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Abstract

The effects of seasonal and regional variation on the proximate and fatty acid compositions of
sardine (Sardina pilchardus) were determined. The levels of lipid displayed pronounced seasonal
than regional fluctuations with the highest values in summer and the lowest values in winter for
both areas (Kélibia and Téboulba, Tunisia). Negative correlations between fat and water contents
were observed. The higher water contents were recorded during winter for sardine of Kélibia and
Téboulba (78.5 + 0.86% and 77 + 0.5%, respectively). For both areas, the samples were not
influenced by seasonality in terms of their total fatty acid (p>0.05). The main fatty acids of the
total lipid were C16: 0, C14: 0, C18: 0, C18: 1, DHA C22: 6n3, EPA C20: 5n3 and DPA C22:
5n3. Sardina pilchard us muscle contained appreciable levels of omega-3 polyunsaturated fatty
acids suggesting the use of this fish as a source of healthy diet for humans.

Keywords: Sardina pilchard us, Season, Region, Variation, Biochemical composition, Fatty acid
composition.

Introduction

Marine food especially fish are an important part of the human diet across the world and
particularly of the Mediterranean diet (GMA, 2004). Seafood lipids are the best natural source of
highly unsaturated fatty acid and are the major contributor of omega-3-PUFA, particularly
eicosapentaenoic acid (EPA, C20: 5n-3) and docosahexaenoic acid (DHA, C22: 6n-3) (Nisa et
Asadullah, 2011). They are of particular interest because of their role in improving health and
reducing the risk of chronic afflictions like cardiac diseases, autoimmune disorders, diabetes,
even cancer (Simopoulos, 1991). Therefore, the fatty acid composition should be considered.
Throughout the year, the composition of several fish species varies from season to season due to
its natural cycle, maturity stage, geographic location, etc (Bandarra, Batista, Nunes & Empis,
2001 ; Aro, Tahvonen, Mattila, Nurmi, Sivonen & Kallio, 2000). The spawning cycle and food
supply are the main factors responsible for this variation (Love, 1980).

Sardine (Sardina pilchardus) is one of the most important commercial fish species in the
Mediterranean sea and, in particular, in the Tunisian sea, as it is very abundant and for its low
cost. Knowledge of biochemical composition of muscles of Sardina pilchardus, is of great help
in evaluating not only its nutritive value but also helps in quality assessment and optimum
utilization of this natural resource. Formulation, processing and preservation of fishery products
needs correct information of the biochemical composition. This in turn can help technologist to
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identify the best possible processing, storage conditions and prevent wastage or loss of
constituents such as free amino acids, proteins and fats (Jan, Mustafa, Tahila & Showkat, 2012).
The purpose of this study was to clarify the regional and seasonal variation of the biochemical
and fatty acid compositions in the Tunisian sardine (Sardina pilchardus) in the sea areas of
Teboulba and Kélibia.

Materials and methods

Study area

In the present study two stations, the Sahel area particularly the port of Téboulba and Hammamet
gulf area particularly the port of Kélibia, were selected (figure 1) (Ben Abdallah et Gaamour,
2004) according to the higher sardine abundances wich are mostly located in these two areas.

Sample collection and preparation

This study was carried out during one year period, except the months of February and March
because of poor weather conditions. For the biochemical composition, fish samples were
obtained monthly, and for the fatty acid composition, samples were obtained quarterly (Automn,
winter, spring and summer) from Téboulba and Kélibia ports, Tunisia.

Fishes were rapidly transported in ice boxes to the laboratory for preparation to chemical
analyses. The average length (13-15 cm) of fish was measured in order to select homogenous
samples. Boneless fish fillets were used for the analysis.

92
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I

Figure 1. Map of the study area indicates the sampling locations

Proximate analysis

In proximate analysis four major constituents of edible portion of the fish; water, protein, fat and
ash were analyzed. Determination of moisture content was conducted by AOAC method (2000).
The protein quantity was carried out with the Kjeldhal method (NF V04-407, 2002) by
determining the total organic nitrogen amount. The estimation of fat content was accomplished
by Folch, Lees & Sloane method (1975). The ash content was determined according to the
AOAC method (1995). Measurments were carried out three times.
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Fatty acids analysis

The separation and quantification of the fatty acids were achieved throught gas chromatography
(GC) after converting fats into fatty acid methyl esters (FAME) using BF3/methanol (Ackman,
1998).

