
ABSTRACT: Muscle tissue from the common two-banded sea
bream Diplodus vulgaris L. originating from the Adriatic Sea,
Croatia, was analyzed. The FA composition of neutral (TAG)
and polar  (PE, PC, PI/PS) lipid classes was determined, as well
as the lipid and water contents during winter and summer peri-
ods. Both the total lipid and water contents were higher in the
winter period. We identified 16 different FA. The major con-
stituents of the total FA in both seasons were saturates: palmitic
(16:0) and stearic acids (18:0); monoenes: oleic (18:1n-9) and
palmitoleic acids (16:1n-7); and polyunsaturates: arachidonic
acid (20:4n-6), EPA (20:5n-3), and DHA (22:6n-3), but their
amounts and ratios differed significantly between the two sea-
sons and between lipid fractions. The FA composition showed
a noticeable pattern of seasonality that reflected fluctuations
mainly in TAG. The diminution of the monounsaturated FA con-
tent in the summer was clearly followed by an increase in PUFA
content. Diplodus vulgaris is a good source of natural n-3 PUFA
and would therefore be suitable for inclusion in highly unsatu-
rated low-fat diets.
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Scientific evidence clearly shows that dietary FA composi-
tion is involved in the etiology of many diseases. In recent
years, the study of n-3 PUFA in marine foods has been empha-
sized because of their beneficial effects on cardiovascular dis-
eases, which are the main cause of death in occidental coun-
tries, as described in the literature (1). Increasing evidence
suggests that n-3 FA derived from fish and fish oils, particu-
larly EPA (20:5n-3) and DHA (22:6n-3), may play a protec-
tive role in coronary artery disease and its many complica-
tions through a variety of actions, including controlling the
levels of blood lipids, blood pressure, cardiac and vascular
function, and coagulation (2,3). Epidemiological studies have
demonstrated that the incidence of coronary artery disease is
inversely associated with consumption of n-3 PUFA. There-
fore, the nutritional importance of fish consumption is associ-
ated largely with the n-3 FA content (4). On the basis of our

current knowledge, the recommendation, particularly for
high-risk populations, to increase the dietary intake of n-3
PUFA through the consumption of fish is justified.

Because of those findings, many dietary supplements,
pharmaceuticals, and other products based on fish oil FA
have been developed and produced commercially (5). Thus,
there is a growing requirement for marine fish lipids.
Therefore, nutritionists and food scientists need FA compo-
sitional data for dietary formulation, processing, and prod-
uct development. FA compositional data for a great number
of marine, freshwater, and farmed fish species originating
from different parts of the world are available in the litera-
ture (e.g., Ref. 6).

Lipid content and FA composition vary not only between
fish species but also within a species as a function of such
factors as fish age, gender, nutritional habits, water tempera-
ture, and season (4). Published information about the FA
composition of Adriatic Sea fish species and the influence on
it of different eco-physical parameters is scant. 

We investigated the composition and the seasonal varia-
tion of FA in a commercially important fish species in the
Adriatic Sea, the two-banded seabream (Diplodus vulgaris
L.). The FA composition of neutral (TAG) and polar (PE, PC,
PI/PS) lipid classes was determined, as well as the lipid and
water contents in fish muscle tissue samples.

EXPERIMENTAL PROCEDURES

Collection of fish species. Samples of two-banded sea bream
(Diplodus vulgaris L.) were collected from the Kvarner Bay in
the Adriatic Sea, Croatia; five specimens were collected twice
during late winter (from February to March 2002) and five
specimens twice in late summer (from August to September
2002), forming two groups of 10 fish. Fish were captured by
long-line at a depth of 10–15 m, overnight. Ten live specimens
of similar body weight and length were selected from all the
captured specimens. Biological characteristics were deter-
mined after every collection. Body weight (g) and length (cm)
were noted, and fish were dissected immediately after catch. 

Prior to analysis, samples of about 5 g of white fish mus-
cle were taken from the middle of the left lateral region of the
body for the determination of FA composition. Likewise,
samples of about 1 g of muscle tissue were set aside for water
content analysis (see next paragraph). Each sample was put
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into a plastic tube, sealed, and marked, then transported on
ice to the laboratory of the Department of Chemistry and Bio-
chemistry at the Faculty of Medicine, Rijeka. Fish muscle tis-
sue samples were preserved at –20°C for further analysis.

Water content analysis. The water content was determined
in fish muscle tissue samples having an average mass of 1 g.
The samples, that were separated for water content analysis
were preserved overnight at +4°C and analyzed immediately
the following day, so as to obtain reliable results. The analy-
ses were performed after drying the tissue at 105°C to a con-
stant mass.

