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Abstract

This work focuses on the study of three pelagic fish species of the same genus, caught from the
south-western coasts of the Mediterranean. It concerns lipid content, fatty acid profile and
nutritional quality (atherogenic index, thrombogenicity index, ratio between hypocholestero-
lemic and hypercholesterolemic fatty acids and n6-to-n3 ratio) of Trachurus trachurus,
Trachurus mediterraneus and Trachurus picturatus. Lipid extraction and esterification were
carried out on the flesh of each species, and fatty acid methyl esters were analysed using
gas chromatography-mass spectrometry. The obtained results show that lipid content mean
values vary between 2.87 and 5.06%, saturated fatty acids contents range from 37.51 to
53.23%, monounsaturated fatty acids content range from 29.24 to 37.65% and polyunsaturated
fatty acids content range from 9.11 to 33.24% according to species. Also, the different mean
values of indexes describing the nutritional quality vary significantly depending on species.
That confirms the good quality of studied species and their importance for human nutrition
and health, hence the urgent need to preserve their stocks.

Introduction

Currently, people have been interested in their nutrition and look for selecting healthful foods for
their diets. Fishing products, especially fish, are ranked first among these foods, dint of their rich-
ness in proteins and fatty acids. Fish oil is of greatest importance in terms of nutrition physiology
(Celik, 2008) and its importance for human health has been extensively described and proven
(Ruxton et al, 2007). The polyunsaturated fatty acids (PUFA) contained in fish oil are the
main contributors to these properties, more specifically, those belonging to the omega-3 family
such as eicosapentaenoic (EPA, C20:5n3) and docosahexaenoic (DHA, C22:6n3) acids.

Omega-3 long-chain fatty acids play an important role in prevention of cardiovascular dis-
eases owing to their anti-thrombotic, anti-arrhythmic and anti-inflammatory properties
(Huang et al., 2005; Morales-Medina et al., 2016). They also have beneficial effects on high
blood pressure, brain development, depression, diabetes and cancer in children
(Simopoulos, 2002; Tapiero et al., 2002), contribute to the improvement of mitochondrial
functions and inflammation in obese people (Borja-Magno et al., 2023) and exert an import-
ant neuroprotective effect (Neto ef al., 2022). Also, DHA is one of the components of the ocu-
lar retina, brain and myocardium. It plays an essential role in the development of the eyes and
the brain, thus ensuring good cardiovascular health (Ward and Singh, 2005). Moreover, EPA is
also useful in anxiety cases and cancer treatment (Fenton et al., 2000; Neto et al., 2022). People
that consume between 0.5 and 0.7 gday~' of DHA have a lower incidence of heart troubles.
However, their deficiency leads to some disorders such as poor eyesight, dermatoses and
anaemia (Celik, 2008). The general recommendation for daily DHA/EPA intake is 1 gday "
for adults and 0.5 g for infants (Kris-Etherton et al., 2002). Pelagic fish are considered to be
one of the main sources of these fatty acids, and are generally known for their high fat content
(Passi et al., 2002).

On the eastern Algerian coasts, the genus Trachurus is represented by three species: horse
mackerel Trachurus trachurus, Mediterranean horse mackerel Trachurus mediterraneus and
blue-jack mackerel Trachurus picturatus (Derbal and Kara, 2001). These are very important
pelagic fish in terms of economic interest and biomass in the Mediterranean and throughout
the world. On a local scale, production of combined species of Trachurus genus was estimated
at 45% of total pelagic fish production between 2010 and 2020 in Jijel city. Besides that,
they are highly appreciated and requested by consumers because of their high organoleptic
value.

The geographical location is one of the factors influencing the fatty acid composition of fish
(Winston and Di Giulio, 1991). The species of the Trachurus genus are characterized by more
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or less different geographical distribution areas. Trachurus tra-
churus is characterized by a wide distribution on the continental
shelf and the edge of the slope in the Atlantic Ocean; the coasts of
South Africa and the sub-tropical and tropical seas (the
Norwegian Sea, the North Sea, the Mediterranean Sea, the Sea
of Marmara and the Black Sea). Trachurus mediterraneus is pre-
sent in the North-East Atlantic, from the Bay of Biscay to
Mauritania, in the Black Sea and especially in the
Mediterranean. However, it is absent in the Levantine basin.
Trachurus picturatus is a cosmopolitan, common in the
Adriatic, in the eastern and western Mediterranean, and in the
eastern Atlantic, from the Bay of Biscay to Mauritania
(Bauchot, 1987). Also, according to Winston and Di Giulio
(1991), the fatty acid profile of fish generally, and of PUFA espe-
cially, is related to dietary. The horse mackerel feeds mainly on
small crustaceans, but also on small fish such as sardines and
anchovies (Rahmani et al., 2020). However, the Mediterranean
horse mackerel is mostly piscivorous, it feeds on sardines and
anchovies, but also sometimes on small crustaceans. The young
individuals target only crustaceans (Bensalem, 1988). Blue-jack
mackerel feeds mainly on crustaceans such as copepods and zoo-
plankton and mesopelagic fish (Bauchot and Paras, 1980;
Bauchot, 1987; Battaglia et al., 2020).

The fatty acid profile of fish species has been the subject of sev-
eral studies over the last two decades. On the northern coasts of
Mediterranean, T. trachurus fatty acid profile was studied in the
Alboran Sea by Morales-Medina et al. (2016), and on the
Italian coasts by Passi et al. (2002), Orban et al. (2011) and
Giandomenico et al. (2023). Fernandez-Jover et al. (2007) was
interested in T. mediterraneus on the North-West Mediterranean
coasts. Turan et al. (2007) were also interested by the same species
in the Black Sea. Furthermore, the fatty acid composition of
T. picturatus in Mediterranean was targeted only by Zlatanos
and Sugredos (1993) on the Greece coast. However, on the
South-West coasts of the Mediterranean, these three species
have never been studied from the point of view of their biochem-
ical composition despite their great economic interest and their
importance for human health.