1 ul of the sample was injected into a gas phase chromatograph with a FID detector (Périchrom
2000, France) fitted with a capillary column (25 m x 0.25 mm). The temperatures of the injector
and the detector were set at 260°C. The oven temperature was 70°C, held for 2 min, raised to
180°C to remain at that temperature for 8 min and increased again to 220°C at a rate of 3°C/min.
The vector gas used was helium with high purity (99.99%).

Peaks corresponding to FAME were identified by comparing the retention times of fatty acid
methyl esters (FAME) with standard mixtures (Sigma Chemical Company).

Content of each fatty acid was expressed as percentage weight of total fatty acids (% wt).
Triplicate GC analyses were carried out and the results were expressed in GC area % as the mean
value + standard deviation (SD)

Statistical analysis

Statistical analysis were carried out with SPSS software® version 17.0 (SPSS, Inc, Chicago, IL).
Values are expressed as mean + standard deviation. A one-way ANOVA and a Duncan’s
multiple range tests were used to compare means at 0.05 probability level.

Results and discussion

Lipid variation

The present study indicated that there is substantial variation in lipid content of S. pilchardus
collected from the Kélibia and Téboulba coasts (p < 0.05) and there were significant differences
(p < 0.05) observed over the year (2013 — 2014). It was found that the lipid content varied
between a maximum of 7.82 + 0.18% and 7.14 + 0.2% in the end of spring-summer, and a
minimum of 1.67 + 0.15% and 1.53 + 0.06% in the winter in sardine of Kélibia and Téboulba,
respectively (table 1).

Seasonal data showed that even though fat content is somewhat low in the present study but the
variation trend was to some extent in agreement with the values of Zlatanos and Laskaridis
(2007) for S. pilchardus who reported that Mediterranean sardine from northern Greece had a
minimum lipid of 3.88% in February and a maximum of 11.86% in April. Shirai et al. (2002)
also found a minimum lipid of 1.8% in February and a maximum of 7.2% in August in sardines
(Sardinops melanostictus).

Low levels of lipid were observed in the reproductive season of the species. Thus it was found
that fat content of muscle is less in the month of January for sardine of Kélibia (1.67 = 0.15%)
and Téboulba (1.53 £+ 0.06%) during their spawning season.

Sexual maturation has been found to reduce lipid body stores in salmon because this species
stops feeding during maturation and lipid stores are directed to gonad lipids or used for energy
(Bell et al., 1998). Other studies have also shown that, although sea bream does not stop feeding,
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reduced feeding level and sexual maturation contribute to reduced lipid levels during winter
(Grikorakis et al., 2002).

Table 1. Monthly and regional variation of the proximate composition (%) of sardine (Sardina
pilchardus)

Proximate composition (%)