Extraction of total lipids. Total lipids were extracted from
fish muscle tissue samples according to Folch et al. (7). A
chloroform/methanol solvent mixture (2:1, vol/vol) was
added to frozen samples in the ratio solvent/tissue of 20:1
(vol/wt). The samples were homogenized three times for
10 min at 3000–4000 rpm. Each homogenization step was
followed by cooling of the sample for 1 h at +4°C. Four mil-
liliters of 0.034% MgCl2 was added to the extract for each 1
g of tissue. The chloroform/methanol extracts were incubated
overnight at +4°C to allow the organic (containing the extract
of total lipids) and aqueous layers to separate completely. The
upper (aqueous) layer was removed, and the lower (organic)
layer was rinsed with chloroform/methanol (2:1 vol/vol), then
placed into a glass tube. The total lipid fraction was obtained
by evaporating the lower phase. The solvent was removed in
a rotary evaporator under vacuum at +40°C. These extracts,
representing the total lipids, were weighed, and results were
noted for each fish. Total lipid contents were determined
gravimetrically. After that, each extract was dissolved once
again in 2 mL of chloroform/methanol (2:1 vol/vol). The re-
sulting extract of total lipids was stored at +4°C until further
analysis.

Analysis of lipid classes. Polar and neutral lipid fractions
were separated from the total lipid extract by TLC. Chromato-
grams were developed on silica gel plates [Allurole Silica gel
F254; Merck, Darmstadt, Germany; 20 × 20 cm, 0.2 mm, using
petroleum ether/diethyl ether (80:20, vol/vol)] up to 18 cm, so
as to allow the separation of polar and neutral lipids. A small
quantity of the sample was applied separately at the edge of the
plate. That part of the chromatogram was cut off after develop-
ment, and the bands were visualized by spraying with 50% sul-
furic acid in ethanol followed by heating for 1 h at 180°C. Polar
lipids remained at the start line, whereas neutral lipids moved
along the plate. The position of the bands on the preparative
part of the plate was determined by comparison with their po-
sition on the small, visualized part of the plate. Neutral lipids
(TAG) were scraped off the plate together with the silica gel
into tubes for methylation and further analysis. The same plate
was put into the polar-lipid reagent (chloroform/methanol/am-
monium hydroxide 65:35:5, by vol), up to the part where neu-
tral lipids were scraped off. Polar lipid fractions (PE, PC, PI,
PS) were visualized by iodine staining and scraped off the plate
together with silica gel into tubes for methylation. Samples of
polar and neutral lipid fractions, obtained as described, were
used for FA analysis.

FA analysis. FA compositions of polar and neutral lipid
fractions of fish muscle tissue samples were determined by
GC of the corresponding methyl esters. FAME were obtained
by acid methanolysis of lipid extracts by adding 0.86 mL of
benzene and 1.00 mL of BF3 in methanol to TAG and phos-
pholipid fractions (8). A capillary gas chromatograph equipped
with an FID was used. A nonpolar capillary column, HP In-
nowax cross-linked polyethyleneglycol (HP-5, 30 m × 0.32
mm; Agilent, Zagreb, Croatia) containing 5% diphenyl and
95% dimethylpolysiloxane, was used for analysis. The col-
umn temperature was programmed for a linear increase of
4°C/min from 150 to 210°C. The injector and detector tem-
peratures were 250°C. Nitrogen was used as carrier gas. The
analyses were performed twice. FAME were identified by
comparing their retention times with those of commercial
FAME standards (GLC 68B; Nu-Chek-Prep, Inc., Elysian,
MN). The relative share of each identified FA for each polar
and neutral lipid fraction was calculated automatically.

The degree of unsaturation, expressed as the unsaturation
index according to Kates and Baxter (9), was calculated as
follows: ∆/mol = [% monoene + 2 (% diene) + 3 (% triene) +
4 (% tetraene) + 5 (% pentaene) + 6 (% hexaene)]/100.

Statistical analysis. The results of FA composition were
expressed as mean ± SD for each FA, representing a per-
centage of total FA. The Mann–Whitney U test was used as
a nonparametric test for comparing the differences in FA
composition for two independent groups of fish obtained in
different seasons.

RESULTS AND DISCUSSION

Diplodus vulgaris is a very common fish in the Adriatic Sea.
It is commercially important and exploited because it is ap-
preciated in the Mediterranean type of diet. We also chose it
as a target fish species because it does not migrate from its
habitat once it settles there (10,11). In that way, differences in
the influence of measured parameters such as water salinity,
temperature, and pollution were to some extent avoided. 

