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Abstract The present study investigated the seasonal variation of the chemical composition and fatty acid profiles
of Annular sea bream Diplodus annularis from the Gulf of Gabes (Tunisia). Moisture, protein, fat and ash contents
of the fish muscle were examined as a function of season and sex. Protein, fat and ash average contents were 18.65,
6.47 and 2.20 g/100 g, respectively. The major fatty acids in D. annularis lipids were palmitic acid, oleic acid,
eicosapentaenoic acid, docosahexaenoic acid and myristic acid. Palmitic acid was the most abundant saturated fatty
acid ranging from 26.38 to 32.79 % of the total fatty acids. Oleic acid was the main monounsaturated fatty acid
ranging from 26.28 to 35.76 %. The high amounts of saturated and monounsaturated fatty acids in the investigated
species are almost in agreement with other studies. Interestingly, omega-3 fatty acids were present at high level in
spring (18.04 %). Moreover, the fish muscle contained appreciable concentrations of essential elements (Ca, K, Na
and Mg). The present work suggests that this fish could be used as a source of healthy diet for humans.
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1. Introduction
Seafood products are known to provide significant
amounts of different beneficial nutrients such as
nutritional and digestible proteins, lipid, essential minerals
and highly unsaturated fatty acids [1,2]. Most of these
constituents are economically important for human
nutrition because of their high nutritional quality. Fish is a
major source of protein and it also contains nutritionally
valuable lipids. The lipid fraction is now the subject of a
great deal of attention due to its high content of ω-3
polyunsaturated fatty acids (ω-3 PUFA), which have
exhibited a positive effect in the prevention of certain
human diseases (hypertension, inflammation, psoriasis,
aggression, depression and cancer) [3,4]. Moreover,
PUFA are essential for normal growth, development, and
reproduction in all vertebrates, including fish and humans
because vertebrates are not able to synthesise ω-3 or ω-6
fatty acids and they must be supplied through diet.
Generally, the fish chemical composition varies not only
between species, but also between individuals depending
on sexual cycle, age, feed, stage of maturity, environment,

season, organs and also muscle location [5,6]. For
example, great variations in fatty acid composition of fish
lipid were reported [7,8]. Also, mineral concentrations of
fish muscle zones may be influenced by different
biological factors [9,10]. Consequently, is very important
to determine the seasonal biochemical composition of fish
in order to ensure the nutritional value as well as eating
quality of fish.
Tunisia is a major producer and exporter of seafood and
the fishing sector is still of great economic, social and
environmental importances. Tunisian seafood products
include: cuttlefish and squid, shellfish and mussels,
octopus, tuna fish, shrimp, sardines, anchovy, sea bass and
annular sea bream, etc. The country’s pelagic sources have
been evaluated around 100,451 tons/year [11]. Among the
pelagic fish, annular sea bream represent the important
proportion and is one of the highly consumed fish species
in Tunisia. According to [12], the reproduction period of
this fish is from February to September and varies with
water temperature. Its first sexual maturity was reached
for 8-10 cm size approximately. It consumes worms,
crustaceans, molluscs, echinoderms, hydrozoans and algae.
Although the Annular sea bream constitute a large portion
of catches in Tunisia, no detailed seasonal chemical
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composition studies of this fish are available. Thus, this
study aimed to determine the seasonal variation of the
chemical composition and fatty acid profiles of Diplodus
annularis caught in Tunisian coastal water.

2. Materials and Methods
Diplodus annularis specie was caught from Gabes gulf
area (Tunisia). Females and males were analyzed
separately because the species shows sexual dimorphism.
Both sexes are well distinguished but there are some cases
of protandric hermaphrodism. However, the sex of the fish
can be determined based on the color and the appearance
of the gonads: yellowish and granular form for females
and white and smooth for males. Samples were obtained
monthly over the year. Fishes were rapidly transported on
ice to the laboratory for preparation to chemical analyses.
The length (16-21 cm) and weight (50-100 g) of the whole
fish were measured in order to select homogenous samples
(superior to sexual maturity size). Only muscle was used
to determine the chemical composition. Ten fish male and
ten fish females were sampled each month. The status of
sexual maturation and reproductive period of fish samples
were determined macroscopically. The gonadosomatic
index GSI was calculated as follows:

Wg
GSI
=
× 100;
Wev
 where Wg : gonad weight; 

.
 Wev : eviscerated fish weight 

(1)

Moisture content was repeated 10 times (for males and
females) after dehydration in an oven at 105°C to a
constant weight (for 48 h). For the next analysis ten dry
samples were crushed by a Moulinex® blender. The fish
dry powder of fish muscles was divided in 3 parts and
used to determine the protein, fat and ash contents. Fat
content was quantified by Soxhlet extraction, proteins by
Kjeldahl procedure, and ash by incineration in a muffle
furnace at 550°C [13]. Analyses were repeated three times
and performed over the year.
Fatty acid composition was determined using Bligh and
Dyer method (1959) [14]. A homogenized fresh sample
(25 g) was extracted using chloroform/methanol/water
mixture (5V/10V/5V). Fat extracts were converted into
fatty acid methyl esters (FAME) by using acetylchloride
and were then analyzed by gas-liquid chromatography
(Perkin-Elmer 8700 chromatograph, Madrid, Spain) [15].
A fused silica capillary column SP-2330 (0.25 mm i.d.×
50 m, Supelco, Inc., Bellefonte, PA, USA) was employed
and the temperature program was as follows: increased
from 145 to 190°C at 1.0°C/min and from 190°C to 210°C
at 5.0°C/min; held for 13.5 min at 210°C. The carrier gas
was nitrogen at 10 psig and detection was performed with
a flame ionization detector at 250°C. A programmed
temperature vaporizer injector was employed in the split
mode (150:1) and was heated from 45 to 275°C at
15°C/min. Peaks corresponding to FAME were identified
by comparing their retention times with those of standard
mixtures (Qualmix Fish, Larodan, Malmo, Sweden;
FAME Mix, Supelco, Inc.). Peak areas were automatically
integrated; 19:0 fatty acid was used as internal standard
for quantitative purposes.

The mineral element contents (Ca, Na, Mg, Fe, Zn and
K) were determined by an inductively coupled plasma
optical emission spectrophotometer (ICP-OES) (Perkin–
Elmer, Model 4300 DV, Norwalk, CT) [13].
The energetic value (calorific value) of fish muscle was
estimated by by multiplying the percentages of protein
(PC) and fat (FC) contents with their respective standard
factors of 4 and 9 kcal/100 g of ﬁsh sample [16] using the
following equation :

Energetic=
value

( 4PC

+ 9FC ) kcal / 100 g weight (2)

Data were subjected to Statistical analysis using SPSS
software® version 11.0 (Statistical Package for Social
Sciences). Values are expressed as mean ± error deviation.
To determine the pertinent factors affecting the chemical
contents, variance analysis was performed for moisture,
protein, fat and ash contents measured in the muscle
according to fish sex and size. Correlation matrixes were
established between the measured variables (moisture,
protein, fat and ash). Honestly significant difference (HSD)
with ANOVA one factor was performed for establishing
the index of significance for histograms plate. Every
factor presenting p < 0.05 was considered significant.

3. Results
The seasonal variations of gonadosomatic (GSI) of D.
annularis species is presented in Table 1. The
gonadosomatic indexes present four stages of
development: the stage before maturation from December
to March, the maturation stage from March to Mai, the
spawning period from Mai to August and the stage after
ponte from September to November. The gonado-somatic
indexes of Diplodus annularis (Table 1) varies between
0.46 ± 0.10% (in August) to 6.61 ± 0.13% (in May) for
males and between 0.43 ± 0.04% (in August) to 7.70 ±
0.68% (in May) for females. The maturation of the sexual
products begins in March and achieved in August.
Table 1. Seasonal variations of the gonadosomatic index (GSI) of D.
annularis; mean values ± SD
Male