This study aims to provide original data on lipid content, fatty
acid profile and nutritional quality of three pelagic species: T. tra-
churus, T. mediterraneus and T. picturatus, in the coast of Jijel,
eastern of Algeria. The results to be obtained will make it possible
to determine the biochemical status of these three species in the
region studied. They will also help guide consumer choice.

Materials and Methods
Sampling

A total of 90 specimens of three species from genus Trachurus,
caught mainly by pelagic trawls and having commercial and simi-
lar sizes (N 7 trachurus =305 TL T tachurus =19 £ 0.6 cm, TW =
51.35+7.66 g N 7 smediterraneus = 305> TL 1 pediterraneus = 19 £ 0.5
cm, TW =5585%x 7.81; N T. picturatus = 30, TL T. picturatus = 19+
0.6 cm, TW =54.17 £8.74 g), were collected during October of
2022 from Jijel Bay on the South-western Mediterranean of
Algeria (36°49'39.1"N 5°45'58.8"E), via wholesalers and fish-
mongers (Figure 1). (N) means the sample size of each species,
the total length (TL) was measured to the nearest mm, and the
total weight (TW) was recorded to the nearest g.

Sample preparation

After capture, the samples were kept in ice and transported to the
laboratory. Only the fillets were taken after removing the skin and
the head of the eviscerated fish. Afterwards, the fillets of every ten
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individuals for each species were independently crushed as a paste
(the total weight of the meat obtained by species: 1109.4 g for
T. trachurus; 1225.85¢g for T. mediterraneus and 1189.57 g for
T. picturatus), using a warring blender with a variable transformer
(VWR Scientific, Norwalk, CA, USA). The chemical analysis
was therefore carried out in three biological replicates per species
(n = 3), separately.

Lipid extraction

For each subsample of the three species, an amount of 20 g of
crushed fillets were homogenized with 100 ml of methanol
(grade AA), using the waring blender. Next, 40 ml of double dis-
tilled water and 50 ml of chloroform (CHCI;) were added, and the
obtained mixture was homogenized again for 2 min using always
the warring blender. Then, 50 ml of double distilled water and 50
ml of chloroform were added, and homogenization was applied
again for 30s. After that, 100 ml of the mixture were centrifuged
in glass tubes (3300 x g, 10°C). The decanted liquids were col-
lected by filtration through Whatman No. 1 filter paper in glass
funnels, and kept separately. The resulting solids were newly
extracted by adding 20ml of 1:1 (v/v) chloroform: methanol;
both resulting extracts were combined and transferred into a sep-
arate funnel, which is a device facilitating the separation of two
liquids. The chloroform layer was passed through a layer of 2.5
cm of anhydrous sodium sulphate using Whatman No. 1 filter
paper, in a funnel. The last step consists of removing the solvents
from the tared flask by using a rotary evaporator under vacuum
(Heidolph model VV2000), at 40°C (Folch et al., 1957). To avoid
the risk of contamination, the glassware was washed carefully after
each use, with hot water and detergent, then rinsed with acetone.

Estimation of lipid content
The content of lipids in the sample of each species was calculated

according to the following formula (Guil-Guerrero et al., 2011):

amount of extracted lipids(g) % 100

Lipid tent(%) =
ipids content(%) weight of original sample(g)

Where the weight of extracted lipids was calculated as follows:

Weight of lipids =(weight of container + extracted lipids)
— weight of container(g)

Transesterification

The main objective of this step is to extract fatty acid methyl esters
(FAMES) and increase their volatility in the extracts to be analysed.
For that, 20 mg of each oil sample were mixed with 20 ml of a solu-
tion of methanol and acetyl chloride (20:1, v/v) and 20 ml of hex-
ane, according to Rodriguez-Ruiz et al. (1998). The mixture was
heated under stirring at 100°C during 30 min, and cooled after-
wards in room temperature. Afterward, 20ml of water were
added and the FAMEs were extracted in a layer of hexane. Three
extractions with hexane were made on the same extract to ensure
maximal recovery of FAMEs (Guil-Guerrero et al, 2011).

Fatty acid analysis

FAMESs were analysed using an Agilent gas chromatography system
(model GC-2030). An Rtx-5MS capillary column (28 m long, with
an inner diameter of 0.25 mm and a film thickness of 0.25 pum)
was employed for the separation of fatty acids. The column
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Atlantic Ocean

Figure 1. Map showing study area in Eastern Algerian coast.

temperature was initially set to 70°C for 1 min after injection, then
increased at a rate of 7°C min™" to reach 170°C, which was main-
tained for 55 min. Subsequently, the temperature was raised at a
rate of 10°Cmin™" to 230°C and held at this final temperature
for 33 min. Helium served as the carrier gas, set at a split ratio
of 1:20. The injector and detector temperatures were maintained
at 250 and 350°C, respectively, with an injection volume of 1 pl.

FAME chromatogram peaks were identified by comparing
their retention times with recognized FAME standards. Each
fatty acid’s concentration was determined by calculating its peak
area relative to the total peak area, and the results were reported
as a percentage of each fatty acid in the total lipids.

Nutritional quality of fatty acids

Nutritional quality of studied species fillets was verified by calcu-
lating the values of the atherogenic index (AI), thrombogenic
index (TI), hypocholesterolemic-to-hypercholesterolemic ratio
(HH) and n6-to-n3 ratio, as following (Ulbricht and Southgate,
1991; Santos-Silva et al., 2002):

Al = (C12:0 + 4 x C14:0 + C16:0) /(ZMUFA +3 UFA)

TI = [(c14:o +CL60 + C18:0)/(05x 3 ) + (0.5

x 3" 6PUFA) + (3 3" 3PUPA) + (u)3/u)6)]

HH = (C18:119 + C18:2n6 + C20:4n6 + C18:3n3+C20:513
+ C22:5n3 4 C22:6n3)/(C14:0 + C16:0)

n6-to-n3 ratio = n6/n3

For each species, the calculation of the indices was carried out
in three biological repetitions, separately. Al assesses the possibil-
ity of a food or substance to reduce blood fat content, and TI eval-
uates the capacity of a food or substance to inhibit platelet activity,
contributing to blood clot formation (Iwamoto et al, 2019).
Generally, low values of these indices reflect a protective effect
against cardiovascular diseases, while high ones may reflect the
opposite (Turan et al., 2007; Grigorakis et al., 2011). These indices
are based on the fatty acid composition of foods and are useful to
choose the good diet for heart health (Grigorakis, 2007).
Moreover, HH is strongly dependent on cholesterol metabolism,
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and high HH values are considered to be beneficial for human
health (Ramos Filho et al, 2010). Also, the high n6-to-n3 ratio
is an index of the lipid quality and is considered as an element
of nutritional relevance (Orban et al, 2011).

