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Abstract
Total lipids, fatty acid composition and heavy metal content of Sardina pilchardus fillet
samples captured in February 2014 in Beni saf, Mostaganem, Ghazaouet, Algiers and
Jijet coast were evaluated. Total lipid content was related to the five sites of catch
(p<0.05), ranging from 7.18 g 100g-1 for Algiers to 10.07g 100g-1 for Beni saf. The fatty
acid composition of S. pilchardus shows a high content of polyunsaturated fatty acids
(PUFAs) dominated by n-3 fatty acids eicosapentaenoic acid (EPA C20:5 n-3) and
docosahexaenoic acid (DHA C22:6n-3) with maximum rates of 15.75% and 33.42%,
respectively (p<0.05). The saturated fatty acid (SFA) content was important in different
samples of sardines, ranging from 35.50% to 41.32% according to sites of capture
(p<0.05). Concerning the heavy metals, the levels of lead (Pb) ranged from 0.013mg to
0.024mg, however those of mercury (Hg) varied from 0.080 mg to 0.130 mg (p<0.05),
which affects the health value of the fish species.
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Introduction
Fish is considered as an essential amino
acid and protein source for the global
population (Ghaly et al., 2013). In
Algeria, the amount of seafood is
estimated at 100,000 tons per year
(Algerian Ministry of Fisheries, 2013).
In addition, marine fish contain other
important
nutrients
for
human
consumption such as trace elements,
lipid-soluble
vitamins
and
polyunsaturated fatty acids (PUFAs). It
should be noted that linoleic (C18:2, n6) and linolenic (C18:3, n-3) acids are
present in low amounts in marine fish,
while eicosapentaenoic (EPA, C20:5, n3) and docosahexaenoic (DHA, C22:6,
n-3) acids are in high quantities
(Artemis and Simopoulos, 1988). The
steady growth of human populations
results in higher fish consumption partly
due to their omega 3–PUFA (ω-3) that
confer a decisive role in the prevention
of cardiovascular diseases (Bouderoua
et al., 2011) and neurodegenerative
syndromes such as Alzheimer’s disease
(Moyad, 2005). However, there is a
wide variation in the fatty acid
composition of fish of the same species.
The nature of diet, seasonal variation
and location are the fundamental factors
affecting the fatty acid composition
(Özogul and Özogul, 2007).
Currently, industries and human
activities intensify the emission of
various
environmental
pollutants
(Yabanli, 2013) such as heavy metals
for which the interest of determination
in the aquatic environment and fish
became necessary (Kayhan et al., 2010).
Naturally, sea water contains low