M i . '
onth Region Water Lipid content Protein Ash content
content content
77.06 + 15.45 +
Januar Kélibia 0,29° 1.67 £0.158  0.422 2.76 + 0.00?
y 7576  + 14.93 +
Téboulba  0.36 1.53+0.062 0.232 2.71+0.01°
69.21 + 17.76 +
) Kélibia 0,24° 6.97 +0.08¢  0.17¢ 2.75 +0.012
April 68.73  +
Téboulba  0.63¢ 6.36 £0.199 17.66+0.2¢ 2.68+0.01°
68.36 +
Ma Kélibia 0,64° 7.24+0.12¢ 19.2+0.78% 2.75+0.08?
y 66.39  + 18.24 +
Téboulba 0.37° 6.96 + 0.14%F 0.13° 2.64 + 0.06°
Kélibia 68.4+055* 7.82+0.18" 19.39+0.3¢ 2.46+0.12
June 67.66 +
Téboulba 0.372 7.14+0.21F 18.94+0.1F 2.34+0.272
18.63 +
ul Kélibia 68.46 +0,4> 7.09+0.13¢ 0.27¢ 2.50 + 0.23?
y 67.84  + 18.55 +
Téboulba  0.58° 6.61 +0.16%¢ 0.06° 2.51 +0.12P
71.43 + 17.26 +
Kélibia 0,71¢ 6.82 +0.08¢  0.32b¢ 2.67 +0.12
August 71.12 +
Téboulba 0.144 6.45+0.099 17.7+0.16% 2.62 +0.09°
74.79 + 17.15 +
September Kélibia 0,38¢ 6.03+0.12¢ 0.27°¢ 2.7 +0.062
P 7406  + 17.18 +
Téboulba 0.41° 581 +0.13¢ 0.14¢ 2.66 + 0.04°
76.67 + 16.66 +
October Kélibia 0,58° 5.61+0.34° 0.21° 2.69 +0.25?
73.67 + 16.29 +
Téboulba  0.58° 5.67 +0.58° 0.13° 2.7 +0.04°
77.33 +
November . 4ipia 00,76¢ 234+019° 165+0.28" 2.64+0.18
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76.33 + 16.24 +

Téboulba  0.29"9 2.98+058> 0.13° 2.67 £0.12°
15.66 +

Décernber Kélibia 78.5+0,86" 2.08+0.3" 0.26? 2.78 £ 0.012
15.44 +

Téboulba 77 +0.59 1.81+0.07*  0.472 2.74 +£0.01°

* Values are means of triplicate determinations + SD. Different letters in the same column
indicate significant differences (p < 0.05).

Protein variation

The sardine of Kélibia and Téboulba contain on average 17.36% and 17.14% of proteins,
respectively (figure 2). These figures thus enable sardine flesh to be rated among good
nutritional quality food. Pelagic fish have a protein content varying from 15 to 20% (Hannachi et
al., 2011). Protein fraction varies very little in relation to season (p < 0.05) and region (p < 0.05)
and the variation trend is similar to that of lipid content. We recorded a variation from 15.45 +
0.42 to 19.39 % 0.3% for Kélibia’s sardine and from 14.93 + 0.23 to 18.94 + 0.13% for
Téboulba’s sardine with a minimu noticed in winter and a maximum in summer (table 1) which
is in good agreement with previously reported results by Jan et al. (2012) and Ahmed, Mustafa,
Alam, Rubbi & Moslemuddin (1984).

The variation of the protein fraction may be due to the planktonic feed and to climatic changes in
the year which influence the general biochmical composition of fish (Hannachi et al., 2011). In
winter, food availability is less which resulted in poor growth as indicated in January. During
spring and summer seasons, protein content raised as temperature and food availability changes.
Intense feeding shown by the fish is because during spawning, fish had lost gonadal elements
and recoups to compensate the expenditure through vigorous feeding activity (Jan et al., 2012).
According to Islam ET Joadder (2005), at the mature stage, muscle protein started declining
gradually because most of the proteins might have been accumulated in the gonads at the time of
spawning. The gonadal elements get released either as eggs or sperm carriyng the protein along
with them. But immediately after spawning, as the gonad is in recovery stage and without any
gonadal elements, the food that is consumed by the fish might have been used in the building up
of the muscle. So, the protein cycle appears to be having a strong correlation with spawning.
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Figure 2. Average proximate composition (%) of sardine (Sardina pilchardus)
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Water variation

Figure 2 shows that the average water content is 72.33% and 71.33% for sardine from Kélibia
and Teboulba, respectively. From this result we can cofirm that the major component of fish
fillet is water. 1t was found that the water content in different months varied from 78.5 = 0.86%
to 68.36 = 0.64% in Kélibia’s sardine (p < 0.05) and from 77 + 0.5% to 66.39 = 0.37% in
Téboulba’s sardine (p < 0.05).