Statistical analysis

The SPSS 23 software package was used for statistical analysis, and
significant differences were considered at p <0.05. The statistical
comparison of the lipid content between the studied species was
made by the ANOVA test. An overall comparison of the compos-
ition of saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA) and PUFA in the three species was carried out by the
MANOVA test. The ANOVA test was also used to compare the
SFA, MUFA and PUFA contents, as well as to compare each of
the AL TI, HH indices and the n6-to-n3 ratio separately between
species.

Results
Lipid content

The obtained results show that the mean values of lipid content in
T. trachurus, T. mediterraneus and T. picturatus are 5.06% (SD =
0.16), 2.87% (SD=0.18) and 2.82% (SD =0.15), respectively,
where SD represents the standard deviation. Statistical compari-
son of these means, using ANOVA test, indicates significant dif-
ferences between species (F=176.84, p <0.05) (Table 1).

Fatty acid profile

The study of fatty acid profile in horse mackerel, Mediterranean
horse mackerel and blue-jack mackerel caught from the study
area, reveals the presence of each of the SFA (35.1-53.23%),
MUFA (29.24-37.65%) and PUFA (9.11-33.24%) in the muscle
of all species (Table 2). Overall statistical comparison, using
MANOVA test, shows significant differences (F=2631.31, p<

Table 1. Lipid contents (g\100g muscle of fish) of Trachurus trachurus,
Trachurus mediterraneus and Trachurus picturatus

Species T. trachurus T. mediterraneus T. picturatus

Lipid contents 5.06 +0.16° 2.87+0.18° 2.82+0.15°

Data are means of triplicate determinations + standard deviation: the different letters
indicate significant differences between species; error bars, standard deviations.
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Table 2. Fatty acids composition in Trachurus trachurus, Trachurus mediterraneus and Trachurus picturatus (% of total fatty acids)

Fatty acids T. trachurus T. mediterraneus T. picturatus
C14:0 3.25+0.02 3.1+0.02 1.81+0.01
C15:0 0.86 +0.01 0.96+0 0.54+0
C16:0 19.51+0.03 32.06 £0.17 21.1+0.23
C17:0 1.07+0.01 1.44+0.01 1.09+0.01
C18:0 7.81+0.03 12.36 +3.94 12.02+0.02
C19:0 0.26 £0.01 = =

C20:0 0.39+0 0.52+0 0.58 +0.02
C22:0 1.95+0 0.52+0 =

C24:0 - - 0.37+0.01
ZSFA 35.1+6.34 53.23+11.14 37.51+7.4
Cl16:1n7 5.29+0.02 5.32+0.01 3.85+0.07
C17:1 - 0.42+0.01 -

C18:1n9 24.89+0.26 30.39£0.17 22.74+0.10
C20:1n6 1.6+0 1.52+0.01 1.64+0.03
C24:1n9 1.03+0 = 1.01+£0.02
Y MUFA 32.81£0.25 37.65%0.16 29.24+0.1
C18:2n6 1.62+0.04 1.27+0.04 1.29+0.04
C20:2n11 - - 0.33+0
C18:3n3 2.03+0.03 0.43+0 1.19+0.05
C20:4n6 1.07+0 - 1.44+0.07
C20:5n3 (EPA) 7.34+0.06 1.89+0.04 6.59 +0.08
C22:5n3 0.49+0 - 0.77+0
C22:6n3 (DHA) 19.55+0.12 5.52+0.05 21.63+0.08
ZPUFA 32.1+0.11 9.11+0.11 33.24+£0.07

Y SFA, total saturated fatty acid; Y;MUFA, total monounsaturated fatty acid; Y,PUFA, total polyunsaturated fatty acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. Data are

means of triplicate determinations + standard deviation.

0.05), in the composition of the main FAMEs groups in the three
species studied.

Fatty acid profile of T. trachurus

Trachurus trachurus is composed mainly of SFA (35.1%), of
which the most abundant fatty acids are palmitic acid (19.51%),
stearic acid (7.81%) and myristic acid (3.25%). MUFA constitutes
32.81% of total fatty acids, mainly split into oleic acid (24.89%)
and palmitoleic acid (5.29%). Moreover, PUFA represent 32.1%
of fatty acids, with 19.55% of DHA and 7.34% of EPA.
Statistical comparison between SFA, MUFA and PUFA fractions
using the ANOVA test showed significant differences (F=21.50,
p <0.05) in the same species.

Fatty acid profile of T. mediterraneus

The mean fatty acid composition of T. mediterraneus was found
to be 53.23% of SFA, 37.65% of MUFA and 9.11% of PUFA
(ANOVA: F=249.98, p <0.05). The majority fatty acids in the
SFA class are palmitic acid, stearic acid and myristic acid, corre-
sponding to 32.06, 12.36 and 3.1%, respectively. In the MUFA
class, the most abundant acids are oleic acid and palmitoleic
acid, corresponding to 30.39 and 5.32%, respectively. PUFA is
the class least represented by this species, with only 9.11%, distrib-
uted essentially over 5.52% of DHA and 1.89% of EPA.
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Fatty acid profile of T. picturatus

Trachurus picturatus is composed of 37.51% SFA, 29.24% MUFA
and 33.24% PUFA (ANOVA: F=60.20, p<0.05). A large
proportion of SFA is represented by palmitic acid (21.10%) and
stearic acid (12.02%). Oleic acid constitutes 22.74% and
palmitoleic acid accounts for 3.85% of total MUFA. Also, DHA
is the major component of PUFA, followed by EPA, with
proportions corresponding respectively to 21.63 and 6.59%
(Figure 2A).