concentrations of heavy metals but their
rates increase due to anthropogenic
pollutants (Kargin and Dönmez, 2001).
Fish and other aquatic life are
continuously in contact with these
pollutants (Burger et al., 2002) which
accumulate in large quantities in fish
(Olaifa et al., 2003). Some heavy metals
such as cadmium and lead damage the
kidneys, causing symptoms of chronic
toxicity and other diseases such as
cancers
(tumors),
and
hepatic
dysfunction (Abou-Arab et al., 1996).
The aim of this study was to
determine the fatty acid profile of
Sardina pilchardus fished in five
different locations of the Algerian coast
(Beni Saf, Gazahouet, Mostaganem,
Algiers and Jijel) and to assess the
levels of two heavy metals (lead and
mercury), which may impair the health
value of this fish species.
Materials and methods
Sample preparation
Sardina pilchardus samples were
captured from five different sites along
the Algerian coast during the month of
February 2014. Concerning the west
coast the fishing regions selected were:
Beni Saf (latitude: 35° 18′ 08″ N;
longitude: 1° 23′ 01″ W), Mostaganem
(latitude: 35° 56′ 00″ N; longitude: 0°
05′ 00″ E) and Ghazaouet (latitude: 35°
05′ 38″ N; longitude: 1° 51′ 37″ W),
while from the central and east coasts
sardines were captured in Algiers
(latitude: 36° 46′ 34″ N; longitude: 3°
03′ 36″ E) and Jijel (latitude: 36° 49′
00″ N; longitude: 5° 46′ 00″ E)
locations, respectively. 60 sardine
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samples for each site of capture were
maintained in polystyrene boxes
containing ice and transported to the
laboratory where metric measurements
were carried out. The initial mean body
of sardine samples ranged from 22 g to
34 g and the length from 13 cm to 18
cm. The fish were gutted and the head,
viscera, and backbone were removed
while the edible flesh was chopped and
stored at −20⁰C for further analysis.
Total lipids and gas chromatographic
analysis
Total lipids were extracted by a mixture
of chloroform/methanol (2:1, by
volume) according to Folch et al.
(1957).
Fatty acid methyl esters of all sardine
samples were prepared using a solution
of 0.5N KOH in CH3OH (KOH–CH3OH
method) and extracted with 5 ml nhexane (Nasopoulou et al., 2012). Fatty
acid methyl esters were separated and
quantified by gas chromatographer
Shimadzu
CLASS
VP
(GC17A) (Kyoto, Japan) equipped with a
split/splitless injector, flame ionisation
detector and fused silica capillary
column (60 mx 0.251 mm i.d ., 0.25 μm;
Agilent, Santa Clara California, USA).
The
oven
temperatures
were
programmed as follows: 120°C, held for
5 min, raised to 180°C at 10°C·min−1,
then to 220°C at 20°C·min−1 and finally
isothermal at 220°C for 30 min. The
temperatures of the injector port and
detector were held at 220°C and 225°C
respectively. The carrier gas was high
purity helium with a linear flow rate of 1
mL min−1 and split ratio of 1:50. Fatty
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acids are expressed as percentage of
identified fatty acids and total amount
calculated using an internal standard
(C17:0).
Digestion and heavy metal assessment
One gram of each sardine sample was
digested with a mixture of 10 ml of
sulfuric acid (H2SO4, Sigma-Aldrich,
USA) and 5 ml of nitric acid (HNO3,
Sigma-Aldrich, USA) for 60 min at 250
°C in an Automatic Kjeldahl Digestion
Unit VELP (DKL, 8 Series) until the
solution became transparent. Each
solution volume was raised to 50 ml
with distilled water and all the digests
were filtered through a Whatmann filter
paper to remove the impurities. The
filtrates were transferred to glass tubes
rinsed with 5% HNO3, capped with
polyethylene films and stored at room
temperature until further analysis.
Heavy metals were determined using
an atomic absorption spectrophotometer
(AAS) Shimadzu AA – 7000. Metal
concentrations (Pb and Hg) were
determined as milligram of metal per
kilogram of filets of sardine samples.
Limits of detection were 0.05 and 0.06
mgkg-1 for Pb and Hg, respectively.
Lead and Mercury levels were recorded
from the digital scale of AAS and
calculated according to the following
equation: C=R x (D/W). Where, C:
concentrations of element (mgkg-1), R:
reading of digital scale of AAS, D:
Dilution of prepared sample and W:
Weight of the sample (Shaltout et al.,
2015).
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Statistical analysis
Statistical analysis was performed using
ANOVA
analysis
(IBM
SPSS
software® version 20) followed by the
Duncan test. Data were expressed as
mean±SD
and
differences
were
considered significant for p<0.05.
Results
According to Table 1, the lipid content
of all sardine samples was ranged from
7.18 % to 10.07 % for Algiers and Beni
saf fillets sardine, respectively (p<0.05).
Also, Table 1 gives the % of 12 FA for
Sardina pilchardus caught in Algerian
coast. The fatty acid compositions of
sardine fillets ranged between 35.50 %
and 41.32 % for saturated (SFA), 14.22–
22.27% for monounsaturated (MUFAs)
and 36.63-47.96 % for polyunsaturated
acids (PUFAs).
Those occurring in the highest
proportions were palmitic acid (C16:0,
20.10–27.84%), palmitoleic acid (C16:1
ω-7, 2.23–6.10%), oleic acid (C18:1 ω-9
cis, 5.57–16.07%), linoleic acid (C18:2
ω-6, 1.45–5.89%), eicosapentaenoic
acid (EPA, C20:5 ω-3, 7.60–15.75%)
and docosahexaenoic acid (DHA, C22:6
ω-3, 16.83–33.42%). It was also
observed that the levels of these fatty
acids changed significantly between
different sites of catch (p<0.05).
The profile of fatty acids presents a
dominance of the two classes, SFAs and
PUFAs (Table 1). The proportions of
PUFAs (ω-3) (ranging from 29.4% for
Ghazaouet sardine to 42.4% for
Mostaganem sardine) were higher than
those of PUFAs (ω-6) (ranging from
2.58% Algiers sardine to 7.23% for

