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Abstract
The present study aimed to compare the nutritional quality of three fi sh species 

(Sparus aurata, Sarpa salpa, and Mullus barbatus) collected from the Bizerte lagoon (South 
Mediterranean coasts). Proximate composition, fatty acids and nutritional quality indices 
were determined. Results showed that the nutritional quality of the three fi sh follows this 
trend: S. aurata > S. salpa > M. barbatus. S. aurata had signifi cantly higher protein content 
(16.02 ± 2.01 mg/g ww), glycogen level (1.08 ± 0.16 mg/g ww), and lipid content (8.47 ± 
0.96 mg/g ww) which are rich in omega-3 fatty acids (47.34%). The Total Fatty Acid (TFA) 
profi le of S. aurata was dominated by Polyunsaturated Fatty Acids (PUFA) (70.34 ± 0.02%), 
followed by monounsaturated (MUFA) (20.72 ± 0.04%) and Saturated Fatty Acids (SFA) (9.03 
± 0.01%). The use of different Nutritional Quality Indices (NQI) (n-3/n-6 ratio, PUFA/SFA, 
EPA+DHA, Atherogenicity (AI) and Thrombogenicity (TI) indices) confi rmed that S. aurata is 
a good source of benefi cial Fatty Acids (FA) and an excellent source of nutrients. Overall, the 
consumption of S. aurata over S. salpa and M. barbatus is highly recommended and can be 
considered as a healthy food for human consumption.
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doi: 10.37871/jbres1757, Article ID: JBRES1757, Available at: https://www.jelsciences.com/articles/jbres1757.pdf

Introduction 
Coastal lagoons are very rich environments and are ranked among 

the most productive ecosystems in the world [1]. These ecosystems are 
reservoirs of biodiversity and ecological productivity. They play a role in 
maintaining marine fi sh stocks by providing essential nursery and refuge 
areas for many migratory species [2]. This functional role of nurseries is 
essential for the ichthyologic biodiversity of coastal lagoons and also of the 
related coastal areas. Mediterranean lagoons reveal a great variability of 
hydrodynamic and sedimentological conditions, a rapid evolution of their 
geomorphological framework as well as a great vulnerability [3]. These 
lagoons are ecosystems that are particularly sensitive to eutrophication 
under the direct infl uence of the quantity and quality of the effl  uents that 
fl ow into them. The development of these bodies of water of high socio-
economic value requires in-depth hydrobiological studies to understand 
their functioning and to estimate their trophic situation [4,5].
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Among these lagoons, the Bizerte Lagoon is 
one of the most important lagoons in Tunisia. It is 
characterized by its socio-economic importance at the 
regional and national scale [6]. It is greatly exploited, 
mainly in the fi eld of fi shing and it constitutes a very 
important fi shing and shellfi sh production area [4-
7]. Bizerte Lagoon is a nursery for several marine 
species and a privileged feeding ecosystem for other 
migratory species [8]. The fi shing exploitation of 
the lagoon of Bizerte started for decades, and its 
production has always been important and varied, 
because of its geographical position. Shellfi sh 
farming activities began around the 1950s with oyster 
farming (Crassostrea angulata), then with the oyster 
Ostrea edulis in 1958 followed by Crassostrea gigas 
in 1972. At the same time, mussel farming (Mytilus 
galloprovincialis) began in 1963 with clam grow-out 
activities (Ruditapes decussatus). Unfortunately, in 
recent decades, a clear decline in fi shery resources 
has been observed. This lagoon receives water 
loaded with urban waste from neighboring villages 
as well as industrial waste. The industrial activity in 
this lagoon is highly developed and diversifi ed (oil, 
steel, cement...) since it is chronically exposed to 
xenobiotics such as OCs, PAHs, PCBs and trace metals 
[9,10].