The three studied species are rich in SFA, MUFA and PUFA,
with percentages varying from one species to another. Statistical
comparison of the contents of these main fatty acid classes
according to species reveals significant differences (ANOVA:
Fspa =32.17, pspa <0.05, Fyupa = 1602.69, pyura < 0.05 and
Fpurpa = 56547.28, ppura < 0.05) (Figure 2B).

Nutritional quality of fatty acids

The average values of the AI, TI, HH and n6-to-n3 ratio are 0.50,
0.26, 2.50 and 0.15 in T. trachurus; 0.95, 0.97, 1.12 and 0.36 in T.
mediterraneus and 0.45, 0.30, 2.43 and 0.14 in T. picturatus,
respectively (Table 3). These values varied significantly among
species (ANOVA: Fa;=26746.06, pa;<0.05; Fprp=222, pri<
0.05; Fyp =26746.06, pru<0.05 and Fogons = 19832.85,
Pn6-to-n3 < O~O5)-
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Figure 2. Intra (A) and interspecific (B) comparison of principal fatty acid classes in
Trachurus trachurus, Trachurus mediterraneus and Trachurus picturatus: the different
letters indicate significant differences between species, considering each species sep-
arately (A); and between fatty acid classes considering each class separately (B); SFA,
saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty
acid and error bars, standard deviations.

Discussion
Lipid content

The highest lipid content value was recorded in T. trachurus
(5.06%), while the lowest one was estimated in T. picturatus
(2.82%). Our results differ from those obtained in other regions,
which can be explained by many factors, such as: feeding habits
(Lee and Lip, 2003), species (Mohanty et al., 2019), stage of devel-
opment (Costa et al., 2018), geographic origin, environmental fac-
tors, fishery period, reproductive season, etc. (Winston and Di
Giulio, 1991). Thus, the extraction method can influence the
yield of lipid content: Morales-Medina et al. (2016), Nougueira

Table 3. Nutritional quality assessment of Trachurus trachurus, Trachurus
mediterraneus and Trachurus picturatus

Nutritional T. T.
indices T. trachurus mediterraneus picturatus
Al 0.50+0° 0.95+ 0P 0.45+0°

TI 0.26 +0° 0.97 +0.08° 0.30+0?
HH 2.50 +0.02° 1.12+0° 2.43+0.02°
né —to —n3 0.15+07 0.36+0° 0.14+0°
ratio

Al, atherogenic index; Tl, thrombogenicity index; HH,
hypocholesterolemic-to-hypercholesterolemic ratio and né-to-n3 ratio.

Data are means of triplicate determinations + standard deviation: the different letters
indicate significant differences between indices for each species.
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et al. (2013) and Turan et al. (2007) used the AOAC official meth-
ods (1980, 1990, 2006) respectively. Fernandez et al. (2007) car-
ried out the extraction of fatty acids by ethyl ether, using a
laboratory extractor. Orban et al. (2011) followed the method of
Bligh and Dyer (1959) and Zlatanos and Sugredos (1993) carried
out the extraction by anhydrous sodium sulphate and n-hexane
using Soxhlet. The chloroform-based Folch approach that we
used achieves very high extraction efficiency compared to several
other methods (Pilecky et al., 2024).

The spawning period extends from January to May for T. tra-
churus (Ciccone et al., 2013; Gherram et al., 2018), from May to
August for T. mediterraneus (Viette et al., 1997; Demirel and
Yiiksek, 2013) and from January to March for T. picturatus
(Neves et al., 2022). The sampling period of the three species
coincides with the gonadal rest stage, which minimizes the effect
of the reproductive season on the obtained results. Comparing
with previous studies, lipid content in T. trachurus ranges from
2.10% (Orban et al, 2011) to 4.90% (Morales-Medina et al.,
2016) in the north-western Mediterranean where it is 2.36% in
T. mediterraneus (Fernandez-Jover et al, 2007), while it is
1.13% in the Black Sea (Turan et al.,, 2007). In T. picturatus, it
is 1.70% in the Aegean Sea (Zlatanos and Sugredos, 1993) and
1.87% in the north-east Atlantic (Nogueira et al., 2013). The
aforementioned values are all lower than the obtained results on
the south-western Mediterranean coast, confirming the effect of
geographical location on lipid content in fish (Winston and Di
Giulio, 1991).

Additionally, fish are classified by Haard (1992) as following:
high-fat (lipid content >8%), medium-fat (4% <lipid content
<8%), low-fat (2% <lipid content <4%) and lean (lipid content
<2%). Based on these intervals, our results indicate that T. tra-
churus is medium-fat fish, contrary to T. mediterraneus and T.
picturatus which are considered as low-fat fish. Fatty acids are
key organic components of fish, serving as important energy
sources for growth, reproduction and locomotion (Tocher,
2003). They are also essential to animal and human nutrition
due to their role in essential physiological processes.