Female

Dec

1.09±0.34

1.65±0.25

Jan

0.84±0.09

1.76±0.27

Feb

0.48±0.06

1.01±0.15

Mar

0.53±0.14

1.04±0.18

Apr

4.14±0.11

5.07±0.75

May

6.61±0.13

7.70±0.68

June

3.01±0.67

6.18±0.17

July

0.82±0.30

0.48±0.09

Aug

0.46±0.10

0.43±0.04

Sept

0.59±0.17

0.65±0.10

Oct

0.52±0.16

1.42±0.13

Nov

0.86±0.13

1.17±0.17
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Table 2. Variations of moisture, ash, total fat and crude protein contents (in g/100 g of fresh fish: mean Values ± SD.) and energetic values (in
kcal/100 g fresh fish ± SD.) of D. annularis; Values followed by different small letters (a, b, c, d, e, f and g) showed significant

differences at p<0.05
Season

Month

Winter

December
January
February

Spring

March
April
May

Summer

June
July
August

Autumn

September
October
November

Sex
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

Moisture
71.74 ± 0.18c
71.67±0.09d
70.92±0.52bc
67.68±0.12ab
69.76±0.19b
71.53±0.65d
69.81±0.27b
76.07±0.53ef
75.67±0.11d
77.88±0.58g
78.15±0.39e
74.87±0.74e
77.69±0.63e
76.38±0.69ef
75.54±0.25d
76.68±0.41ef
66.00±0.21a
71.94±0.57d
64.88±0.80a
66.56±0.41a
66.41±0.60a
69.18±0.61bc
71.55±0.35c
70.73±0.19cd

Ash
1.72± 0.08a
2.35±0.18c
1.79±0.16ab
1.85±0.16ab
1.96±0.19abcd
1.99±0.02abc
2.38±0.05f
2.07±0.01abc
2.17±0.04cdef
1.70±0.04a
2.23±0.10def
2.31±0.04c
2.42±0.04f
2.35±0.08c
1.98±0.08abcde
1.81±0.01ab
2.08±0.02bcdef
1.95±0.01abc
1.84±0.06abc
2.08±0.06abc
3.92±0.09g
4.18±0.12d
2.32±0.05ef
2.15±0.27bc

Table 3. Variance analysis of chemical contents and energetic value
of D. annularis according to sexes and season
Source of variation
Parameters
F (Fisher number) P (p-value)
Moisture
2.47
0.12
Protein
0.001
0.97
Sex
Fat
0.24
0.62
Ash
5.00
0.03
Energetic value
1.27
0.26
Moisture
22.38
<10-3
Protein
5.63
<10-3
Season
Fat
31.87
<10-3
Ash
7.91
<10-3
Energetic value
35.55
<10-3
Moisture
0.64
0.60
Protein
5.87
0.01
Fat
0.74
0.53
Sex × Season
Ash
0.74
0.53
Energetic value
0,44
0,72

The moisture, ash, total fat and protein contents of D.
annularis species for both fish sexes are illustrated in
Table 2. Moisture content ranged from 66.56 (in
September) to 77.88% (in April) for males and from 64.88
(in September) to 78.15% (in May) for females with
significant differences (p<0.05). The highest levels, for
both sexes, were found in summer. In the same time,
lowest values of the fat content were observed (1.04% ±
0.19 and 2.33% ± 0.06, for males and females,
respectively). In addition, this fish species contained low
fat for period from March to June. However, high values
were found in September (10.73% ± 0.20 and 11.96% ±
0.10, for males and females, respectively) with significant
differences while compared to those obtained over the
year. The protein content varied from 16.39 ± 0.55 (in
July) to 23.20 ± 0.44 (in November) for females and from
16.48±0.17 (in April) to 20.49±0.07 (in June) for males.
Ash content varied also over the year; however it
remained under a maximum of 4.18% ± 0.12 obtained in
October for males with significant differences (p<0.05).
The period of the gonadic maturation being spread out
between March and June corresponding to fish muscle
with medium nutritional values (between 87.84 ± 0.83 and
124.12 ± 1.64 Kcal/100 g fresh fish) (Table 1). However,

Fat
6.83± 0.17e
7.65±0.04fg
9.00±0.17g
10.26±0.04j
8.15±0.03f
7.87±0.02gh
2.86±0.09b
1.60±0.02b
2.33±0.06a
2.65±0.04c
3.01±0.08b
3.70±0.07d
3.65±0.26c
1.04±0.19a
5.92±0.05d
6.03±0.12e
10.85±0.10h
9.06±0.04i
11.96±0.10i
10.73±0.20k
5.98±0.23d
8.20±0.08h
8.57±0.09fg
7.43±0.05f