Fish are considered of good quality products 
thanks to their richness in lipids, fatty acids and 
other components such as proteins and vitamins. 
Several studies have demonstrated that fi sh lipids 
have benefi cial eff ects on human health, as they play 
an essential role in the development and function 
of certain organs, as well as in the biochemical and 
physiological responses of the organism [11,12]. They 
are also important for the defense and prevention 
of certain diseases [13,14]. The biochemical study of 
fi sh tissues is of considerable interest to assess their 
nutritional value in terms of energy units. Chemical 
components such as lipids, protein and water 
content are essential for evaluating the nutritional 
components, organoleptic quality and physiological 
state of fi sh [15]. Thus, the current work aimed to 
determine and compare the nutritional quality of 
three commercial fi sh species: sea bream (Sparus 
aurata), salema porgy (Sarpa salpa) and mullet (Mullus 
barbatus) that are available in the Tunisian market. 
The moisture, Ash, proteins, glycogen, lipids, FAs and 
Nutritional Quality Indices (NQI) were evaluated. 

Material and Methods 
Sampling and preparation 

In the Bizerte lagoon, three species of economically 
valuable fi sh, namely Sparus aurata (total weight = 
98.81 ± 8.39 g; total length = 18.39 ± 0.76 cm), Sarpa 
salpa (total weight = 76.05 ± 2.22 g; total = 15.19 ± 
1.15 cm) and Mullus barbatus (total weight = 81.22 ± 
1.09 g; total length = 17.29 ± 1.75 cm) were selected 
for the current study. These fi sh species are widely 
consumed in Tunisia and their prices are convenient 
for consumers compared to other fi sh species. In 
November 2021, for each species, a total of 30 mature 
individuals were purchased from local fi shermen. The 
samples were immediately brought to the laboratory 
of the Higher Institute of Fisheries and Aquaculture 
of Bizerte (ISPAB) inside a cooler container. After 
cleaning with distilled water to remove sediment 
debris, the fi sh specimens were dissected and gutted. 
The fl esh of each batch was removed and stored at 
-20°C for subsequent biochemical analyses.

Proximate composition

Moisture: Moisture content (%) was determined 
following the method of AOAC [16] by weight 
diff erence after heating the sample for 24 h at 105 ± 
2°C.

Ash: Ash content (%) was determined based on 
the method of AOAC [17] by dry-ashing the samples 
at 550 °C for 24 h.

Protein: Protein content (mg/g ww) was 
determined based on the bovine serum albumin used 
as standard according to the method of Lowry OH, et 
al. [18].

Glycogen: Glycogen level (mg/g ww) was estimated 
according to the colometric method described by 
Dubois M, et al. [19]. 

Lipid analysis 

Extraction: Lipid content was determined 
according to the method of Folch J, et al. [20] using 
a chloroform-methanol mixture (2:1, v/v) containing 
0.01% Butylhydroxytoluene (BHT). Then, a volume 
of 2 mL of Sodium chloride (NaCl; 15%) was added 
to facilitates the separation of the aqueous phase 
from the organic one. The mixture undergoes 
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centrifugation for 10 min at 15,000 rpm then the 
organic phase containing the lipids was collected in 
5 mL vials and stored at -30°C until the methylation 
step.

Methylation: 1 ml of hexane is added to 20 μL of 
lipids to solubilize the fatty acids in the organic phase 
according to the method of Cecchi G, et al. [21]. 500 μL 
of nonadecanoic acid (C 19) was used as the internal 
standard and 500 μL of sodium methylate were added. 
Then, 200 μL of sulfuric acid (H2SO4) and 1.5 mL of 
sodium chloride (15% solution) are added to separate 
the diff erent phases. After centrifugation at 4000 rpm 
for 10 min, the supernatant which contains esterifi ed 
fatty acids is stored at -30°C in vials.

Gas chromatographic characterization of FAMEs 
fraction 

The Fatty Acid Methyl Esters (FAMEs) were 
qualitatively and quantitatively analysed under GC-
FID conditions on Agilent Technologies GC (CA, USA), 
equipped with a split/splitless injector equipped with 
a fl ame ionization detector and a 30 m HP Innowax 
capillary column with an internal diameter of 250 
um and a 0.25 um fi lm thickness. Fatty acids were 
identifi ed through comparison of their retention 
times with those of a mixture of methyl esters (Supelco 
PUFA-3, Bellefonte, PA, USA) then integrated and 
analyzed using HP Chemstation software. The single 
fatty acids are expressed as a percentage (%).