Fatty acid profile

The results obtained for the main FAMEs groups confirm that the
fatty acid profile differs from one species to another. Trachurus
trachurus is considerably richer in SFA than in both MUFA
and PUFA. These results vary in comparison with those obtained
in Alboran Sea (SFA: 32.8%, MUFA: 29.6% and PUFA: 36.2% or
DHA and EPA present together 27.9%) by Morales-Medina et al.
(2016) and on the Italian coast (SFA: 37.55%, MUFA: 24.49% and
PUFA: 32.69%, where DHA and EPA represent 20.85 and 5.29%
respectively) by Orban et al. (2011). Results concerning the com-
position of FAMEs in T. mediterraneus differ from those found by
Turan et al. (2007) in the Black Sea (SFA: 25.9%, MUFA: 28.2%
and PUFA: 27.9% of which 21.7% correspond to DHA and
EPA as one), and Fernandez-Jover et al. (2007) (SFA:
36.04-36.10%, MUFA: 14.62-17.39% and PUFA: 45.98-49.28%
of which 32.56-36.61% correspond to EPA and 5.83-6.18%
correspond to DHA) in two localities in the North-West
Mediterranean. In the case of T. picturatus, Nogueira et al. (2013)
recorded in the North-East Atlantic, 33.67% SFA, 26.11% MUFA
and 4022 PUFA with 4.10% EPA and 28.46% DHA. Thus,
Zlatanos and Sugredos (1993) found, in the same species, 5.9%
EPA and 9.5% DHA in the Aegean Sea (Table 4).

The highest SFA and MUFA values were recorded in T. med-
iterraneus. These are mainly palmitic and oleic acids. Palmitic
acid is a long-chain SFA often found in many kinds of fats and
dietary oils. Although excessive consumption of SFA is generally
associated with negative effects on cardiovascular health, it is
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Table 4. Comparison of lipid content (g\100 g muscle of fish) and fatty acid profile (g\100 g fatty acid) of T. trachurus, T. mediterraneus and T. picturatus in different

areas
Lipid
Species content SFA MUFA PUFA EPA DHA Study area Source
T. trachurus 4.9 32.8 29.6 36.2 27.9 Alboran Sea Morales-Medina et al.
(2016)
2.10 37.55 24.49 32.69 5.29 20.85 Italian coast Orban et al. (2011)
5.06 35.1 32.81 321 7.34 19.55 S-W Mediterranean Present study
T. mediterraneus 1.13 25.9 28.2 27.9 21.7 Black Sea Turan et al. (2007)
2.36 36.10 14.62 49.28 6.18 32.56 Alicante (N-W Fernandez-Jover et al.
Mediterranean) (2007)
2.36 36.04 17.39 45.98 5.83 36.61 Villajoyosa (N-W
Mediterranean)
2.87 53.23 37.65 9.11 1.89 5.52 S-W Mediterranean Present study
T. picturatus 1.7 37.1 321 30.8 5.9 9.5 Aegean Sea Zlatanos and Sugredos
(1993)
1.87 33.67 26.11 40.22 4.10 28.46 N-E Atlantic Nogueira et al. (2013)
2.82 37.51 29.24 33.24 6.95 21.63 S-W Mediterranean Present study

SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; DHA, docosahexaenoic acid and EPA, eicosapentaenoic acid.

important to note that the total fatty acid composition, including
unsaturated fatty acids, is also important in assessing the overall
impact of fish oil on health (Agostoni et al., 2015). However,
oleic acid or omega-6 is known for its various beneficial impacts
on humans, including the modulation of inflammatory markers,
gastrointestinal functions, insulin sensitivity, blood pressure and
even various cancers (Van der Merwe et al, 2013).
Nevertheless, T. trachurus and T. picturatus are richer in PUFA
than T. mediterraneus. DHA and EPA are omega-3 fatty acids
that are associated with multiple human health benefits. These
results illustrate the specificity of these two species and the crucial
role they could play in a healthy diet to prevent various patholo-
gies (Kugo et al., 2016).

The correlation coefficients obtained from analysing the lipid
content of the studied species in relation to their SFA, MUFA
and PUFA reveal weak linear relationships among the pairs of
variables (7(ipid content, sFA) = —0587; T(lipid content, MUFA) = —0067
and 7(ipid content, PUFA) = 0446). This suggests that the fatty acid
profile of each species is independent of its lipid content.

The differences recorded in fatty acid profile, in T. trachurus,
T. mediterraneus and T. picturatus, compared to previous studies,
can be explained by differences in geographical location and
environmental factors, notably the availability and quality of
ingested prey. Celik et al. (2005) reported that the fatty acid com-
position of a freshwater species caught from lakes of different
water temperatures was different. PUFA amounts of the same
fish species caught from the lakes of lower temperatures were
much higher than those of higher temperatures. According to
Winston and Di Giulio (1991), the fatty acid profile of fish gener-
ally, and of PUFA especially, is species-specific and is related to
many factors, such as environmental and dietary factors. Due to
the differences in extraction methods and solvents used in previ-
ous studies, we can primarily attribute the variations observed in
fatty acid profiles to these technical factors.

Nutritional quality of fatty acids

Ulbricht and Southgate (1991) developed AI and TI to evaluate
the fatty acid profile of a food or dietary product and its impact
on human cardiovascular health, especially concerning the pre-
vention or promotion of coronary heart disease (Valfré et al.,
2003). In this study, the lowest AI value was recorded in T.
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picturatus (0.45), while the lowest TI ones were found in T. tra-
churus (0.26) and T. picturatus (0.30). These values indicate
that these two species have a significant protective effect against
cardiovascular diseases compared to T. mediterraneus of the
Eastern Algeria. Compared to the other study areas, the values
of AI and TI obtained in this study in T. trachurus (0.5 and
0.26, respectively) and T. picturatus (0.45 and 0.30, respectively)
are lower. Concerning T. trachurus, Al and TT were estimated at
0.87 and 0.51, respectively, in central Mediterranean of
(Giandomenico et al., 2023) and at 0.33 and 1.83 in the southern
Adriatic coast of Italy (Orban et al., 2011). Also, Nogueira et al.
(2013) estimated these indices for T. picturatus in Northeastern
Atlantic at 0.57 for AI and 1.07 for TI. However, the same
index values obtained in this study are higher (AI=0.95 and
TI=0.97) in T mediterraneus compared to those recorded in
Alboran Sea (AI=0.61 and TI=0.22) (Morales-Medina et al.,
2016), and in two localities of southern Spain (Villajoyosa: Al =
0.47, TI=0.21; Alicante: AI =0.52, TI=0.23) (Fernandez et al.,
2007). The lower the values of the AI and TI indices, the healthier
the food and richer in fatty acids with high nutritional properties
(Giandomenico et al., 2023).