Body weights of D. vulgaris specimens analyzed in this
study ranged from 200 to 400 g, with average lengths from 16
to 20 cm. Those values are within the limits reported in the lit-
erature (11). The total lipid content, expressed on a wet weight
basis (%, w/w), amounted to 1.0 ± 0.4% in the winter period
and 0.9 ± 0.3% in the summer period. According to the lipid
content classification, this species is a low-fat fish (4). The
water content of the samples was 77.8 ± 2.7% in the winter pe-
riod and 76.6 ± 1.7% in the summer period. These results ac-
cord with our previously published results for the same fish
species but from a different part of the Adriatic Sea (12). 

Seasonal influence on the FA composition. The FA compo-
sitions of neutral and polar lipid fractions of D. vulgaris in
winter and summer are shown in Tables 1 and 2, respectively.
The relative concentrations of each FA are expressed as per-
centages of their total. The analyzed FA were grouped as sat-
urated (SFA) and mono- and diunsaturated (MUFA + DUFA);
tri-, tetra-, penta-, and hexaenoic FA were grouped as PUFA.
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TABLE 1
FA Composition of Neutral (TAG) and Polar (PE, PC, PI/PS) Lipid Fractions of Diplodus vulgaris (expressed as percentage of total FA) in the Winter Period

Percentage of total FAa

FA component TAG PI/PS PC PE

14:0 5.9 ± 1.0 2.2 ± 1.9 1.4 ± 0.3 4.6 ± 4.3
16:0 21.9 ± 3.6 24.0 ± 8.5 44.7 ± 7.6 25.2 ± 7.0
16:1n-7 10.7 ± 1.7 1.8 ± 2.0 5.3 ± 0.5 4.3 ± 1.9
18:0 6.6 ± 0.9 17.2 ± 6.1 9.5 ± 4.0 20.7 ± 10.5
18:1n-9 32.8 ± 3.9 24.4 ± 15.0 19.9 ± 6.8 19.9 ± 5.8
18:2n-6 1.9 ± 0.7 1.8 ± 1.8 1.6 ± 0.8 3.9 ± 4.0
20:0 0.6 ± 0.4 0.2 ± 0.5 0.2 ± 0.3 0.8 ± 0.9
18:3n-3 2.6 ± 2.3 NDb 0.8 ± 0.9 1.2 ± 1.5
20:1n-9 2.5 ± 1.8 4.2 ± 3.9 0.9 ± 0.4 2.2 ± 1.4
22:0 0.3 ± 0.5 1.5 ± 2.0 1.5 ± 2.3 1.0 ± 2.5
20:4n-6 4.3 ± 1.8 7.4 ± 6.3 4.2 ± 4.8 6.7 ± 2.0
22:1n-11 1.0 ± 1.6 2.1 ± 2.6 1.3 ± 2.5 0.3 ± 0.7
20:5n-3 4.1 ± 0.9 0.9 ± 1.6 3.7 ± 2.7 2.7 ± 1.3
24:0 0.1 ± 0.2 1.0 ± 1.6 0.4 ± 0.4 0.4 ± 0.8
22:3n-3 2.2 ± 1.2 9.9 ± 9.1 1.1 ± 1.0 0.9 ± 0.8
22:6n-3 2.6 ± 1.8 1.3 ± 2.3 3.6 ± 2.7 5.3 ± 2.4

MUFA + DUFA 48.8 ± 4.9 34.3 ± 14.8 29.0 ± 7.0 30.6 ± 7.9
PUFA 15.7 ± 4.0 19.6 ± 12.3 13.3 ± 10.0 16.8 ± 7.9
Σ UFA 64.5 ± 3.3 53.8 ± 6.3 42.3 ± 9.1 47.4 ± 15.8
EPA + DHA 6.7 ± 2.6 2.2 ± 3.8 7.3 ± 4.5 8.0 ± 3.7
SFA 35.4 ± 3.3 46.2 ± 6.3 57.7 ± 9.1 52.7 ± 26.0
Unsaturation indexc 1.18 1.08 0.93 1.13
n-3/n-6 1.85 1.32 1.59 0.95

aValues are mean ± SD.
bND, not detected (<0.01%); MUFA, monounsaturated FA; DUFA, diunsaturated FA; UFA, unsaturated FA; SFA, saturated FA. 
cThe degree of unsaturation, expressed as the unsaturation index according to Kates and Baxter (9) (see text for complete formula).