Ghazaouet sardine). Concerning total
PUFAs, the highest content was found
for Mostaganem sardine (47.96%).
In this study, the first saturated fatty
acid, contributing to 56.23-67.37% of
the total saturated fatty acids (SFAs)
was Palmitic acid (C16:0). Oleic acid
(18:1 cis ω-9) was the most represented
of the total MUFAs, particularly in
Algiers (72.91% of total MUFAs) and
Jijel sardine (72.15% of total MUFAs).
For PUFAs, the major fatty acids
identified were eicosapentaenoic acid
(EPA, C20:5ω-3) and docosahexaenoic
acid (DHA, C22:6ω-3). The highest
EPA values were obtained in Beni saf
and Ghazaouet sardine, accounting for
38.36% and 31% of total PUFAs,
respectively (p<0.05). The high rates of
DHA
(p<0.05)
were
found
approximately similar in Algiers,
Mostaganem and Jijel sardine (69% of
total PUFAs), whereas Beni saf (52% of
total PUFAs) and Ghazaouet sardine
(46% of total PUFAs) showed lower
DHA contents.
Concerning the ratio n6/n3, this
parameter varied from 0.06 to 0.24 and
showed significant differences (p<0.05)
between sites of catch of this study. At
the same time the ratio PUFA/SFA of
Mostaganem (1.13), Beni saf and Jijel
sardine (1.15) were highest, whereas,
the lowest values were registered for
Algiers sardine (1.01) and Ghazaouet
sardine (0.88).
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Table 1: Total lipids (g 100g-1) and fatty acids profile of Sardina pilchardus fillets caught in
Algerian coasts (in % of identified FA).
Sites
Algiers
Mostaganem Jijel
Beni Saf
Ghazaouet
TL

7.18 ± 0.50d

8.69 ± 0.32b,c

7.80 ± 0.84d

10.07 ± 0.74a

9.17 ±0.93b

C14:0

3.13 ± 0.19b

3.06 ± 0.18b

2.55 ± 0.40b

6.73 ± 0.11a

6.47 ± 0.48a

16:0

27.27± 0.67b

20.10 ± 1.83c

27.63 ± 0.42a

23.79 ± 0.23b

27.84 ± 0.91a

16:1 (ω-7)

2.23 ± 0.28b

2.98 ± 0.16b

2.57 ± 0.07b

6.10 ± 0.34a

5.79 ± 0.06a

18:0

9.85 ± 4.94a

12.58 ± 2.72a

5.56 ± 0.03a

4.98 ± 0.10a

6.74 ± 0.16a

18:1 cis (ω-9)

13.14± 0.83b

5.57 ± 0.79e

16.07 ± 0.20a

7.18 ± 0.31d

8.82 ± 0.32c

18:1 trans (ω-9)

1.47 ± 0.17d

2.44 ± 0.26d

2.33 ± 0.05c

3.62 ± 0.03b

4.08 ± 0.06a

18:2 (ω-6)

2.12 ± 0.23b

2.83 ± 0.42b

2.75 ± 0.02c

1.45 ± 0.10b

5.89 ± 0.08a

18:3 (ω-3)

2.29 ± 1.15a

1.13 ± 0.27a

1.40 ± 0.01a

1.09 ± 0.03a

1.23 ± 0.02a

20:1 (ω-6)

1.18 ± 0.09c

3.23 ± 0.47b

1.30 ± 0.04b

3.72 ± 0.19a

1.45 ± 0.67b

20:4 (ω-6)

