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Proximate, mineral and amino acids composition of Atlantic Mackerel in the 
Tunisian eastern coastal waters were analyzed in the muscles according to 
standards (ISO 6496-1999; ISO 5984-2002; ISO 5983-1997; AOCS, Ba 3-38)  
method. Results revealed that moisture, lipids, protein and ash contents of 
the analyzed samples vary with season, with higher values obtained in 
spring for lipid content (16.03%); in summer for ash and moisture (2.54% 
and 72.12%) and in winter for protein (26.99%). The essential amino acids 
(EAA) detected are phenylalanine, valine, threonine, isoleucine, methionine, 
histidine, arginine, leucine and lysine which total level are about (33.79 
g/100 g protein).  Among the nutrient elements investigated the most 
abundant is Phosphorus (P) with a high value (576, 69 mg/100 g) in autumn; 
potassium (K) (324.68 mg/100 g) followed by those of sodium (Na) and 
magnesium (Mg) (95.30 mg/100 g, 70.59 mg/100 g) in summer and calcium 
(Ca) (39.85 mg/100 g) in spring. The other identified elements as Fe, Zn and 
Mn are present in very small quantities. However, the seasonal variation of 
these mineral contents were observed, and essentially influenced by food 
availability, fish physiological state and environmental parameters. 
  
Key words:_Atlantic Mackerel, proximate composition, amino acids, minerals, 
seasonal variation. 

 
 
 
INTRODUCTION 
 
Sea food products contain different and essential 
components for healthy diet. Fish species are major source 
of proteins and lipids (Bourigua et al., 2010) . It   provide an 
important amount of polyunsaturated fatty acids (PUFAs), 
vitamins, minerals, and essential amino acids (varlik et al., 
2004; Erkan et al., 2010). This fish containing long muscles, 
and the fish flesh is easy digestible, which oil is a rich 
source of polyunsaturated fatty acids (PUFAs) mainly those 
of n-3 family including eicosapentaenoic acid (EPA or 20:5 
n-3), docosapentaenoic acid (DPA or 22:5 n-3) and 
docosahexaenoic acid (DHA or 22:6 n-3) having some 
beneficial effects on cardiovascular diseases and cancers 
(Marchioli, 2001, 2002; Luzia et al., 2003).  

Amino acids are the major protein constituents 
responsible for the synthesis of most body tissues, 
enzymes, hormones and other metabolic molecules 

(Oluwaniyi et al., 2010). Fish muscle tissue is the main 
element for human food containing important amino acids 
necessary in human diet having an essential impact on 
growth, maintenance process, inflammation and wound 
healing (Erkan et al, 2010; Zuraini et al. 2006).  

Ash consists of large number of different minerals 
essential in human diet in very low quantities, not only to 
promote good health but also to maintain life itself. There 
are two types of minerals: major minerals (Calcium, 
Phosphorus, Potassium, Magnesium etc.) which are 
essential to human health and play an important role in 
biological system; and trace minerals (Iron, Manganese, 
Iodine etc.) which are essential for normal tissue 
metabolism and for maintenance of health (Kumaran et al., 
2012). 

The   aim   of   current  study  is to investigate amino acids 
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Figure 1: Geographical location of the fishing harbor: Teboulba 

 
 
 
profile and seasonal variation in mineral contents of 
Scomber scombrus mussels from the Middle East of Tunisia.  
 
 
MATERIAL AND METHODS 
 
Biological Material 
 
Fish samples were collected monthly from Teboulba fishing 
port located in the middle east of Tunisia (Figure 1) which 
production during the period study extending from May 
2010 to April 2011 was about 2168 Tons (DGPA, 2013). A 
total of 360 specimens (126.4g ±7g and 23.9cm ± 5cm) 
were analyzed.  

After catching, samples were kept in ice, transported 
immediately to the laboratory where they were rapidly 
measured, filleted, washed and then stored at -20°C until 
analysis.  
 