Nutritional quality indices

In the current study, ratios and the sum of 
particular Fatty Acids (FA) were calculated to 
determine the Nutritional Quality Indices (NQI) of fi sh 
species: n-3/n-6 PUFA ratio, PUFA/SFA, DHA+EPA 
sum, Atherogenicity (AI) and Thrombogenicity (TI) 
indices were determined according to Marques A, et 
al. [22], Unusan N [23] and Ulbricht TL, et al. [24].

Statistical analysis

Data are presented as means ± Standard Deviation 
(SD) and were performed using the software R 
(package version 4.1.1). Each value was a mean of 10 
replications for moisture, Ash, proteins, glycogen, 
lipids and fatty acids. The homogeneity and normality 
of variables were checked then the one-way of variance 
(ANOVA) was used to determine the signifi cant 
diff erences between variables. The obtained results 
were considered signifi cant at p < 0.05. The Principal 

Components Analysis (PCA) was used to explore 
relationships between the whole dataset variables 
based on all biochemical compounds within diff erent 
fi sh species. 

Results
Moisture (%) 

A signifi cant variation in moisture between the 
studied fi sh was observed (Figure 1). S. salpa has the 
highest levels (65.55 ± 1.23%) compared to S. aurata 
(63.33 ± 2.17%, p < 0.01) and M. barbatus (61.11 ± 
6.02%, p < 0.001). 

Ash (%)

Our results showed a clear and signifi cant variation 
in ash content between the three fi sh species. S. salpa 
specimens have the highest ash content (22.40 ± 
1.04%) compared to S. aurata (20.32 ± 1.70%, p < 0.01) 
and M. barbatus specimens (19.98 ± 1.16%, p < 0.05) 
(Figure 2).

Biochemical composition

The fi sh S. aurata showed the highest glycogen 
content (1.08 ± 0.16 mg/g) compared to S. salpa (0.51 
± 0.15 mg/g, p < 0.05) and M. barbatus (0.34 ± 0.07 
mg/g, p < 0.001) (Figure 2). Similarly, the highest 
protein content with an average of 16.02 ± 2.01 mg/g 
was observed in S. aurata when compared to S. salpa 
(13.79 ± 2.16 mg/g, p < 0.05) and M. barbatus (11.57 
± 2.16 mg/g, p < 0.01). The same trend was observed 
for lipids, S. aurata showed the highest level (8.47 ± 
0.96 mg/g, p < 0.001) followed by S. salpa (5.93 ± 0.75 
mg/g, p < 0.001) and M. barbatus (1.48 ± 0.31 mg/g, p < 
0.001) (Figure 2). 

Figure 1 The map of the Bizerte lagoon (Northern Tunisia).
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Fatty acid profi le 

The FA profi le of the three fi sh is shown in table 
1. In M. barbatus, the Total Fatty Acid (TFA) profi le 
was dominated by Polyunsaturated Fatty Acids 
(PUFA) (54.82 ± 0.39%) followed by saturated (SFA) 
(33.21 ± 0.04%) and monounsaturated (MUFA) (11.47 
± 0.04%) fatty acids, while in S. aurata and S. salpa, 

SFA represented the lowest proportion of TFA (9.03 
± 0.01% and 14.97 ± 0.04%, respectively). However, 
the fi sh S. aurata showed high PUFA levels (70.34 
± 0.02%) compared to S. salpa (58.33 ± 0.33%). In 
S. aurata, S. salpa and M. barbatus, the main PUFA 
were Docosahexaenoic acid (DHA, C22:6n-3) and 
Eicosapentaenoic acid (EPA, C20:5n-3). However, 
their levels were signifi cantly elevated in S. aurata 

Figure 2 Proximate composition of S. aurata, S. salpa and M. barbatus fl esh.
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(20.45 ± 0.001% and 13.50 ± 0.002%, respectively) 
compared to S. salpa (5.93 ± 0.003 % and 7.78 ± 0.01%, 
respectively) and M. barbatus (8.47 ± 0.02% and 4.89 
± 0.01%, respectively). In general, n-3 PUFAs were 
the highest in the fl esh of S. aurata (47.34 ± 0.002%) 
and lowest in M. barbatus (15.14 ± 0.03%), while the 
opposite was observed for the level of n-6 PUFA with 
high levels in M. barbatus (40.06 ± 0.003%) and low 
levels in S. aurata (22.88 ± 0.004%).