Protein
18.26± 0.53bcd
18.24±0.06c
19.06±0.13de
18.23±0.20c
18.33±0.05bcd
17.93±0.09c
21.56±0.02g
18.34±0.16c
20.16±0.23f
16.48±0.17a
17.92 ±0.27bc
19.17±0.07d
17.39±0.13ab
20.49±0.07e
16.39±0.09a
17.45±0.13b
17.34±0.08ab
17.03±0.12b
19.58±0.05ef
18.03±0.06c
18.55±0.55cde
18.19±0.05c
23.20±0.44h
20.11±0.07e

Energetic value
134.58±3.65e
141.81±0.62d
157.30±1.98g
165.30±1.13g
146.75±0.50f
142.55±0.62de
112.02±0.97b
87.84±0.83a
101.68±1.50a
89.85±0.88a
98.8 ±1.81a
110.06±0.93b
102.42±1.93a
91.33±2.07a
118.87±0.86c
124.12±1.64c
167.03±1.25h
149.73±0.82f
185.96±0.92i
168.69±1.69g
128.12±1.24d
146.64±1.02ef
170.02±2.31h
147.35±0.78f

before and after the gonadic maturation, the fish species
have high nutritional values (168.69 ± 1.69 and 185.96 ±
0.92 Kcal/100 g fresh fish for males and females,
respectively). The variance analysis of moisture, protein,
fat and ash contents according to fish sex and season
factors and the fish sex × season interaction is presented in
the Table 3. Season has a highly significant effect on
moisture, protein, fat and ash contents (p <10-3) while the
fish sex has a significant effect on ash content (p = 0.03).
In addition, the sex-season interaction has a significant
effect on protein content (p = 0.01).
Fatty acids profiles in D. annularis are presented in
Table 4. The fatty acids are almost 90% of the total oil.
Higher concentrations of palmitic acid (C16:0), oleic acid
(C18:1), eicosapentaenoic acid (C20:5), docosahexaenoic
acid (C22:6) and myristic acid (C14:0) were observed.
The main fatty acids having high concentration over the
year were palmitic (C16:0) acid with value varied from
26.38% ± 0.1 to 32.79% ± 0.44 (for males in spring and
summer, respectively) and oleic (C18:1) acid with value
varied from 26.28% ± 0.42 to 35.76% ± 0.16 (for females
in winter and spring, respectively). The fatty acids with
the highest percentage after these main fatty acids were
C22:6, C18:0, C14:0 and C20:5 with values varied from
6.68% ± 0.01 (for males in spring) to 10.67% ± 0.1 (for
females in winter), from 6.20± 0.1 to 9.88% ± 0.18 (for
females and males in spring, respectively), from 3.94% ±
0.01 (for males in spring) to 6.15% ± 0.13 (for females
and in winter) and 1.13% ± 0.01 to 11.03% ± 0.01 (for
males in summer and spring, respectively), respectively.
Interestingly, in the Tunisian D. annularis, the fatty acid
profiles of muscle exhibited a dominating saturated fatty
acids (SFAs) and monounsaturated fatty acids (MUFAs).
Seasonal variation of SFAs in muscle varies from 41.28%
(in spring) to 47.44% (in summer) for female, and
between 42.43% (in spring) and 50.34% (in winter) for
males. The total MUFAs varied between 34.58% (in
winter) and 37.68% (in autumn) for females, and from
34.73% (in winter) to 37.58% (in summer) for males. The
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total polyunsaturated fatty acids (PUFAs) varied between
16.55% (in autumn) and 21.54% (in spring) for females,
and from 14.32% (in summer) to 22.24% (in spring) for
males. The ω-3 fatty acids content varied between 13.27%
(in summer) and 17.61% (in spring) for females and
between 10.25% (in summer) and 18.04% (in spring) for
males. However, the highest and the lowest values of ω-3

fatty acid content were observed in spring and in summer,
respectively. In addition, high value of Σω3/Σω6 ratio was
observed essentially in spring (4.29 for males and 4.48 for
females). No significant effect of fish sexes was noted on
individual fatty acid variations, while the season has a
significant effect on palmitic acid (C16:0) content
(p<0.05).