Analysis 
 
Moisture content of fish samples (5g) were determined by 
ISO 6496-1999 after drying in an oven at 105 °C with (n=6). 
Ash content was determined after combustion of flesh 
samples (5g) for 12 h at 550°C with (n = 6), according to 
ISO 5984-2002. 

Crude protein (N×6.25) was analyzed by the Kjeldahl 
method (ISO 5983-1997)  and   results  were   expressed  as 

percentage of dry weight (n = 6).  
Total lipid was determined by Soxhlet extraction (AOCS, 

Ba 3-38) using dry flesh powder (5g) with 200 ml of 
petroleum ether for (6h). The extracted oil was evaporated 
under vacuum at 65°C with a rotary evaporator, and then 
placed in an oven for 1 h at 45°C before being transferred 
into desiccators and reweighing; results are expressed as a 
percentage of dry tissue (n=6). 

 Samples for total amino acids analysis were hydrolyzed 
in 6 M HCl for 22 h at 110 °C as described by Cohen and 
Michaud, (1993) and then identified by an Agilent 
chromatograph L1100 (HPLC) equipped with a quaternary 
pump, and a 20 μl injection valve and a diode array and 
fluorescence detectors; and C18 column with an internal 
diameter (250x4.6mm) 5µm.  Mobile phase A was 10% of 
acetonitrile/methanol/water (45:45:10; v/v/v) and B was 
90% of sodium phosphate buffer Na2HPO4 (pH 6.5). The 
flow rate was constant at 1 ml/min, and the column 
temperature was set at 25°C. The fluorescence excitation 
and emission wavelengths were 340 nm and 450 nm 
respectively. Amino acids were identified by comparison of 
their retention times with those of standards (Sigma) and 
quantified with the software EZChrom Elite™ CDS 
Chromatography, using Sigma amino acids as external 
standard. Results were expressed in term of g amino acid 
per 100g of protein. 

Minerals analysis were done using ICP-MS. Phosphorus 
was  determined by  a spectrometric  method   according  to  

Teboulba 
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Table 1. Mackerel proximate composition (%) 
 
 
 
 
 
 
 

Means with the same letter within rows are not significantly different (p > 0.05); * significant at 0.05; ** significant at 0.01; *** 
significant at 0.001 

 
 

Table 2. Seasonal variation of mineral contents in mackerel flesh (mg/100g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Means with the same letter within rows are not significantly different (p > 0.05); * significant at 0.05; ** significant at 0.01; *** significant 
at 0.001. 

 
 
 
ISO 6491-1998 and calcium by atomic absorption 
spectrometry (ISO 6869-2000); all analysis were done with 
samples (n=6). 

 
Statistical Analysis 

 
Statistical analysis was made by SAS software, version 9.1. 
Seasonal variation in Mackerel flesh composition was 
tested using the Student Newman and Kull tests. 
Differences with values of P<0.05 were considered to be 
statistically significant. 

 
 
RESULTS  
 
Proximate Composition 

 
Scomber scombrus proximate composition is summarized in 
Table 1. Seasonal variation of moisture, ash and lipid 
contents is highly significant (p<0.05), whereas that of 
protein is insignificant (p>0.05).  

As observed, lipids level range from 16.03% in spring to 
4.38% in summer, this lipid falling rate is followed by an 
increase in moisture and ash contents in summer with 
about 72.12% and 2.54%.  High protein levels are obtained 
in winter with about 26.99% decreasing in autumn to 
21.10%. 

Mineral Contents 

 
In total twelve minerals were identified in Mackerel 
mussels. As shown in (Table 2) the most abundant minerals 
are: phosphorus (P), potassium (K) followed by those of 
sodium (Na), magnesium (Mg), and calcium (Ca). Highest 
values of these components are obtained in autumn for 
phosphorus (576.69 mg/100 g), in spring for Ca (39.85 
mg/100 g) and in summer for K, Na and Mg with about 
324.68; 95.30; 70.59 mg/100 g, respectively.  