TABLE 2
FA Composition of Neutral and Polar Lipid Fractions of Diplodus vulgaris (expressed as percentage of total FA) in the Summer Period

Percentage of total FAa

FA component TAG PI/PS PC PE

14:0 4.9 ± 1.1 1.5 ± 0.9 2.2 ± 1.7 0.7 ± 0.1
16:0 23.1 ± 2.4 29.6 ± 5.0 22.5 ± 8.9 39.6 ± 10.3
16:1n-7 7.3 ± 2.2 2.6 ± 2.9 3.6 ± 3.6 2.9 ± 0.9
18:0 11.4 ± 2.2 32.6 ± 16.3 36.5 ± 16.8 24.3 ± 20.4
18:1n-9 21.7 ± 2.5 5.9 ± 6.4 11.7 ± 8.5 15.0 ± 1.1
18:2n-6 2.8 ± 0.9 1.1 ± 1.0 1.5 ± 1.1 0.4 ± 0.3
20:0 0.3 ± 0.2 0.8 ± 1.1 0.5 ± 0.4 ND
18:3n-3 0.5 ± 0.6 0.8 ± 1.1 0.4 ± 0.5 0.1 ± 0.2
20:1n-9 1.8 ± 1.7 0.8 ± 1.4 0.5 ± 0.4 0.2 ± 0.2
22:0 0.7 ± 0.3 1.8 ± 1.4 1.1 ± 0.5 0.5 ± 0.7
20:4n-6 6.6 ± 2.7 7.7 ± 9.9 5.7 ± 4.2 4.9 ± 5.5
22:1n-11 ND 1.0 ± 1.4 Traceb 0.1 ± 0.1
20:5n-3 6.0 ± 2.0 1.7 ± 2.2 1.4 ± 1.6 2.1 ± 2.8
24:0 0.1 ± 0.2 1.9 ± 4.0 0.3 ± 0.2 0.1 ± 0.1
22:3n-3 5.1 ± 0.5 6.6 ± 3.3 7.5 ± 2.1 3.6 ± 2.3
22:6n-3 7.9 ± 1.0 3.7 ± 5.3 4.7 ± 2.9 5.5 ± 5.7

MUFA + DUFA 33.6 ± 2.5 11.3 ± 6.9 17.4 ± 11.6 18.5 ± 1.3
PUFA 26.0 ± 4.8 20.5 ± 13.7 19.7 ± 5.9 15.9 ± 13.4
Σ UFA 59.6 ± 4.3 31.8 ± 14.1 37.1 ± 11.8 34.4 ± 14.3
EPA + DHA 13.8 ± 2.8 5.4 ± 6.4 6.1 ± 3.8 7.3 ± 8.6
SFA 40.4 ± 4.3 68.2 ± 14.1 64.5 ± 10.8 65.3 ± 14.1
Unsaturation indexc 1.56 0.96 1.01 0.93
n-3/n-6 2.07 1.45 1.94 2.13  

aValues are mean ± SD.
bTrace, <0.1%; for other abbreviations see Table 1.
cThe degree of unsaturation, expressed as the unsaturation index according to Kates and Baxter (9) (see text for complete formula).



We identified 16 different FA in the fish muscle tissue sam-
ples analyzed. The major constituents of total FA in both sea-
sons were saturates: palmitic (16:0) and stearic acids (18:0);
monoenes: oleic (18:1n-9) and palmitoleic acids (16:1); and
polyunsaturates: arachidonic acid (20:4n-6), EPA (20:5n-3),
and DHA (22:6n-3). The major FA identified in our study
were 16:0, 18:0, and 18:1n-9; their amounts and ratios dif-
fered significantly between the two seasons and between lipid
fractions. Donato et al. (13) made a similar observation for
this fish species in other areas of catch in the Adriatic Sea.
Hazra et al. (14) reported that saturates and monoenes consti-
tute 60–70% of total FA in puffer fish. The FA profile of D.
vulgaris generally fits into the typical pattern for fresh-caught
fish, where oleic acid is usually the major constituent, with
seasonal variation (15). A statistically significant difference
(P < 0.0001) in oleic acid (18:1n-9) content was found between
summer and winter. This FA showed the greatest seasonal vari-
ation in this study, followed by 18:0 and 16:0. Values for 18:0
in TAG and PC were found to be statistically different
(P < 0.0001) during the two periods. The content of 18:0 was
considerably higher in summer, when the relative ratio of
18:0 was almost two times higher for TAG and almost four
times higher for PC than in the winter period. No statistically
significant seasonal variation was detected in the relative
ratio of 16:0 in TAG and PI/PS, but it was noticeable in PC
and PE (P < 0.05). Values for 16:0 were twice as high in win-
ter in PC. In contrast, for PE the relative ratio of 16:0 was
much higher in the summer. The content of 18:1n-9 signifi-
cantly decreased from winter to summer (P < 0.05). This is
in agreement with the results of Donato et al. (13) for D. vul-
garis originating from the Adriatic Sea. 