Moreover, T. trachurus represents the highest HH value (2.50),
followed by T. picturatus (2.43) and T. mediterraneus (1.12). That
indicates the high nutritional importance of T. trachurus com-
pared with the other studied species, concerning cholesterol
metabolism. The value obtained in T. trachurus is higher than
those estimated in southeastern Adriatic coast of Italy (1.83) by
Orban et al. (2011) and in central Mediterranean of Italy (1.44)
by Giandomenico et al. (2023). Thus, Nogueira et al. (2013)
found a lower value of the same index in T. picturatus (1.38) in
northeastern Atlantic. Nevertheless, T. mediterraneus represents
a lower value compared to those estimated in Alboran Sea
(1.74) by Morales-Medina et al. (2016), and in two localities of
southern Spain (Villajoyosa: 2.40, Alicante: 2.16) (Fernandez
et al., 2007).

The n6-to-n3 ratio values indicate that T. trachurus and T. pic-
turatus represent significantly lower values (0.15 and 0.14,
respectively) compared to T. mediterraneus (0.36). Compared to
previous studies, T. trachurus represents a more or less different
value of this ratio compared to what Orban et al. (2011) and
Giandomenico et al. (2023) found on the Italian coasts (0.13
and 0.25, respectively). Concerning T. mediterraneus and T.
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picturatus, the values found in this study are lower than those esti-
mated on the northwestern coast of Mediterranean by
Morales-Medina et al. (2016) (0.04) and Fernandez et al. (2007)
(0.12-0.13) for T. mediterraneus, and by Nogueira et al. (2013)
on the northeastern Atlantic (0.08) for T. picturatus. A ratio
n6-to-n3 of 3:1 to 4:1 might prevent many diseases characteristic
of the diet based on animal proteins (Anses, 2011). Likewise,
according to Simopoulos (2010), a né-to-n3 ratio of 1:1-2:1
appears to be consistent with research on evolutionary aspects
of diet, neurodevelopment and genetics.

The obtained values of different indices show that the studied
species have not the same importance as a healthy food.
Trachurus trachurus is the best for cholesterol metabolism, T. pic-
turatus is advisable for the prevention of cardiovascular diseases,
and T. mediterraneus is ranked the best in terms of its omega-3
and 6 content, which makes it beneficial for nutrition and neuro-
development. These differences between species are highly related
to the differences in their fatty acid profiles. Despite these
recorded differences, they are all essential for human health and
are suggested to be included in human diet on a regular basis.

Data. The data that support the findings of this study are available from the
corresponding author, R. Mohdeb, upon reasonable request.

Acknowledgements. Our thanks go to Maayache B., Professor of Biology
and Belghobsi M., Professor of Chemistry at the University of Jijel, Algeria,
for their cooperation throughout the period of this study.

Author contributions. R. M. designed the study, R. M., A. R. and S. D. R.
did the sampling and identified species, R. M., N. B,, L. M. and M. A. did
the experimentation, N. B. analysed data, R. M. and M. H. K. did the statistical
comparisons as well as the manuscript writing and revision.

Financial Support. This research received any specific funding.

Competing interest. None.

References

Agostoni C, Moreno L and Shamir R (2015) Palmitic acid and health: intro-
duction. Critical Reviews in Food Science and Nutrition 56, 1941-1942.
Anses (2011) Actualisation des Apports Nutritionnels Conseillés pour les
acides gras. Rapport d’expertise collective. Cedex, Paris: Edition scientifique,

p. 323.

AOAC (1980) Official Methods of Analysis of the Association of Official
Analytical Chemists. Arlington, VA: AOAC.

AOAC (1990) Official Methods of Analysis, 15th Edn. Washington, DC:
Association of Official Analytical Chemist.

AOAC (2006) Official Methods of Analysis of the A.O.A.C. Washington, DC:
Association of Official Analytical Chemist.

Battaglia P, Pagano L, Consoli P, Esposito V, Granata A, Guglielmo L, Peda
L, Romeo T, Zagami G, Vicchio TM, Guglielmo R and Andaloro F
(2020) Consumption of mesopelagic prey in the Strait of Messina, an
upwelling area of the central Mediterranean Sea: feeding behaviour of the
blue jack mackerel Trachurus picturatus (Bowdich, 1825). Deep Sea
Research Part I: Oceanographic Research Papers 155, 103158.

Bauchot ML (1987) Poissons osseux. In Fischer W, Bauchot ML and
Schneider M (eds), Fiches FAO d’Identification pour les Besoins de la
Péche (Rev. 1). Méditerranée et mer Noire. Zone de péche 37, Vol. 2.
CCE et FAO, pp. 891-1421.

Bauchot ML and Paras A (1980) Guide des poissons marins d’Europe; les
guides des naturalistes. Delachaux et Niestié edition. 427p.

Bensalem M (1988) Régime alimentaire de Trachurus trachurus (Linnaeus,
1758) et de T. mediterraneus (Steindachner, 1868), (Poissons, Téléostéens,
Carangidae) de la province atlantico-méditerranéenne. Cybium 12,
247-253.

Bligh EG and Dyer WJ (1959) A rapid method of total lipid extraction.
Canadian Journal of Biochemistry and Physiology 37, 911-917.

Borja-Magno AI, Furuzawa-Carballeda ], Guevara-Cruz M, Arias C,
Granados J, Bourges H, Tovar AR, Sears B, Noriega L and Gomez FE
(2023) Supplementation with EPA and DHA omega-3 fatty acids improves

https://doi.org/10.1017/50025315425000013 Published online by Cambridge University Press

peripheral immune cell mitochondrial dysfunction and inflammation in
subjects with obesity. Journal of Nutritional Biochemistry 120, 109415.

Celik M (2008) Seasonal changes in the proximate chemical compositions and
fatty acids of chub mackerel (Scomber japonicus) and horse mackerel
(Trachurus trachurus) from the north eastern Mediterranean Sea.
International Journal of Food Science & Technology 43, 933-938.