Phosphorus is the most abundant mineral in Mackerel 
fillets with highest concentration during the study period, 
values vary from 525.49 mg/100 g in winter to 576.69 
mg/100 g in autumn; seasonal variation was not important 
(p>0.05).  

Calcium (Ca) values ranged from 33.63 mg/100 g in 
winter to 39.85 mg/100 g in spring, which seasonal 
variation is insignificant (p>0.05).  

Potassium (K) and Sodium (Na) minimal values are 
obtained in spring with about (157.54 and 71.13) mg/100g; 
highest levels are noted in summer (324.68; 95.30) mg/100 
g. Seasonal variation is statistically significant (p<0.05). 

Magnesium (Mg) values are about (44.23 mg/100 g) in 
winter and (70.59 mg/100 g) in summer showing a highly 
significant difference between seasons (p <0.05).   

 Comparatively with the cited minerals it was noted that 
Iron (Fe), Zinc (Zn), Copper (Cu) and Manganese (Mn) were  

Parameters Autumn Winter Spring Summer P-value 
Moisture (%) 71.01±0.5b 70.94±0.64b 71.59±1.31b 72.12±1.33a *** 
Protein (%) 21.10±2.36a 26.99±3.39a 24.28±1.36a 24.58±1.55a ns 
Lipid (%) 7.59±2.58c 8.99±1.11b 16.03±1.36a 4.38±1.21d *** 
Ash (%) 2.18±0.26a 1.58±0.25b 1.75±0.31b 2.54±0.34a *** 

Minerals Autumn Winter Spring Summer P- value 
Zinc (Zn) 1.43±0.47a 1.28±0.46a 1.23±0.56  a 1.65±0.29a ns 
Magnesium (Mg) 47.97±17.62a 44.23±10.9b 55.30±13.3 a 70.59±28.04a *** 
Lead (Pb) 0.04±0.06a 0.07±0.08a 0.05±0.07 a 0.05±0.02a ns 
Copper (Cu) 0.26±0.08a 0.16±0.05a 0.24±0.07 a 0.3±0.17a ns 
Aluminium (Al) 0.24±0.1b 0.57±0.90b 0.60±1.14 b 0.65±1.25a ** 
Iron (Fe) 4.09±1.84a 2.82±0.87a 3.12±0.95 a 5.19±2.78a ns 
Manganese (Mn) 0.17±0.21a 0.02±0.01b 0.04±0.04 b 0.15±0.09a *** 
Calcium (Ca) 36.44±7.53a 33.63±5.21a 39.85±5.12 a 35.94±6.04a ns 
Sodium (Na) 80.21±27.78b 79.68±22.32b 71.13±37.51 b 95.30±15.32a ** 
Potassium (K) 245.97±86.72a 215.50±131.29a 157.54±11.540b 324.68±39.9a ** 
Phosphorous (P) 576.69±2.30a 525.49±3.51a 555.95±2.82a 547.43±1.70a ns 
Cadmium (Cd) 0.00 0.04±0.07 0.08±0.06 0.00 ns 
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Table 3. Amino acid composition of mackerel flesh (g/100 g 
of protein) 

 
Amino acids Scomber scombrus 
Aspartic acid 10.48±0.7 
Glutamic acid 12.06±0.9 
Lysine   6.019±1 
Histidine 4.76±0.67 
Arginine 6.58±0.24 
Threonine   4.96±0.36 
serine 5.32±0.24 
Proline 6.32±0.59 
Glycine 5.4±0.04 
Alanine 7.13±0.95 
Cystine   1.02±0.01 
Valine    4.39±0.50 
Methionine  2.32±0.08 
Isoleucine    3.97±0.39 
Leucine    5.89±0.48 
Tyrosine  4.98±0.78 
Pheylalanine   4.64±0.11 
Total amino acids (TAA) 96.23 
Total essential amino acids (TEAA) 33.79 
Total Non essential amino acids (TNEAA) 58.05 
(TEAA)/(TNEAA) 0.58 
 