Nutritional Quality Indices (NQI)

The NQI studied during this work are presented 
in table 1. The highest n-3/n-6 ratio was observed in 
S. aurata (2.06 ± 0.001) and the lowest in M. barbatus 
(0.37 ± 0.006). The PUFA/SFA ratio varied between 
the fi sh species with a minimum value observed in 
M. barbatus (1.65 ± 0.009) and a maximum value in S. 
aurata (7.76 ± 0.01). The EPA+DHA sum was maximal 
(33.97 ± 0.01) in S. aurata followed by S. salpa (13.71 ± 
0.01) and M. barbatus (13.08 ± 0.28). The lowest values 
of AI and TI were observed in S. aurata (0.02 ± 0.0002 
and 0.01 ± 0.0003, respectively) (Table 1).

Principal Components Analysis (PCA)

The data on protein, glycogen, lipids, FA and 
NQI were used in the principal components analysis 
(Figure 3). The fi rst two factorial axes explained 
90.7% of the total variance as sum of PC1 (71.9%) and 
PC2 (18.8%). A high positive contribution of protein, 
glycogen, lipid, PUFA, PUFA n-3, n-3/n-6 PUFA, 
PUFA/SFA, DHA+EPA and a negative contribution 
of SFA, PUFA n-6, AI and TI were noted for the fi rst 
component (PC1). The projection of individuals on 
the factorial plane (1:2) showed a clear separation 
between fi sh species. The S. aurata group showed the 
highest nutritional characteristics with high levels of 
protein, glycogen, lipid, PUFA, PUFA n-3 and NQI. S. 
salpa and M. barbatus specimens were separated from 
the S. aurata group, especially M. barbatus showed low 
nutritional value which was characterized by high 
levels of SFA, PUFA n-6, AI and TI (Figure 3).

Discussion 
Fish are important nutritious foods that are 

essential in the human diet. They are considered 

Table 1: Fatty acids composition (%) of S. aurata, S. salpa and M. barbatus fl esh.