Table 4. Fatty acid profiles of D. annularis (% of total fatty acids); mean values ± SD
Winter (January)
Spring (April)
Summer (July)
Autumn (October)
Nature
Fatty acids
Male
Female
Male
Female
Male
Female
Male
Female
C12:0
0.16 ± 0.01
0.19± 0.02
0.16± 0.02
0.27± 0.05
0.31± 0.01
0.39± 0.02
0.29± 0.01
0.21± 0.01
C14:0
5.27± 0.11
6.15± 0.13
3.94± 0.01
4.63± 0.16
4.87± 0.01
5.36± 0.04
4.66± 0.07
4.46± 0.1
C15:0
2.25± 0.03
0.94± 0.01
1.30± 0.01
0.93± 0.08
0.62± 0.12
0.56± 0.01
0.96± 0.01
1.14± 0.02
SFA
C16:0
31.66± 0.42
29.14± 0.26
26.38± 0.1
28.39± 0.5
32.79± 0.44 32.36± 0.01 30.23± 0.41 30.21± 0.34
C17:0
2.64± 0.01
0.94± 0.01
0.75± 0.04
0.85± 0.01
0.53± 0.01
0.41± 0.04
1.30± 0.01
1.68± 0.02
C18:0
8.35± 0.05
7.08± 0.02
9.88± 0.18
6.20± 0.1
8.96± 0.01
8.33± 0.14
8.01± 0.07
8.03± 0.07
C14:1
0.45± 0.01
0.42± 0.01
0.46± 0.01
0.45± 0.01
0.56± 0.01
0.49± 0.01
0.49± 0.01
0.50± 0.03
0.44± <0.01
C15:1
1.78± 0.02
1.18± 0.05
2.29± 0.1
0.19± 0.01
0.29± 0.01
0.23± 0.01
0.32± 0.01
MUFA
C16:1
3.80± 0.01
6.25± 0.22
4.20± 0.09
0.43± 0.01
0.78± 0.01
0.92± 0.01
0.62± 0.02
1.46± 0.01
C17:1
1.07± 0.01
0.44± 0.01
0.21± 0.01
0.32± 0.02
0.34± 0.01
0.32± 0.01
0.42± 0.01
0.33± 0.01
C18:1
27.62± 0.2
26.28± 0.42
28.15± 0.31
35.76± 0.16 35.59± 0.22 33.38± 0.31 35.59± 0.61 34.93± 0.59
C18:2
1.88± 0.05
1.95± 0.01
0.77± 0.01
2.36± 0.01
2.51± 0.01
2.75± 0.05
1.46± 0.01
1.70± 0.02
C18:3
0.98± 0.01
0.91± 0.01
2.08± 0.02
1.14± 0.01
0.75± 0.01
0.79± 0.01
1.42± 0.02
0.37± 0.01
C20:4
0.96± 0.01
1.27± 0.01
1.34± 0.01
0.42± 0.09
0.80± 0.01
0.39± 0.01
1.21± 0.012
0.74± 0.01
PUFA
C20:5
1.90± 0.02
5.64± 0.05
11.03± 0.01
6.74± 0.01
1.13± 0.01
4.73± 0.02
4.07± 0.01
5.15± 0.23
C22:5
0.34± 0.01
0.49± 0.01
0.32± 0.01
0.44± 0.01
0.42± 0.01
0.40± 0.01
0.40± 0.01
0.41± 0.01
C22:6
8.84± 0.09
10.67± 0.1
6.68± 0.01
10.42± 0.09
8.70± 0.03
8.13± 0.09
8.44± 0.11
8.16± 0.08
ω3
11.08
16.80
18.04
17.61
10.25
13.27
12.92
13.73
ω6
3.83
4.14
4.20
3.93
4.06
3.93
4.11
2.82
ω3/ω6
2.89
4.05
4.29
4.48
2.52
3.37
3.14
4.86
Σ SFA
50.34
44.46
42.43
41.28
48.10
47.44
45.48
45.75
Σ MUFA
34.73
34.58
35.32
37.17
37.58
35.35
37.47
37.68
ΣPUFA
14.92
20.94
22.24
21.54
14.32
17.20
17.04
16.55
Σ MUFA/ ΣPUFA
2.33
1.65
1.58
1.72
2.62
2.05
2.20
2.27
SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid, ω– 3 FA: omega– 3 fatty acid; DHA: docosahexanoic;
EPA: Eicosapentaenoic.
Table 5. Mineral contents (Fe, Zn, K, Mg, Na and Ca) in muscle of D. annularis (in mg/100 g of fresh fish); means ± SD
Winter (January)
Spring (April)
Summer (July)
Autumn (October)
Mineral element
Male
Female
Male
Female
Male
Female
Male
Female
Fe
0.11± 0.01
0.11± 0.01
0.09± 0.01
0.11± 0.01
0.11± 0.01
0.10± 0.01
0.33± 0.01
0.32± 0.01
Zn
0.24 ± 0.01
0.02± 0.01
0.18± 0.01
0.01± 0.01
0.31± 0.01
0.28± 0.01
0.10± 0.01
0.08± 0.01
Ca
21.61± 0.01
18.04± 0.01
50.49± 0.01
58.42± 0.01
57.68± 0.01
31.23± 0.01
60.02± 0.01
42.91± 0.01
K
51.19± 0.01
42.99± 0.01
35.04± 0.01
46.84± 0.01
22.59± 0.01
23.48± 0.01
33.63± 0.01
26.12± 0.01
Mg
12.49± 0.01
10.17± 0.01
7.06± 0.01
7.77± 0.01
11.56± 0.01
8.72± 0.01
4.08± 0.01
4.52± 0.01
Na
25.44± 0.01
30.38± 0.01
19.47± 0.01
24.00± 0.01
15.83± 0.01
13.38± 0.01
14.49± 0.01
14.57± 0.01

