a direct link exists 
between high levels of cholesterol and the 
incidence of heart diseases. Cholesterol content 
in liver revealed significant differences ranging 
from 0.05±0.01 mg/g in red scorpion fish to 
7.58±0.19 mg/g in black scabbard. Cholesterol 
content in the muscle was comparatively low and 
independent of fat content (p>0.05; r = 0.05), 
total fatty acid (p>0.05; r = -0.11) and total 
PUFA (p>0.05; r = 0.06). Of the seven species 
analysed for cholesterol content, red porgy 
presented the lowest value (0.58±0.01mg/g), 
whereas Atlantic chub mackerel presented the 
highest (1.74±0.17 mg/g), followed by offshore 
rockfish (1.58±0.12 mg/g). Mathew et al. (1999) 
studied cholesterol content of 97 Indian fish and 
found that 55% of the analyzed species had 
cholesterol contents between 45 and 65 mg/100 
(w/w), which is consistent with our findings. 
According to the World Health Organization 
(1982), the maximum recommended intake of 
cholesterol is 300 mg/day. Taking these facts into 
account and considering the existence of a linear 
relationship between dietary cholesterol and 
blood cholesterol in humans, emphasis on the 
importance of an increased consumption of fish 
or fish products must be taken, in order to reduce 
the risk of the earlier-mentioned diseases, 
especially cardiovascular diseases. 

Conclusions 
Consumer awareness regarding the nutritional 

value of food is increasing worldwide. Labelling 
of all marketed food products with their nutrient 
contents, in order to support consumer healthier 
regimes, is becoming mandatory, particularly in 
developed countries. The results of this study 
broaden the nutritional knowledge of several 
consumed species in Mediterranean countries. 
Although there were differences in lipid content 
and fatty acid composition, this study revealed 

that all of the analyzed species were considered 
to be low fat species (less than 4% of lipid 
content) and the majority of this fat is 
polyunsatured with high levels of omega-3 fatty 
acids, especially DHA and EPA. On the other 
hand, cholesterol levels, which are found high in 
most food rich in protein, including poultry, and 
red meat were found to be not significant in all of 
the investigated species. 

Seabream (Sparus aurata) is one of the most 
important cultured species around the 
Mediterranean. The inclusion of this species, in 
our study, proved that fish origin may influence 
its nutritional quality thus illustrating that fish 
fatty acid composition may be tailored depending 
on fish’s diet composition. 

As a conclusion, though fat, cholesterol and 
fatty acid composition of marine fish lipids is 
multifarious, (fish biological and physiological 
conditions, diet, water temperature and season), 
our results showed that all of the analysed 
species, are concomitant with the idea that fish 
can and should be included in diets for at least 
three reasons: as a general source of nutritional 
components; as low-fat and high protein food; 
and as an excellent source of polyunsaturated 
fatty acids.  

Moreover, fish consumption seems to be one 
way that could assist to implement four of the 
dietary guidelines currently recommended by 
various health organizations: eat a variety of 
foods, maintain desirable weight, and avoid too 
much fat (namely saturated) and cholesterol. 
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