FA S. aurata S. salpa M. barbatus

C16:0 0.691 ± 0.004 9.491 ± 0.007 21.381 ± 0.012

C16:1 2.090 ± 0.001 0.712 ± 0.047 4.642 ± 0.009

C18:0 1.253 ± 0.002 1.495 ± 0.042 0.693 ± 0.011

C18:1 9.421 ± 0.001 22.394 ± 0.086 6.743 ± 0.001

C18:2n-6 7.439 ± 0.003 28.716 ± 0.124 20.321 ± 0.002

C18:3n-6 9.565 ± 0.003 4.945 ± 0. 021 18.304 ± 0.008

C18:3n-3 13.373 ± 0.002 8.360 ± 0.001 1.775 ± 0.002

C20:0 7.085 ± 0.001 3.971 ± 0.027 11.183 ± 0.001

C20:1 9.203 ± 0.004 3.591 ± 0.029 0.121 ± 0.004

C20:4n-6 5.882 ± 0.002 2.594 ± 0.035 1.447 ± 0.008

C20:5n-3 13.501 ± 0.002 7.782 ± 0.003 4.897 ± 0.001

C22:6n-3 20.460 ± 0.001 5.934 ± 0.015 8.473 ± 0.002

SFA 9.033 ± 0.003a 14.973 ± 0.061b 33.261 ± 0.024c

MUFA 20.728 ± 0.005b 26.698 ± 0.010c 11.525 ± 0.006a

PUFA 70.234 ± 0.002b 58.339 ± 0.051a 55.214 ± 0.031a

PUFA n-3 47.341 ± 0.002c 22.081 ± 0.018b 15.147 ± 0.034a

PUFA n-6 22.880 ± 0.004a 36.252 ± 0.069b 40.068 ± 0.003b

n-3/n-6 PUFA 2.062 ± 0.001b 0.601 ± 0.001a 0.379 ± 0.006a

PUFA/SFA 7.771 ± 0.017c 3.892 ± 0.013b 1.653 ± 0.009a

DHA+EPA 33.973 ± 0.018b 13.714 ± 0.012a 13.082 ± 0.087a

AI 0.022 ± 0.0002a 0.125 ± 0.0004b 0.334 ± 0.001c

TI 0.010 ± 0.0001a 0.117 ± 0.0002b 0.311 ± 0.003c

a, b and c letters are signifi cantly different at p < 0.05.
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healthy seafood and have gained increased interest 
from nutritionists and pharmacologists due to their 
health benefi ts [25,26]. For the good functioning 
of the human body, a healthy diet which involves 
the consumption of fi sh is highly recommended 
[27]. Generally, fi sh have a high nutritional value 
as they are rich in proteins, and fatty acids, in 
particular, ecosapenteinoic acid (EPA; 20:5n-3) and 
docosahexaenoic acid (DHA; 22:6n-3), vitamins (A, 
C, B1, B2 and B3), amino acids and essential elements 
such as calcium, magnesium and zinc [28]. Mainly, 
lipids and proteins have many imperative roles in 
human health [29]. 

In the current study, the water content in the 
studied fi sh was above 60 % which corroborates with 
previous fi ndings [30]. Based on previous works, 
moisture content can refl ect the relative energy in 
the fi sh which is mainly provided by known several 
reserves like lipids and proteins [31]. It has been 
reported that lower percentages of moisture are closely 
related to higher levels of proteins and lipids [32]. In 
the current study, the ash content which represents 
the total inorganic content of fi sh was important and 
varied in the studied species. It has to be noted that 
ash was considered a reliable tool for the detection of 

mineral compounds in fi sh samples [33]. The obtained 
results showed that all three fi sh have a high protein 
content followed by lipids and then glycogen. These 
high protein levels can be explained by the fact that 
fi sh have a high protein requirement because they 
use a large proportion of dietary protein to meet their 
energy needs (e.g. growth, reproduction etc.) [34]. 
High levels of protein were reported previously in S. 
aurata, S. salpa and M. barbatus [30,35,36]. However, 
the observed low glycogen levels can be probably 
related to the conditions of the autumn season in 
the Bizerte lagoon since these reserves could be the 
alternative primary energy resource in unfavorable 
conditions [37]. The lipids content also varied 
between the three species as the highest level was 
observed in S. aurata and the lowest in M. barbatus. 
In general, lipid contents are essential for providing 
metabolic energy for fi sh that are mainly implicated 
in several physiological functions (e.g. reproduction, 
cell membrane formation…) [38]. One of the common 
classifi cations of fi sh based on their fat content was 
established by Stansby ME, et al. [39]. This latter 
considered fi sh with less than 5% of fat as low oil fi sh, 
between 5% and 15% as medium oil fi sh, while fi sh 
with more than 15% have been considered as high 

Figure 3 Principal Component Analysis (PCA) representing biochemical variables in the studied fi sh species.
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oil fi sh. Overall, the comparison of the three species 
revealed that S. aurata has the highest nutritional 
value followed by S. salpa and M. barbatus. This 
diff erence may be related to the availability of food 
in the Bizerte lagoon, to environmental conditions 
and also to the reproductive cycle of each species. It 
has been reported previously that the biochemical 
compounds of marine organisms can be closely 
related to endogenous (reproduction, etc.) and/
or exogenous (temperature, food availability, etc.) 
factors [40,41]. Our results are in accordance with the 
fi ndings of Basto-Silva C, et al. [42] confi rming the 
richness of S. aurata fl esh in nutritional compounds. 