Celik M, Diler A and Kiigiikgiilmez A (2005) A comparison of the proximate
compositions and fatty acid profiles of zander (Sander lucioperca) from two
different regions and climatic conditions. Food Chemistry 92, 637-641.

Ciccone MM, Scicchitano P, Gesualdo M, Zito A, Carbonara S, Ricci G,
Cortese F and Giordano P (2013) The role of omega-3 polyunsaturated
fatty acids supplementation in childhood: a review. Recent Advances in
Cardiovascular Drug Discovery. (Discontinued) 8, 42-55.

Costa S, Iannotta R, Maggio L, Giovanni L, Barone FS and Giovanni V
(2018) Fish oil-based lipid emulsion in the treatment of parenteral
nutrition-associated cholestasis. Italian Journal of Pediatrics 44, 101.

Demirel N and Yiiksek A (2013) Reproductive biology of Trachurus mediter-
raneus (Carangidae): a detailed study for the Marmara-Black Sea stock.
Journal of the Marine Biological Association UK 93, 357-364.

Derbal F and Kara MH (2001) Inventaire des poissons des cotes de I'Est
algeérien. Rapport de la Commission Internationale pour I’Exploration
Scientifique de la Méditerranée, Vol. 36. Monaco: Commission internation-
ale pour l'exploration scientifique de la Méditerranée, p. 258.

Fenton WS, Hibbeln J and Knable M (2000) Essential fatty acids, lipid mem-
brane abnormalities, and the diagnosis and treatment of schizophrenia.
Biological Psychiatry 47, 8-21.

Fernandez-Jover D, Lopez Jimenez JA, Sanchez-Jerez P, Bayle-Sempere J,
Gimenez Casalduero F, Martinez Lopez FJ and Dempster T (2007)
Changes in body condition and fatty acid composition of wild Mediterranean
horse mackerel (Trachurus mediterraneus, Steindachner, 1868) associated to
sea cage fish farms. Marine Environmental Research 63, 1-18.

Folch J, Lees M and Sloane Stanley GH (1957) A simple method for the iso-
lation and purification of total lipids from animal tissues. Journal of
Biological Chemistry 226, 497-509.

Gherram M, Bensahla Talet A, Dalouche F and Abi Ayad SME (2018) Study
of reproductive aspects of Trachurus trachurus (Linnaeus, 1758) from
western coast of Algeria. Indian Journal of Geo-Marine Sciences 47,
2496-2476.

Giandomenico S, Nigro M, Parlapiano I, Spada L, Grattagliano A, Prato E
and Biandolino F (2023) Effect of in-house cooking in Mytilus galloprovin-
cialis and Trachurus trachurus: lipid and fatty acids quality and polycyclic
aromatic hydrocarbons formation. Food and Chemical Toxicology 173,
1-12.

Grigorakis K (2007) Compositional and organoleptic quality of farmed and
wild gilthead sea bream (Sparus aurata) and sea bass (Dicentrarchus labrax)
and factors affecting it: a review. Aquaculture 272, 55-75.

Grigorakis K, Fountoulaki E, Vasilaki A, Mittakos I and Nathanailides C
(2011) Lipid quality and filleting yield of reared meagre (Argyrosomus
regius). International Journal of Food Science & Technology 46, 711-716.

Guil-Guerrero JL, Venegas-Venegas E, Rincon-Cervera MA and Suarez MD
(2011) Fatty acid profiles of livers from selected marine fish species. Journal
of Food Composition and Analysis 24, 217-222.

Haard NF (1992) Control of chemical composition and food quality attributes
of cultured fish. Food Research International 25, 289-307.

Huang TL, Zandi PP, Tucker KL, Fitzpatrick AL, Kuller LH, Fried LP,
Burke GL and Carlson MC (2005) Benefits of fatty fish on dementia
risk are stronger for those without APOE 4. Neurology 65, 1409-1414.

Iwamoto AA, Crepaldi DV, Boaventura TP, Teixeira LV, Teixeira EA and
Luz RK (2019) Comparative study of the chemical composition, fatty
acid profile, and nutritional quality of Lophiosilurus alexandri
(Siluriformes: Pseudopimelodidae), a Brazilian carnivorous freshwater
fish, grown in lotic, lentic, and aquaculture environments. Neotropical
Ichthyology 17, 1-8.

Kris-Etherton PK, Harris WS, Appel L], American Heart Association and
Nutrition Committee (2002) Fish Oil, Omega-3 Fatty Acids, and
Cardiovascular Disease. Circulation 106, 2774-2757.

Kugo H, Zaima N, Mouri Y, Tanaka H, Yanagimoto K, Urano K, Unno N
and Moriyama T (2016) The preventive effect of fish oil on abdominal aor-
tic aneurysm development. Bioscience, Biotechnology and Biochemistry 80,
1186-1191.

Lee K and Lip G (2003) The role of omega-3 fatty acids in the secondary pre-
vention of cardiovascular disease. Q J Medical 96, 465-480.


https://doi.org/10.1017/S0025315425000013

Mohanty BP, Mahanty A, Ganguly S, Mitra T, Karunakaran D and
Anandan R (2019) Nutritional composition of food fishes and their
importance in providing food and nutritional security. Food Chemistry
293, 561-570.

Morales-Medina R, Garc 1a-Moreno PJ, Pérez-Galvez R, Munio M, Gaudix
A and Gaudix EM (2016) Nutritional indexes, fatty acids profile and
regiodistribution of oil extracted from four discarded species of the
Alboran Sea: seasonal effects. European Journal of Lipid Science and
Technology 118, 1-7.

Neto LBS, Chaves Filho AJM, Casadevall MQFC, de Azevedo OGR, Macédo
DS and de Vasconcelos PRL (2022) Ad libitum consumption of milk sup-
plemented with omega 3, 6, and 9 oils from infancy to middle age alters
behavioral and oxidative outcomes in male mice. Brazilian Journal of
Medical and Biological Research 55, 1-11.