The concentrations of n-3 PUFA, EPA, and DHA are sig-
nificant for their biomedical importance. A statistically sig-
nificant difference in TAG (P < 0.05) was found in the EPA
and DHA content, with greater amounts in the summer. No
such difference was found in polar lipid fractions. EPA +
DHA values were twice as high in the summer period in
TAG and PI/PS. Appreciable quantities of 20:4n-6 and
22:3n-3 were also found in all the lipid fractions, with sta-
tistically significant seasonal differences (P < 0.0001) in
TAG, PC, and PE for 22:3n-3. Seasonal variation in the
20:4n-6 content was significant only in TAG (P < 0.05).
Generally, MUFA + DUFA values were significantly higher
in winter. On the other hand, PUFA values were higher in
summer, especially in TAG. SFA values were also higher in
summer. The diminution of the MUFA content in the sum-
mer was clearly accompanied by an increase in PUFA con-
tent. This is in agreement with the observations of Donato
et al. (13). The TAG serve as a store for SFA for energy pur-
poses, and they also may be a temporary PUFA reservoir
(16), which could be forwarded to the structural lipids or di-
rected to specific metabolic pathways. Statistically signifi-
cant seasonal differences (P < 0.05 and P < 0.0001) were
most conspicuous only in TAG (neutral lipid fractions) for
all the detected FA except 16:0, 20:0, 18:3n-3, 20:1n-9,

22:1n-11, and 24:0. Pazos et al. (17) reported a similar ob-
servation. On the other hand, statistically significant differ-
ences (P < 0.05 and P < 0.0001) in polar lipid fractions
(PI/PS, PC, and PE) were found to be less noticeable, espe-
cially in PI/PS, where statistically significant seasonal vari-
ation was found only for 18:1n-9 (P < 0.0001). Statistically
significant seasonal variations (P < 0.05 and P < 0.0001)
from winter to summer in PC were found in the relative ra-
tios of these FA: 16:0, 18:0, 20:0, 20:1n-9, 22:1n-11, and
22:3n-3. When analyzing for statistically significant differ-
ences in PE, they were found in the relative ratios of 14:0,
16:0, 18:1n-9, 18:2n-6, 20:1n-9, and 22:3n-3. 

The degree of unsaturation, expressed as the unsaturation
index, also differed between neutral and polar lipid fractions.
It was highest in TAG during the summer. When compared
with the results of our previous research (12), the results of
this study showed higher values for the PI/PS and PC unsatu-
ration indexes, which are in agreement with our previously
published results for the TAG and PE unsaturation indexes.
In recent years, n-3 PUFA have been proved to have greater
beneficial influence in the amelioration of heart and cardio-
vascular disorders than n-6 PUFA. Recent emphases on n-3
PUFA over n-6 PUFA propose that the n-3/n-6 ratio could be
applied as a biomedical index (1). Therefore, the n-3/n-6 ratio
is a biomedical marker for fish lipids. n-3/n-6 ratios were cal-
culated for all the lipid fractions in analyzed fish muscle tis-
sue samples. FA in D. vulgaris muscle tissue lipids have an
n-3/n-6 ratio between 1 and 2, which is quite good. But it
must be emphasized that all the ratios were higher in summer.

Our study indicates that D. vulgaris is a good source of
natural n-3 PUFA and would therefore be suitable for inclu-
sion in highly unsaturated low-fat diets. The results of our
study are in agreement with other published results for teleost
fish species originating from the Mediterranean and Adriatic
Seas (12,13,18,19). Seasonal variations of FA composition
have previously been studied for different fish species
(4,13,14,17,19). An inverse relationship between water tem-
perature and the amount of PUFA in tissue lipids of fish and
invertebrates has been shown (20). Seasonal variation of n-3
PUFA seems to be linked to the diet as well as the reproduc-
tive cycle, which was also reported by Donato et al. (13) for
D. vulgaris from the Adriatic Sea. In this study, the FA com-
position of D. vulgaris showed a significant variation from
winter to summer. The seasonal variations in D. vulgaris
lipids reflected fluctuations mainly in TG. But it must also be
emphasized that the reproductive cycle of D. vulgaris corre-
lates with those seasons, because previtellogenesis occurs in
winter and vitellogenesis occurs in summer (10,11,13). We
can conclude that, although the FA composition of fish is
complex and depends on many factors, it clearly shows a sea-
sonal pattern. 
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