The mineral contents of of D. annularis muscle were
shown in Table 5. Values decreased from Ca to Zn as
follows: Ca>K>Na > Mg > Fe > Zn, respectively. D.
annularis is reach in potassium and calcium in all seasons.
The K content varied between 22.59 ± 0.01 mg/ 100 g of
fresh fish in summer for males to 51.19 ± 0.01 mg/ 100 g
of fresh fish in winter for males. The Ca content showed
the highest value in summer for males (57.68 ± 0.01 mg/
100 g of fresh fish) and in spring for females (58.42 ± 0.01
mg/ 100 g of fresh fish). For Mg content, the lowest
values of 4.08 ± 0.01 and 4.52 ± 0.01 mg/ 100 g of fresh
fish respectively for males and females were observed in
autumn. For Na, winter showed the highest values with
12.49± 0.01 and 10.17 ± 0.01 mg/ 100 g of fresh fish for
males and females, respectively. The Fe content varied
from 0.09 ± 0.01 (in spring) to 0.33 ± 0.01 mg/ 100 g of
fresh fish (in autumn) for males. Similar values were
observed for females. Generally, the season has a
significant effect on the variation of Fe, Zn, Na, and Ca (p
value of 0.01, 0.03, 0.04 and 0.01 respectively). However,
there were no statistically significant differences for K and
Mg contents (p > 0.05).