0.46 ± 0.12c

2.73 ± 0.46a

0.70 ± 0.01c

1.38 ± 0.02b

1.34 ± 0.01a.b

20:5 (ω-3) EPA

7.74 ± 0.51c

7.85 ± 1.74c

7.60 ± 0.13c

15.75 ± 0.15a

11.34 ± 0.06b

22:6 (ω-3) DHA

28.34± 0.53b

33.42 ± 1.12c

28.71 ± 0.82a

21.38 ± 0.27d

16.83 ± 0.74e

Total SFA

40.25± 5.80a,b

35.74 ± 4.73c

35.74 ± 0.85b

35.5 ± 0.44b

41.32 ± 1.55a

Total ω-9 FA

14.61± 1.00b

8.01 ± 1.05d

18.4 ± 0.25a

10.8 ± 0.34c

12.9 ± 0.38b

Total MUFA

18.02 ± 1.37c

14.22 ± 1.68d

22.27 ± 0.36a

20.62 ± 0.87b

20.14 ± 1.11a.b

Total ω-3 PUFA

38.37±2.19b

42.40 ± 3.13a

37.71 ± 0.96a

38.22 ± 0.45a

29.4 ± 0.82a

Total ω-6 PUFA

2.58±0.35c

5.53 ± 0.88b

3.45± 0.03b,c

2.83 ± 0.12b

7.23 ± 0.09a

Total PUFA

40.95 ± 2.54c

47.96 ± 4.01d

41.16 ± 1.00a

41.05 ± 0.57b

36.63 ± 0.91b,c

PUFA/SFA

1.01±0.43b,c

1.34 ± 0.84a

1.15 ± 1.17b

1.15 ± 1.29b

0.88 ± 0.58c

ω-6/ω-3

0.06 ± 0.15d

0.13 ± 0.28b

0.09 ± 0.03c,d

0.07 ± 0.26b,c

0.24 ± 0.10a

At*

0.67±0.10b

0.52±0.21b,c

0.59±0.31b

0.82±0.51a

0.94±0.11a

Results are means ± SD; n = 3. The values in the same line with different superscript letter (a-b-c-d-e)
are significantly different (p<0.05).
At*: Index of atherogenicity, according to Ulbricht and Southgate (1991); calculated as:
(4×C14:0+C16:0)/(ΣMUFA + Σ PUFA).

About heavy metals, the levels of
mercury (Hg) and lead (Pb) in sardine
fillets (Sardina pilchardus) captured
from different sites of Algerian coast are
shown in Table 2.

Lead levels in sardine ranged from
0.013 mg kg-1 in Ghazaouet to 0.024mg
kg-1 in Mostaganem (p<0.05).
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Table 2: The heavy metal concentrations (Pb, Hg) in fillets sardines (Sardina pilchardus) caught in
Algerian coasts as mg/kg.
Sites
Algiers
Mostaganem
Jijel
Beni Saf
Ghazaouet
Pb
Hg

0.016± 0.01c,d
0.091± 0.01c,d

0.024± 0.02a
0.117± 0.03a,b

0.017± 0.01b,c
0.130± 0.01a

0.018± 0.01a,b
0.101± 0.02b,c

0.013± 0.00d
0.080± 0.00d

Results are means±SD; n=3. The values in the same line with different superscript letter (a-b-c-d) are
significantly different at 5% (p<0.05)

In this study, the levels of mercury
varied from 0.080 mg/kg (Ghazaouet
sardine) to 0.130 mg/kg (Jijel sardine)
with a difference of 38.50% between
these two sites (p<0.05).
Discussion
Generally, fish lipid content is affected
by different factors such as fish diet, the
different fish species, the season and the
geographical origin (Rasoarahona et al.,
2005). Lipid content obtained shows
points of similarity to the study carried
out by Bandarra et al. (1997); who
found the value of 8 and 3g 100g-1 on
Sardina pilchardus.
Concerning total PUFAs, the highest
content was found for Mostaganem
sardine (47.96%), analogous results
were found by Bandarra et al. (1997)
and Okada and Morrissey (2007) with
levels total PUFAs of 42% and 45%
respectively. Nevertheless, the results of
this study appear distinctly higher than
those found by Zlatanos and Laskaridis
(2007) at the rate of 37.5% for the
sardine caught in the east of the
Mediterranean Sea. In this study, the
eicosapentaenoic acid (EPA, C20:5ω-3)
and docosahexaenoic acid (DHA,
C22:6ω-3) were found in higher

proportions.
These
PUFAs
are
considered fundamental for human and
animal nutrition (Innis 2004). In the
human diet, EPA is the most essential
fatty acid of the ω-3 series because it is
the precursor to the 3-series eicosanoids
(Chen et al., 1995). DHA proportions
obtained are clearly superior to that
found by Bouderoua et al. (2011) within
sardines caught in the Algerian coast
(56.22% of total PUFAs). According to
Watanabe et al. (1991), the DHA is
considered more efficient than EPA as
an essential fatty acid; which improves
the health value of the sardine. Also,
this research noticed a decrease of EPA
at the expense of DHA. Similar results
were obtained by Bouderoua et al.
(2011) on Algerian S. pilchardus fillets
with rates of 9.85% for EPA and
26.66% for DHA. According to Saito et
al. (1997), the variation of fatty acid
composition of fish depends on fishing
ground,
being
influenced
by
environmental
conditions
and
geographical effects.
For the ratio PUFA/SFA, the values
obtained in this work (0.88-1.13) were
higher than that (0.8) obtained by
Özogul and Özogul (2007) for
Sardinella aurita (Sardine).