Values are the mean ± standard deviation 

 
 

Table 4. Essential Amino Acids (g/100g protein) 
 

Essential Amino acids Scomber scombrus 
Lysine   6.01±1 
Threonine  4.96±0.36 
Cystine   1.02±0.01 
Valine   4.39±0.50 
Methionine  2.32±0.08 
Isoleucine   3.97±0.39 
Leucine   5.89±0.48 
Tyrosine   4.98±0.78 
Pheylalanine   4.64±0.11 
Tryptophan nd 
Total essential amino acids (TEAA) 33.79 

 

    Values are the mean ± standard deviation 
 
 
 
in very small quantities. Fe was the most abundant than Zn 
and Cu, highest values were obtained in summer (5.19; 
1.65; 0.3) mg/100g and seasonal variation was insignificant 
(p>0.05). (Mn) value reached in autumn (0.17 mg/100 g) 
and differences with seasons was highly significant 
(p<0.05). 

 Cadmium (Cd) and Lead (Pb) are classified among the 
non-essential and toxic metals group which function in 
biochemical process is undefined, but they are 
characterized by a high potential for bioconcentration and 
accumulated in multiple organs of fish species. The highest 
concentration of these metals was obtained in spring (0.08 
mg/100 g), and in winter (0.07 mg/100 g) respectively. 
Their seasonal variation was not significant (p>0.05). 
Aluminum (Al)    is    also    considered  harmful  for   human 

 
 
 
 
health; recognized by its neurotoxic effects; it increases in 
summer to (0.65 mg/100 g) varying significantly (p<0.05) 
according to the seasons.   
 
Amino acids analysis 
 
Table 3 shows amino acids profile of Atlantic mackerel 
flesh. Highest concentrations are those of acidic amino 
acids: glutamic and aspartic acids.  As illustrated in Table 4 
the most abundant essential amino acids (EAA) with the 
highest concentration are those of Lysine, Leucine, and 
Tyrosine, followed by those of Treonine, Phenylalanine, and 
Valine. EAA concentration values ranged from 6.01 g/100 g 
protein to 1.02 g/100 g protein, which is the lowest 
concentration corresponding to that of Cystine. Total EAA 
in mackerel mussels are about 33.79 g/100 g protein. The 
other amino acids are non essentials, their concentration 
vary from 12.06 g/100 g protein to 5.32 g/100 g protein. 
 
 
DISCUSSION 
 
Proximate composition 
 
Flesh chemical composition (moisture, lipid, protein and 
ash) of Scomber scombrus was analyzed monthly. Results of 
total lipids content vary significantly according to the 
season; this finding is similar to other fish species such 
Sardina pilchardus, and Horse mackerel as reported by 
Caponio et al., (2004) and Orban et al., (2011). It is known 
that lipid content vary according to the season with values 
ranging from 5% in May to 30% in December and this is 
due to the variation in food availability, water temperature, 
reproduction activity increasing in winter (Tortonese, 
1970). Concerning protein content, it remained constant 
with a high level during the study period as reported on 
other fish species (Bouriga et al., 2010; Rebah et al., 2009; 
Njinkoue et al., 2002; Tzikas et al., 2007). Moisture seasonal 
variation was significantly and inversely proportional with 
lipid content as reported by Garcia-Arias et al., (1994); and 
Rebeh et al., (2014). Ash content level was comparable to 
that found in other fish species as reported by Caponio et 
al., (2004) and Bouriga et al., (2010) but in our analysis its 
seasonal variation was highly significant; that may be 
related to the fish size during the sampling period.  
 
Mineral contents   
 
P, Ca, K, Na and Mg were the most abundant minerals 
content in Scomber scombrus mussels in comparison with 
the other determined elements. In fact according to 
(Wagner et al., 2003) the most important elements are 
essential to cellular metabolism and commonly found at 
high concentrations in biological tissues. The other mineral 
elements are present in very small quantities as Zn and Fe 
well known by their essential role in enzyme activity 
(Rebah et al., 2014). Phosphorus is an important 
component of   ATP,  it  allows  the  reservation  and  release  



 
 
 
 
energy and plays a structural role in bones and teeth, 
working synergistically with Calcium and helps to maintain 
acid-base balance in the body.  