Water content of the sardine fillet, for both areas, was maximum in winter (December) and
minimum in the end of spring-summer (May) (table 1) and showing an inverse relationship with
fat content (figure 3). The results of fitting a linear model to describe the relationship between
lipid and water contents for one year of analysis are shown in figure 4. Given the relationship
between the two contents in question, a simple regression equation was developed based on the
trend line in figure 4 would allow the fat content to be estimated based on the water content. A
very strong correlation between fat and water contents was observed. The coefficient of
determination R? indicates, statistically, that the models as fitted explain 77% and 75% of the
variability in fat content for samples of Kélibia and Téboulba, respectively. Pearson correlation
coefficient reveled a negative correlation between the two fractions (r = -0,87 et -0,86 for
samples of Kélibia and Téboulba, respectively). In fact, according to the regression line, it is
observed that a decrease in fat content correspond to an increase in water content and conversely.
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Figure 3. Functional relationship between lipid and water contents of sardine (Sardina

pilchardus)

These results are in accordance with Hannachi et al. (2011) who found that water content of the
Moroccan Mediterranean cost anchovy (Engraulis encrasicolus) varies according to the fatness
of the fish. Huss (1995) has also noted that variations in percentage of fat should be reflected in
the percentage of water, and the two normally constitute around 80% of the fillet.

Other studies have also shown inverse proportionality between fat and water contents in some
medium-fatty and fatty fish species muscle (Love, 1997; Simat and Bogdanovi¢, 2012).

These variations may be attributed to the biologycal cycle of sardine and the environmental
factors such as sainity. In facts, the minimal values of water contents, for both areas, were
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registred in summer and the maximal ones were found in winter, a period characterised with high
pluviometry which decrease water salinity and thus enhace muscle hydratation.

In this context, Pérez-Velazquez et al. (2014) reported a significant inverse relation between
salinity and water content of fish. Liang et al. (2008) and Pérez-Velazquez et al. (2007) reported
an increase in water content of juvenile shrimp L. vannamei when salinity decrease.

Lipid content (%)

64 66 68 70 72 74 76 78 20
Water content (%)

@ Kélibia B Téboulba

Figure 4. Seasonal changes of lipid content in fonction of water conetnt of sardine (Sardina
pilchardus)

Ash variation

For the ash content, Sardina pilchardus muscle showed a non significant fluctuation according to
season and region (p > 0.05) especially in December (2.78% and 2.74% for Kélibia and
Téboulba, respectively) and Juin (2.46% and 2.34% for Kélibia and Téboulba, respectively)
during the study period (table 1). The average annual ash content of the sardine muscle is about
2.76% for sardine of Kélibia and 2.62% for sardine of Téboulba (figure 2). Similar results were
reported by Islam et Joadder (2005) indicating that there was no seasonal variation observed in
the body muscle of freshwater Gobie (Glossogobius giuris).

Generally, the concentration of minerals in fish is influenced by a number of factors such as
species, size, dark/white muscle, age, sex, sexual maturity, area of catch, food source, water
chemistry, salinity, temperature and contaminants, etc. (Khitouni et al., 2011; Noél et al., 2011;
Yildiz, 2008).

Fatty acids variation

For many vyears, seafood such as fish, mollusks and crustaceans has often been the focus of
attention in nutritional studies. Nutritionists (Médale et al., 2003) consider these products to be
an important source of high-quality proteins, minerals, vitamin D and essential fatty acids (FAS)
such as omega 3. Muscle is the main part of fish used for human consumption and when fish is
suggested as means for improving health, fatty acids composition should be considered.

Analysis of fatty acids composition of samples in function of season and region showed a little
variation in total fatty acids for both areas (table 2).
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Table 2. Seasonal variation in the fatty acid composition (%) of total lipids from sardine
(Sardina pilchardus)