4. Discussion
According to the first part of results devoted to D.
annularis collected from the Gulf of Gabes area (Tunisia),
it can be concluded that the global chemical composition
(moisture, ash, fat and protein contents) undergoes large
fluctuation in response to a variety of factors. The protein
content remained at high levels over the year (superior to
16 g/100 g of fresh fish). This tendency supports the
reports of many studies [17,18] according to which the
protein content of fish changes very little with season.
Recently, [19] reported the same observation for the
Mediterranean Sardinella aurita species. However, fat
contents showed high variation. According to [20], these
changes are likely associated with the preparation for
reproductive activities. It was reported that sexual
maturity stage of the fish affects the fat content due to
increased consumption of fat reserves during the spawning
period. In addition, the fat high variation can be explained
by the gonadic maturation. [21] reported that breeding and
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during the gametogenic cycle, fishes consume protein and
fat reserves located in the muscle. The variation of fat and
moisture contents of D. annularis showed that fat content
varies widely with seasons, and in inverse proportion to
moisture content. It is a fact widely recognized that
moisture content in pelagic fish was inversely related to
fat content [22]. Moreover, D. annularis showed minimal
fat contents at the spring-beginning of summer and a
maximal value at the end of September- beginning of
autumn. These results allow us to conclude that the
reproductive strategy of the D. annularis can be described
as conservative, because storage of protein occurs before
gametogenesis, and protein seasonal changes are
negatively correlated with gonad development. The
composition of a particular species often appears to vary
depending on fishing location and seasons, but the basic
causes of composition variations are usually related to the
variation in the amount and quality of food available for
fish eats and the amount of movement it makes. For
example, fish usually stop feeding before they spawn, and
draw on their reserves of fat and protein. Again, when fish
species are overcrowded, there may not be enough food to
go round; intake will be low and composition will change
accordingly. Reduction in a basic food resource, plankton
for example, can affect the whole food chain. The
nutrition of D. annularis is multivariate (worms,
crustaceans, molluscs, echinoderms, hydrozoans and
algae). It is present at variable amounts all the year,
Upwelling and mixing also occurs within the storm
systems of the west-wind belt. The mixing by winter
storms brings nutrients to the surface; this results in
plankton blooms in early summer when the sun is high
over the horizon and delivers the light necessary for
photosynthesis. Also, the sun warms the surface waters
and provides a measure of stability, so phytoplankton is
kept in sunlit surface waters, rather than being mixed
downward into the dark regions. Generally, regions
characterized by a succession of strong mixing alternating
with warming and much sunlight yields the highest
productivity. So, the fat content is higher in autumn and
winter and lower in spring and summer which coincides
with the period of the gonadic maturation. Therefore, the
fat content varies significantly with the seasons.
Furthermore, the sex has no effect on the variation of the
moisture, fat and protein contents. This result is in
agreement with other research [5].
In the second part of this work, we analyzed the fatty
acids composition of D. annularis lipids. Oleic acid
(C18:1) was the most abundant fatty acids over year. This
result is in accordance with other studies [23,24]. This
observation was typical because oleic acid has exogenous
origin and usually indicates the ﬁsh diet type. Palmitic
acid (16:0) is the second major fatty acid in all seasons.
Other studies on Mediterranean fish reported that this fatty
acid is the most abundant [8,19]. This fatty acid was found
to be the key metabolite in fish [25]. The fatty acids C22:6
(varies between 6.68% and 10.67%) and C18:0 (Varied
between 6.20% and 9.88%) were reported to have the
highest percentages after C18:1 and C16:0. These results
were in accordance with those reported for other fish
species [26,27,28], but they were different from those
showed in other studies [19]. For example, according to
[8], the second most abundant fatty acid in the anchovy
and in picarel was C22:6 with value of 12.23 and 14.23%,
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respectively (obtained in February). Moreover, it is very
important to note that fatty acid profile differs from males
to females. Saturated and monounsaturated fatty acids are
the most abundant fatty acids in D. annularis. This result
is in agreement with data reported by other studies [29].
Generally, SFAs and MUFAs are abundant in fish from
warm or temperate regions, compared to PUFAs which
show high levels in fish from cold regions [30]. It is also
important to mention that the PUFAs have a high level
over year (values varied between 15% and 22%).
Interestingly, total omega-3 content of the total fatty acids
(11%<ω-3<18%) was superior to Sparus aurata fish
species belonging to the same family (0.9-8.6%) [31].
However, D. annularis oil is comparable to other
commercial marine fish oils such as Atlantic mackerel,
Scomber scombrus (about 18%). Therefore, Tunisian D.
annularis seems to be a good source of omega-3 fatty
acids recognized for their health benefits.
The analysis of the mineral content showed that Ca, K,
Na and Mg were the most abundant elements, however Zn
and Fe were at very low levels in D. annularis muscles.
As reported for protein and lipid, mineral content varied
with seasons. Generally, the most abundant elements are
essential to cellular metabolism and present at high
concentrations in biological tissues [32]. However, Zn and
Fe at low rate are involved in enzyme activities. Thus, this
fish can serve as a good source of essential elements
[33,34].

5. Conclusion
Diplodus annularis species from the Gabes Gulf
(Tunisia) was found to be a good source of protein and fat.
The chemical composition showed a large fluctuation over
the year in response to various factors: season, gonadic
maturation and sex. Fat content was lower in June for
males and in April for females, but higher in September
for both sexes. It varies with season and gonadic
maturation in inverse proportion to moisture content. The
major fatty acids in D. annularis lipids were palmitic acid,
stearic acid, oleic acid, eicosapentaenoic acid,
docosahexaenoic acid and myristic. The high amounts of
saturated and monounsaturated fatty acids in the screened
species are almost in agreement with other studies. The
high nutritional quality of this fish species indicates its
importance as a source of energetic and nutritional values
over the year. The significant seasonal differences
observed in the mineral contents are mainly related to the
fish diet but also to various environmental factors.
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