Neves A, Sequeira V, Vieira AR, Silva E, Silva F, Duarte AM, Mendes A,
Ganhio R, Assis C, Rebelo F, Magalhiaes F, Manuel Gil M and Gordo
L (2022) Reproduction of the blue jack mackerel, Trachurus picturatus, in
western Portugal: microscopic gonad analysis reveals indeterminate fecund-
ity and skipped spawning patterns. Zoological Studies 61, 41.

Nogueira N, Cordeiro N and Aveiro MJ (2013) Chemical composition,
fatty acids profile and cholesterol content of commercialized marine fishes
captured in northeastern Atlantic. Journal of Fisheries Sciences 7,
271-286.

Orban E, Di Lena G, Nevigato T, Masci M, Casini I and Caproni R (2011)
Proximate, unsaponifiable lipid and fatty acid composition of bogue (Boops
boops) and horse mackerel (Trachurus trachurus) from the Italian trawl fish-
ery. Journal of Food Composition and Analysis 24, 1110-1116.

Passi S, Cataudella S, Di Marco P, De Simone F and Rastrelli L (2002) Fatty
acid composition and antioxidant levels in muscle tissue of different
Mediterranean marine species of fish and shellfish. Journal of Agricultural
and Food Chemistry 50, 7314-7322.

Pilecky M, Kainz MJ and Wassenaar LI (2024) Evaluation of lipid extraction
methods for fatty acid quantification and compound-specific 613C and
62Hn analyses. Analytical Biochemistry 687, 115455.

Rahmani K, Koudache F and Bennabi F (2020) Diet study of Atlantic horse
mackerel (Trachurus trachurus, Linnaeus,1758) (Carangiformes Carangidae)
caught in BéniSaf Bay, Western Mediterranean Sea (Algeria). Biodiversity
Journal 11, 1021-1030.

Ramos Filho MM, Lima Ramos MI, Hiane PA and Tala de Souza EM
(2010) Nutritional value of seven freshwater fish species from the
Brazilian Pantanal. Journal of the American Oil Chemists’ Society 87,
1461-1467.

https://doi.org/10.1017/50025315425000013 Published online by Cambridge University Press

Rima Mohdeb et al.

Rodriguez-Ruiz J, Belarbi E, Sanchez JL, Garcia L and Lopez Alonso D
(1998) Rapid simultaneous lipid extraction and transesterification for
fatty acid analyses. Biotechnology Techniques 12, 689-691.

Ruxton CHS, Reed SC, Simpson JA and Millington KJ (2007) The health
benefits of omega-3 polyunsaturated fatty acids: a review of the evidence.
Journal of Human Nutrition and Dietetics 20, 275-285.

Santos-Silva J, Bessa R and Santos-Silva F (2002) Effect of genotype, feeding
system and slaughter weight on the quality of light lambs: II. Fatty Acid
Composition of Meat. Livestock Production Science 77, 187-194.

Simopoulos AP (2002) The importance of the ratio of omega-6/omega-3
essential fatty acids. Biomedicine ¢~ Pharmacotherapy 56, 365-379.

Simopoulos AP (2010) The omega-6/omega-3 fatty acid ratio: health implica-
tions. Oléagineux, Corps Gras, Lipides 17, 267-275.

Tapiero H, Nguyen Ba G, Couvreur P and Tew KD (2002) Polyunsaturated
fatty acids (PUFA) and eicosanoids in human health and pathologies.
Biomedicine & Pharmacotherapy 56, 215-222.

Tocher DR (2003) Metabolism and functions of lipids and fatty acids in teleost
fish. Reviews in Fisheries Science 11, 107-184.

Tufan B, Baggmar N and Kose S (2016) Comparison of Proximate
Composition and Fatty Acid Profile of On-Growing and Wild
Mediterranean Horse Mackerel (Trachurus mediterraneus). Journal of
Aquatic Food Product Technology, 25, 1284-1300.

Turan F, Giirlek M and Yaglioglu D (2007) Dietary red clover (Trifolium pra-
tense) on growth performance of common carp (Cyprinus carpio). Journal
of Animal and Veterinary Advances 6, 1429-1433.

Ulbricht T and Southgate D (1991) Coronary heart disease: seven dietary fac-
tors. The Lancet 516, 985-992.

Valfré F, Caprino F and Turchini G (2003) The health benefit of seafood.
Veterinary Research Communications 27, 507.

Van Der Merwe R, Labuschagne MT, Herselman L and Hugo A (2013)
Stability of seed oil quality traits in high and mid-oleic acid sunflower
hybrids. Euphytica 193, 157-168.

Viette M, Giulianini PG and Ferrero EA (1997) Reproductive biology of scad.
Trachurus mediterraneus (Teleostei. Carangidae) from the Gulf of Trieste.
ICES Journal of Marine Science 54, 267-272.

Ward OP and Singh A (2005) Omega-3/6 fatty acids: alternative sources of
production. Process Biochemistry 40, 3627-3652.

Winston GW and Di Giulio RT (1991) Prooxidant and antioxidant mechan-
ism in aquatic organism. Aquatic Toxicology 19, 137-161.

Zlatanos S and Sugredos AN (1993) The fatty acids composition of some
important Mediterranean fish species. European Journal of Lipid Science
and Technology 95, 66-69.


https://doi.org/10.1017/S0025315425000013

	Comparative study of fat content, profile and quality of fatty acid in three species of Carangidae of southwestern Mediterranean
	Introduction
	Materials and Methods
	Sampling
	Sample preparation
	Lipid extraction
	Estimation of lipid content
	Transesterification
	Fatty acid analysis
	Nutritional quality of fatty acids
	Statistical analysis

	Results
	Lipid content
	Fatty acid profile
	Fatty acid profile of T. trachurus
	Fatty acid profile of T. mediterraneus
	Fatty acid profile of T. picturatus

	Nutritional quality of fatty acids

	Discussion
	Lipid content
	Fatty acid profile
	Nutritional quality of fatty acids

	Acknowledgements
	References