Season
Fatty acids Winter Spring Summer Automn

Kélibia Téboulba Kélibia Téboulba Kélibia Téboulba Kélibia Téboulba
C12:0 0.57£0.022>  0.51 +0.08? 0.22+0.03*8 0.26+0.02*¢ 0.38+0.18%> 0.4 +£0.242 0.69 £0.30°  0.65+0.29%
C13:0 0.8 +0.072 0.93 +0.09° 0.75 £ 0.052 0.51+0.0820 0.74+0.060 0.63 +0.2220 0.75+0.112  0.71 £0.072b
C14:0 3.64 £0.792 425+1.8° 7.78£0.15°  7.38+0.28° 7.75+0.16° 7.25+0.35° 4.89+0.62> 5.28+0.46%0
Cl4:1 0.16 £0.022 0.19 £0.1° 0.15£0.012 0.17£0.01* 0.17£0.032 0.18 £0.022 0.29 £ 0.01? 0.22 £ 0.02?
C15:0 1.47+0.11°  1.43+0.352 0.8 £0.022 1.22+0.068 0.83+0.062 1.25+0.072 1.28+0.34° 1.25+0.122
C16:0 23.1+0.26% 22.39+0.08°¢ 22.39+0.04* 19.96+0.378 23.15+0.428 22.97 +0.62° 2213 +1.45% 21.8+0.24°
Cil6:1 547+0.18  5.28+0.26° 6.07 £0.7¢ 58+0.682  6.05+0.7 5.72 £0.69? 5.55 +0.842 5.3 +0.35%
C16:2n4 0.89 £0.132 112 +0.29? 0.9 £0.022 1.01+0.088 0.87 £0.06% 0.98 £0.122 1.36 £0.19° 1.24 +0.052
C16:3n6 1.04+0.01*®>  0.99 +0.01? 0.88+0.04® 0.91+0.03* 0.89+0.04% 0.91+0.032 1.1+0.14° 1.12 £0.222
C17:0 0.34+0.03*  0.37+0.022 0.57+0.06® 0.52+0.08% 0.58+0.06° 0.55+0.09 0.4 £0.012 0.39 £0.052
C18:0 3.64+£0.092 3.42+0.19% 402+061* 3.87+041* 4.35+0.32% 4.25+0.232 5.35+0.34°  4.09 +0.432
C18:1 6.28 £ 0.122 5.75 £ 0.242 6.72 £ 0.51° 6.64 +0.39" 8.15+0.13° 8.09 £ 0.14° 8.29 + 0.09b 7.65 +0.06°
C18:2n6 1.37 £0.02°¢  0.96 + 0.022° 1.1+0.072®  0.67+0.03* 093+0.32% 0.62+0.082 1.6 £0.03° 1.33 £0.43°
C18:3 0.86 + 0.042 0.79+0.3? 3.06+0.04> 311+0.05> 3.02+0.08 3.05+0.11° 0.76 £0.05*  0.75+0.21?
C18:4 1.12+0.2° 1.05+0.632 0.88 £ 0.03? 0.7+0.08 0.84+0.08  0.65+0.11° 1.48£0.05¢ 1.37+£0.05°
C19:0 0.47 £ 0.08° 0.44 £0.212 0.48 £ 0.07° 0.54 +£0.20° 0.47 +0.08° 0.53+£0.182 0.24 £ 0.022 0.34 £0.03?
C20:0 0.25 £ 0.042 0.29 £ 0.082 0.36 £0.012 0.32+0.03%2 0.53+0.292 0.46 + 0.242 0.41 +0.092 04+0.12
C20:1 0.61 +0.06° 0.45 £ 0.142 0.98 £ 0.04¢ 1.05+0.12¢ 1.02+0.07¢ 1.1+0.15¢ 0.14 £ 0.012 0.71+0.07°
C20:5n3 EPA 5.61 +0.142 5.54 £ 0.072 5.28 +0.022 456+0.39% 5.19+0.162 494 +0.762 7.29+0.3° 7.14 +0.13b
C22:0 2.81 +0.68? 2.87 £0.272 2.61 £0.032 2.79£0.08* 2.64 +0.06? 2.83+£0.1? 2.34 £0.18 2.38 £0.412
c22:1 0.6 +0.372 0.76 £ 0.15° 0.61 £ 0.042 0.71+0.03> 0.6 +0.042 0.7 +£0.04° 0.29 £ 0.232 0.22 +0.112
C22:5n3 DPA 6.17 + 0.02¢ 4.31+£0.16° 5.11 +0.18°¢ 3.8+£0.16° 1.14+0.142 1.2+0.352 2.11+£0.84b 1.96 +0.992
C22:6n3 DHA 2456 +0.68° 24.37 +0.37° 2352+020° 23.4+0.03°¢ 21.23+054% 2093+0472 2329+0.75° 2258+1.11°
X SFA 37.1+£0.92% 36.91+1.52° 40 +0.81b¢ 3741+153* 41.44+071° 41.1+0.56° 38.52+1.76% 37.31+0.75°
X MUFA 13.14 £ 059 1243+0.41* 1454+121%% 1438+1.15° 1598 +0.72° 15.94+0.66° 14.47+0.64%° 14.31+0.34°
X PUFA 41.63+£0.86° 39.14 +1.35° 40.74 £0.05° 38.17+0.43" 34.09+1.22 3328+0.74% 39.01+0.81° 3751+154°
EPA + DHA 30.17£0.59° 29.91 +£0.42° 28.8+0.22° 27.96+0.42° 26.41+0.692 25.87+0.722 30.58+0.44° 29.72+0.98¢
Total 91.80 £0.64* 88.5+3.10% 09528 +1.96* 89.96+3.128 91.51+2.18° 90.33+1.62% 92.09+0.68° 89.13+1.53%