Na, K and Ca are especially important for metabolism 
(Özparlak et al., 2012); however the first one participates in 
acid-base balance and isotonicity and plays an important 
role in Metabolic and neuromuscular system. The second is 
involved in protein and carbohydrates synthesis, and in the 
regulation of blood pressure, it also contributes to the 
maintenance of the intracellular osmotic pressure. The last 
one is involved in enzymatic reactions, and is essential for 
bones and teeth growth, it regulates heart rate and 
contributes in nervous system functioning. Mg function as a 
cofactor of many enzymes involved in energy metabolism, 
(proteins, RNA and DNA) synthesis, and maintenance of the 
electrical potential of nervous tissues and cell membranes 
(FAO/WHO, 1998).  

In sea food organisms, minerals concentration is due to 
food availability in their environment (Johnson et al., 1994; 
Lal, 1995); however the ingested minerals are stored in 
their organs and tissues. According to Yildiz, (2008) and 
Noël et al., (2011) minerals concentration in fish tissue is 
affected by several factors as: size, age, sex, sexual maturity, 
area of catch, food availability, environmental parameters 
and contaminants presence. 

In comparison with some freshwater fish species (Perca 
fluviatilis, Sander lucioperca, Salmo trutta, Silurus glanis, 
Cyprinus carpio, Tinca tinca, Anguilla anguilla and Esox 
lucius) according to Scherz et al., (1994) study on the cited 
species and as reported by Steffens, (2006), our finding is 
much higher concerning phosphorus, magnesium and 
sodium concentration. Potassium values of the six first cited 
fishes (330, 377, 413, 421, 387, and 369 mg/100 g) were 
higher than those found in mackerel mussels (324.68 
mg/100 g).  

Regarding calcium concentration in Tinca tinca, Cyprinus 
carpio and Sander lucioperca (58, 63, and 49 mg/100 g, 
were higher than those of the present data (39.85 mg/100 
g). 

Otherwise (Rebeh et al., 2014) in his study on marine fish 
species Liza aurata from the Gulf of Gabes (Tunisia), 
showed that highest values of (Ca) were those of males and 
about (28.02 mg/100 g) in summer; for Na maximal values 
were those of males and about 10.94 mg/100 g in winter, 
whereas Mg and K concentration were reaching in spring 
for males and about 5.24 and 36.25 mg/100 g. These 
finding were much lower than those of Atlantic mackerel 
mussels (Ca: 39.85 mg/100 g; Na: 95.30 mg /100 g; Mg: 
70.59 mg/100 g; K: 324.68 mg/100 g). 

Study on Mullus Barbatus, Mullus surmuletus, 
Lithognathus mormyrus and pagellus centrodontus from 
Gulf of Gabes (Tunisa) of  Koubaa et al., (2010) showed that 
Ca concentration of M Barbatus was about (64.34 mg/100 
g) in spring and was higher than those of our finding (39.85 
mg/100 g). Moreover Na concentration in the cited fishes 
were much higher than those of our finding; minimal Na 
level was obtained in  spring for P. centrodontus  as 105.154  
mg/100 g; whereas the  highest  value  for  M. Barbatus was 
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obtained in summer as 179.788 mg/100 g. 

 Mg concentration in M. surmuletus reached to 80.324 
mg/100 g in summer which was higher than that found in 
mackerel fillets as 70.59 mg/100 g, but M. Barbatus and Mg 
values of L. mormyrus were close to our finding which were 
about 68.06 and 65.36 mg/100 g, respectively.  