Iranian Journal of Fisheries Sciences 16(3) 2017

Finally, the tests on heavy metal
contents showed that the mercury
concentrations (0.080 - 0.130 mg kg-1)
were higher than lead (0.013 - 0.024mg
kg-1). This heavy metal may be directly
ingested by man or indirectly by fish
(Olaifa et al., 2003).
Yabanli (2013) reported a mean lead
concentration of 0.140 mg kg-1 in the
sardine from İzmir (Turkey). According
to the “South African Department of
Health”, the maximum lead level
permitted in fresh and processed fish is
0.50
mg
kg-1,
however,
the
“Commission
of
the
European
Communities” tolerates the maximum of
0.30 mg/kg (Bosh et al., 2015). In
addition, mercury can be found in the
human food chain from seafood (Plessi
et al., 2001). In the literature, the
maximum mercury content of sardine
was estimated as 0.090 mg kg-1 (Shiber,
2010). These results revealed that
mercury concentrations in different
sardine samples were found to be higher
than the legal limits; except in
Ghazaouet sardine.
References
Abou-Arab, A.A.K., Ayesh, A.M.,
Amra, H.A. and Naguib K., 1996.
Characteristic levels of some
pesticides and heavy metals in
imported fish. Food Chemistry,
57(4), 487-492.
Algerian Ministry of Fisheries, 2013.
Aquaculture.
Rôle
dans
la
contribution à la sécurité alimentaire.
Retrieved from:
http://mpeche.gov.dz/IMG/pdf/comm
unication_jma-mprh.pdf.

1027

Artemis, P. and Simopoulos, A.P.,
1988. Fatty acids in growth and
development and in health and
disease part I: The role of Ω-3 fatty
acids in growth and development.
Nutrition Today, 23(2), pp. 10-19.
Bandarra, N.M., Batista, I., Nunes,
M.L., Empis, J.M. and Christie
W.W., 1997. Seasonal changes in
lipid composition of sardine (Sardina
pilchardus). Journal of Food
Science, 62, 40–42.
Bosh, A.C., O’Neill, B., Sigge, G.O.,
Kerwath, S.E. and Hoffman, L.C.,
2015. Heavy metals in marine fish
meat and consumer health: a review.
Journal of the Science of Food and
Agriculture, 96(1), 32-48.
Bouderoua,
K.,
Mourot,
J.,
Benmehdi-Tabet-Aoull, F. and
Selselet-Attou G., 2011. The effects
of season and site of catch on
morphometric
characteristics,
mineral content, and fatty acids of
sardines (Sardina pilchardus) caught
on the Algerian coast. Journal of
Aquatic Food Product Technology,
20(4), 412-420.
Burger, J., Gaines K.F., Shane
Boring, C., Stephens
W.L.,
Snodgrass,
J.,
Dixon,
C.,
McMahon, M., Shukla, S., Shukla,
T. and Gochfeld M., 2002. Metal
levels in fish from the Savannah
River: potential hazards to fish and
other
receptors.
Environmental
Research, 89, 85-87.
Chen, I.C., Chapman, F.A., Wei, C.I.,
Porteir, K.M. and O’Keefe, S.F.,
1995. Differentiation of cultured and
wild sturgeon (Acipencer oxyrinchus