summer than in winter (p <0.05). Thus, there was a variation from 13.14% to 15.98% and 12.43
to 15.94% in the sardines of Kélibia and Téboulba, respectively. The major fatty acid of this
fraction is oleic acid (C18: 1), which plays a role in energy metabolism for fish spawning during
gonad development (Huynh et al., 2004), which agrees with previous findings that the major
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MUFA detected in marine lipids usually contains 18 carbon atoms (Zlatanos and Laskaridis,
2007).

Moreover, we found that polyunsaturated fatty acids (PUFA) represent the most important
fraction of all the fatty acids of the sardine studied. Statistical analysis of the PUFA content
showed that the season had a significant effect (p <0.05) on the variation of this fraction. Thus, in
Kélibia’s sardine, the PUFA concentration varied from 34.09 to 41.63%, whereas in Teboulba’s
sardine, PUFA varied from 33.28 to 39.14%. The minimum value was recorded in summer,
while the maximum value was reached in winter. Similar results were found by Som and
Radhakrishnan (2013) in two species of sardine (S. longiceps) and (Sardinella fimbriata).
Docosahexaenoic acid (C22: 6n3 DHA), eicosapentaenoic acid (C20: 5n3 EPA), and
docosapentaenoic acid (C22: 5n3 DPA) are the major fatty acids of PUFA.

Comparison of the seasonal variation between lipid and fatty acid content shows a negative
correlation between the lipid fraction and the n-3 fatty acid content, which means that the
percentages of the n-3 fatty acid have been low during the months of high fat content.
The negative correlation of the fat content with the percentages of n-3 fatty acids is probably a
characteristic of the order Clupeiformes, to which sardine belongs, since Shirai et al. (2002)
reported a similar correlation in sardine (S. melanostictus) and Zlatanos and Laskaridis (2007)
also found the same correlation in sardine (S. pilchardus) and anchovy (Engraulis
encrasicholus).

An inverse relationship was found for saturated fatty acids, which increased during the high-fat
months. This observation suggests that the fatty acids in fish have different biological functions.
SFA are probably used for energy storage. Consequently, their concentration increases during
periods when feeding activity has been improved (Gokge et al., 2002).

Conclusion

From this study, dedicated to specimens of Sardina pilchardus, caught from Kélibia and
Téboulba areas (Tunisia), it can be concluded that the proximate and fatty acid compositions
present seasonal and regional variations. Commonly, the chemical composition variations have
been described and reported to be related to many factors (season, temperature, location,
breeding cycle, diet, age, size, sex, etc.)

The lipid content is the most influenced by the seasonal effect than by zone, followed by the
water content, fatty acid composition and protein content. Although differences in biochemical
composition and fatty acids have been observed over a one-year cycle, this species is an
excellent source of protein and is rich in unsaturated fatty acids, which represent 54.48 to
59.66% of total fatty acids.
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