Zn and Cu are the essential trace elements for both 
animals and humans and they are essential components of 
many enzymes. Zinc participates to the synthesis and 
degradation of carbohydrates, lipids, proteins, and nucleic 
acids and has an effect in the metabolism of other 
micronutrients (FAO/WHO, 1998); and plays a protective 
effect against Cd and Pb toxicity. However, Cu is necessary 
for hemoglobin synthesis, which high intake is harmful for 
human health (Malik et al., 2010). Mn functions as co-factor 
for the activation of numerous enzymes (Wagner et al., 
2003). Fe is an important mineral in human body; it serves 
as a carrier of oxygen to the tissues and as an integrated 
part of enzyme systems (FAO/WHO, 1998).  

In comparison with other marine fish species as reported 
by Koubaa et al., (2010) in his study on M. Barbatus, M. 
surmuletus, L. mormyrus and P. centrodontus, iron (Fe) 
content ranged from 16.12 mg/100 g to 22.62 mg/100 g 
which was much higher than Atlantic mackerel value (5.19 
mg/100 g).  Zn concentration in S. scombrus mussels varied 
from 1.23 mg/100 g to 1.65 mg/100g. This value was 
higher than that found in (M. Barbatus, M.  surmuletus and 
P. centrodontus which were about 0.4; 0.6; and 0.8 mg/100 
g, but our result was close to that found for (Cu) in L. 
mormyrus (1.62 mg/100 g) in M. Barbatus, M. surmuletus 
and P. centrodontus 0.25, 0.3, 0.35 mg/100 g were close to 
those of Scomber scombus which values range from 0.16 
mg/100 g to 0.3 mg /100 g; whereas concentration in L. 
mormyrus (0.64 mg/100 g) was higher than our finding.  
 
Amino acids 
 
Amino acids are important for human health; they are 
necessary in healing processes and their composition in fish 
and in human is similar, however according to Osibona et 
al., (2009) the essential and non-essential amino acids 
contents are required from fish consumption. It was known 
that essential amino acids which are phenylalanine, valine, 
threonine, tryptophan, isoleucine, methionine, leucine and 
lysine (Young, 1994), cannot be synthesized in human 
body; however balanced diet and food components are the 
principal source of these elements. In addition cysteine, 
tyrosine, histidine and arginine are necessary for children 
growing (Imura et al., 1998). All of the cited essential amino 
acids were found at important quantities in Atlantic 
mackerel mussels. Moreover, amino acids type and amount 
in fish mussels are related to catching period, location 
(Wesselinova, 2000), feeding and spawning season (Kaya et 
al., 2014). According to Green et al., (2002) essential and 
non essential amino acids ratio in dietary protein has an 
important effect on protein utilization by fish. 

Results obtained of TAA (96.23 g/100 g protein) and EAA 
(33.79 g/100 g protein) in  Atlantic Mackerel  mussels were  
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close to those found by Oluwaniyi et al., (2010) which 
values were about 94.73 g/100 g and 44.04 g/100 g 
respectively. In comparison with other fish species in his 
investigation on Clupea harengus, Trachurus trachurus, 
Urophycis tenuis, TAA levels were about 91.51, 88.81 and 
91.78 g/100 g protein, leading to deduce that S. scombrus 
recorded the higher TAA values. Regarding TEAA these 
three species values were about 40.73, 40.94, and 41.86 
g/100 g protein, which are higher than our finding 33.79 
g/100 g protein.  

The established EAA/ NEAA ratio in mackerel mussels is 
about 0.58 this value was lower than other fish species as 
cultured and wild brown trout, Scomber japonicus, Sardina 
melonosticta, and Mugil cephalus which values were about  
0.9, 0.96, 0.77, 0.69, 0.71 as reported by Kaya et al., (2014) ; 
Iwasaki et al., (1985). 
 
 
Conclusion 
 
In this study, we confirm that S. scombrus is a good source 
of amino acids and mineral contents mainly Phosphorus; 
however seasonal variation, fish physiological state and 
environmental parameters have an impact on its flesh 
composition leading to some fluctuation during the study 
period. Heavy metals contents found in mackerel mussels 
are the result of entropic activity in the sampling area.       
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