1028 Benguendouz et al., Fatty acid profile and assessment of heavy metals content of Sardina …

desotoi) based on fatty acid
composition. Journal of Food
Science, 60(3), 631–635.
Folch, J., Lees, M. and Sloane
Stanley, G.H., 1957. A simple
method for isolation and purification
of total lipids from animal tissues.
The Journal of Biological Chemistry,
226, 497–509.
Ghaly, A.E., Ramakrishnan, V.V.,
Brooks, M.S., Budge, S.M. and
Dave, D., 2013. Fish processing
wastes as a potential source of
proteins, amino acids and oils: A
critical review. Journal of Microbial
and Biochemical Technology, 5, 4.
Innis, S.M., 2004. Polyunsaturated fatty
acids in human milk: An essential
role in infant development. Advances
in Experimental Medicine and
Biology, 554, 27–43.
Kargin, F., Dönmez, A. and Çoğun,
H.Y., 2001. Distribution of heavy
metals in different tissues of the
shrimp Penaeus semiculatus and
Metapenaeus monocerus from the
Iskenderun Gulf, Turkey: seasonal
variations. Bulletin of Environmental
Contamination and Toxicology, 66,
102–109.
Kayhan, F.E., Muslu, M.N., Colak, S.,
Koc, N.D. and Colak, A., 2010.
Lead (Pb) levels in liver and muscle
tissues of Atlantic bluefin tuna
(Thunnus thynnus Linnaeus, 1758).
Ekoloji, 19(76), 65-70.
Moyad, M.A., 2005. An introduction to
dietary/supplemental omega-3 fatty
acids for general health and
prevention: Part II. Urol. Journal of
Clinical Oncology, 23, 36–48.

Nasopoulou, C., Demopoulos, C.A.
and Zabetakis I., 2012. Effect of
freezing on quality of sea bass and
gilthead sea bream. European
Journal of Lipid Science and
Technology, 114, 733–740.
Okada, T. and Morrissey, M.T., 2007.
Seasonal changes in intrinsic
characteristics of Pacific sardine
(Sardinops sagax). Journal of
Aquatic Food Product Technology,
16(1), 51–71.
Olaifa, F.E., Olaifa, A.K. and Lewis,
O.O., 2003. Toxic stress of lead on
Clarias gariepinus (African catfish)
fingerlings. African Journal of
Biomedical Research, 6, 101-104.
Özogul, Y. and Özogul, F., 2007. Fatty
acid profiles of commercially
important fish species from the
Mediterranean, Aegean and Black
Seas. Food Chemistry, 100, (4),
1634–1638.
Plessi, M., Bertelli, D. and Monzani,
A., 2001. Mercury and selenium
content in selected seafood. Journal
of Food Composition and Analysis,
14, 461-467.
Rasoarahona, J.R.E., Barnathan, G.,
Bianchini, J.P. and Gaydou, E.M.,
2005. Influence of season on the lipid
content and fatty acid profiles of
three tilapia species (Oreochromis
niloticus, O. macrochir and Tilapia
rendalli) from Madagascar. Food
Chemistry, 91(4), 683–694.
Saito, H., Ishihara, K. and Murase,
T., 1997. The fatty acid composition
in tuna (Bonito, Euthynnus pelamis)
caught at three different localities
from tropics to temperate. Journal of

Iranian Journal of Fisheries Sciences 16(3) 2017

the Science of Food and Agriculture,
73(1), 53–59.
Shaltout A., Fahim., Hashim F.,
Mohammed, El-nahas-Saber, 2015.
Detection of some heavy metals in
fish (Tilapia nilotica and Clarias
lazera) at Menofia governorate.
BENHA Veterinary Medical Journal,
29(1), 124-128.
Shiber, J.G., 2010. Arsenic, cadmium,
lead and mercury in canned sardines
commercially available in eastern
Kentucky, USA. Marine Pollution
Bulletin, 62(1), 66-72.
Ulbricht, T.L.V. and Southgate,
D.A.T., 1991. Coronary heart
disease: Seven dietary factors.
Lancet, 338, 985–992.
Watanabe,
T.,
Arakawa,
T.,
Takeuchi, H. and Sato, S., 1991.
Comparison
between
eicosapentaenoic
and

1029

docosahexaenoic acids in terms of
essential fatty acid efficiency in
juvenile striped jack Pseudocaranx
dentex. Nippon Suisan Gakkaishi, 55,
1989–1995.
Yabanli, M., 2013. Assessment of the
Heavy Metal Contents of Sardina
pilchardus sold in Izmir, Turkey.
Ekoloji, 22, 87, 10-15.
Zlatanos, S. and Laskaridis, K., 2007.
Seasonal variation in the fatty acid
composition of three Mediterranean
fish Sardine (Sardina pilchardus),
anchovy (Angraulis encrasicholus)
and picarel (Spicara smaris). Food
Chemistry, 103, 725–728.