The FA profi le of the three fi sh species from 
the Bizerte lagoon showed a predominance of 
Polyunsaturated Fatty Acids (PUFA) during the 
autumn season. The main fatty acids identifi ed in 
S. aurata, S. salpa and M. barbatus are palmitic acid 
(C16:0), palmitoleic acid (C16:1), stearic acid (C18:0), 
oleic acid (C18:1), EPA (C20:5n 3) and DHA (C22:6n 3). 
Our results are in agreement with those reported for S. 
aurata in the Adriatic [43], for S. salpa on the Tunisian 
coasts [30] and for M. barbatus in the Adriatic Sea 
[44]. Among PUFA mainly EPA and DHA were the 
most abundant FA. These n-3 PUFAs have been widely 
associated with a good healthy diet since they are 
essential FA for the human body and may be eff ective 
in the prevention of infl ammatory and cardiovascular 
diseases [45]. Our results showed that S. aurata, 
S. salpa and M. barbatus are rich in PUFA. S. aurata 
showed the highest omega-3 levels in particular of 
EPA and DHA, followed by S. salpa and M. barbatus. 
These results are in accordance with those found by 
Mnari A, et al. [46] from the Tunisian coasts revealing 
that S. aurata is very rich in PUFA. Meanwhile, PUFA 
n-6 dominated the PUFA fraction of S. salpa and M. 
barbatus. The consumption of n-3 PUFA has been 
widely recommended over n-6 PUFA to reduce the 
development of several diseases [47]. The SFA levels 
varied between species with high levels reported in M. 
barbatus. It has been reported that the consumption 
of SFA is closely related to heart attacks and increased 
blood LDL [48]. Kocatepe D, et al. [49] showed that 
M. barbatus collected from the Turkish coasts had 
higher SFA contents than PUFA. Based on the SFA 
levels, S. aurata seems to be healthier than S. salpa 
and M. barbatus. Overall, the observed FA composition 
variation in the studied fi sh species may be related to 
the diet of each species. 

The nutritional value of fi sh meat depends on 
its lipid quality indices, which indicate the relative 

proportions of saturated and unsaturated fatty acids 
and their potential impact on the development of 
coronary heart disease [24]. Our study found that 
S. aurata had a high n-3/n-6 PUFA ratio, while M. 
barbatus had the lowest. Sargent [50] suggested that 
the optimal n-3/n-6 PUFA ratio should be 1:5 (0.2). 
The n-3/n-6 ratio has been used as a reliable index 
for interspecies comparisons of nutritional values 
in previous studies [51]. Thus, all the studied fi sh 
showed n-3/n-6 ratios above the recommended 
values. The sum of EPA+DHA was higher in S. aurata, 
followed by S. sarpa and M. barbatus. The American 
Heart Association [52] recommends consuming 
two servings of fi sh per week, particularly oily fi sh, 
to meet the recommended EPA and DHA dietary 
requirements. This would provide approximately 
500 mg of EPA and DHA combined daily, which is the 
recommended intake for optimal overall health and 
reduced cardiovascular risk by most organizations 
[53]. The World Health Organization recommended 
a PUFA/SFA ratio above 0.40 to minimize the risk of 
cardiovascular diseases [53]. The recommended value 
was observed in all the fi sh species since the PUFA/
SFA ratio ranged from 1.65 in M. barbatus to 7.77 in 
S. aurata. The Atherogenic (AI) and Thrombogenic 
(TI) indices have been used to evaluate the impact of 
diff erent fatty acids on human health and their eff ects 
on the incidence of pathogenic phenomena, such as 
atheroma and thrombus formation, as reported by 
Rossano R, et al. [54]. The AI and TI indices were 
found to be lowest in S. aurata and highest in M. 
barbatus. However, all studied fi sh presented AI 
and TI levels below 1 which is benefi cial for human 
health [55] and proves that the consumption of these 
species carries the lowest risk for potential coronary 
diseases. Overall, our fi ndings highlight the superior 
nutritional value of S. aurata compared to S. salpa and 
M. barbatus.

Conclusion
This study highlights the signifi cant diff erences 

in the biochemical composition among the studied 
species. The gilthead seabream (S. aurata) had 
the highest nutritional value when compared to 
the salema porgy (S. salpa) and the red mullet (M. 
barbatus). S. aurata was found to be a rich source of 
omega-3 fatty acids, particularly in DHA and EPA. 
Overall, consuming EPA and DHA through fi sh can 
be benefi cial for maintaining overall health and 
reducing the risk of chronic diseases. Likewise, all the 
studied fi sh species met the recommended n-3/n-6, 
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PUFA/SFA, AI and TI values. In general, consumers 
are encouraged to eat a diverse range of fi sh species. 
To sum up, the nutritional characteristics of gilthead 
seabream, as determined by established NQI, make it 
a highly valuable and recommended food source for 
maintaining human health.
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