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Nutritional quality parameters of eight commercially important bivalve species (Arca noae, Flexopecten glaber, Limaria tuberculata, Mimachlamys
varia, Modiolus barbatus, Mytilus galloprovincialis, Ostrea edulis and Solen marginatus) from the Ionian Sea (Southern Italy, Mediterranean Sea), were
determined. The meat yield and lipid nutritional quality indices (atherogenic index, thrombogenicity index and hypocholesterolaemic/hypercholester-
olaemic fatty acid ratio) have been also evaluated.

Meat yield values ranged from 31.4% in F glaber to 44.5% in M. varia. The results showed that all species might be considered as food items with
interesting dietetic properties due to high contents of proteins, minerals (Ca, K, Na, Fe, Zn, Cu), essential polyunsaturated fatty acids (PUFAs), and to
low cholesterol content. Among PUFASs, eicosapentaenoic (EPA) and docosahexaenoic acids (DHA) exhibited the highest levels in M. galloprovincialis
(11.74%) and in M. varia (14.41%), respectively. Elevated n-3/n-6 ratio characterized the fatty acids profile of all species ranging from 2.65 in F glaber
to 7.19 in M. galloprovincialis. The lipid nutritional quality indices showed that M. varia, M. galloprovincialis, O. edulis, S. marginatus, and L. tuberculata
might have beneficial effects on the consumer’s health. This paper will be of practical value from a health perspective for populations who consume

shellfish and a powerful marketing tool for farmers of the bivalves.

INTRODUCTION

The marine molluscs are important for marine ecology
and play an important role in human’s diet, since they are
a good source of nutrients. High quality of protein, minerals,
low lipid content, and especially high proportion of polyun-
saturated fatty acids (PUFAs) characterize the mollusc flesh,
contributing to their nutritional value and organoleptic char-
acteristics [Orban et al., 2007].

PUFAs are considered as essential fatty acids that humans
cannot synthesize and must be provided with food. Recent
studies have clearly shown the importance of PUFAs and their
nutritional value for human health. A particular emphasis
is placed on the n-3 PUFAs, eicosapentaenoic (EPA) acid
and docosahexaenoic (DHA) acid that can be associated with
several health benefits. DHA plays a role in the development
and function of the brain, the photoreception, and the repro-
ductive system [Kris-Etherton ef al., 2003; Sidhu, 2003]. EPA
is the precursor of a family of prostaglandins, which control
blood clotting and other arterial functions. This may be im-
portant in reducing the risk of cardiovascular disease, decrease
in mild hypertension, prevention of certain cardiac arrhythmias
and sudden death [Kris-Etherton er al., 2003]. EPA and DHA
also lower blood triglyceride concentrations and are substrates

* Corresponding Author: Via Roma 3, 74125 Taranto,
Tel: +39 099 4542210; fax +39 099 4542215
E-mail address: francesca.biandolino@iamc.cnr.it

for the synthesis of resolvins, which are believed to play a key
role in terminating inflammatory processes [Kohli & Levy,
2009]; moreover, they have beneficial effects on other dis-
eases, namely skin disease, asthma, arthritis, nephritis, lupus
erythematous, multiple sclerosis, and certain types of cancers
[Harris, 2010; Massaro et al., 2010]. PUFAs are influenced
by taxonomic relations and environmental conditions and de-
pend on species, nutrient habits, food availability and physio-
logical conditions, so they differ for molluscs species that come
from different geographical areas [Orban et al., 2007].

Minerals such as sodium, potassium, magnesium, calci-
um, iron, zinc and copper, are essential substances for organ-
isms and for their vital functions and growth. In fact, min-
erals are important components of hormones and enzymes
activated in human nutrition [Khan, 1992], and are involved
in physiological processes in the body, the most important
of which are pH maintenance, osmotic pressure, nerve con-
ductance, muscle contraction and energy production. Zinc,
for example, has different important biochemical functions,
in particular as cofactor to more than 300 enzymes involved
in DNA and RNA metabolism and stabilization of cell mem-
branes [Beyersmann, 2002; Rink & Gabriel, 2000].

Unsuited dietary intakes of the minerals Ca, Mg, Naand K,
either insufficient or excessive, can cause serious health issues
such as cardiovascular disease, osteoporosis, and hyperten-
sion. In general, the seafoods are excellent sources of Ca, K,
Na, Fe, Zn, Cu and in particular, oysters are good sources
of Fe, Zn, and Cu.
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Bivalve molluscs represent a significant proportion
of the world’s fishery and aquaculture. In Italy, the harvest-
ing and commercialization of bivalves represents an impor-
tant productive sector in the national economy (~111.000 ¢
of marine molluscs), after Spain (~223.000 t) and France
(~155.000 t). About 70% of the Italian shellfish production
is consumed domestically, while the remaining 30% is exported
to European countries, first among them Spain [FAO, 2016].

Despite the presence of a rich diversity of edible and com-
mercial seafood species along the Mediterranean coast [Coll
et al., 20101, little information is available with regard to
the nutritional quality for most parts of the edible marine bi-
valves from this important coastal region.

In recent years, consumers have become more health
conscious and interested in maintaining or improving their
health through the diet [Hasler, 2002]. Thus, the knowledge
on biochemical composition of any edible organisms is ex-
tremely important because it reflects their nutritional value
[Periyasamy ez al., 2011].

The ability to identify healthy components enable con-
sumers to make healthy food choices. There is a strong con-
nection between foods and health, therefore making healthier
food choices can prevent diseases with simple changes that
can contribute to your overall health and well-being. In addi-
tion, this information can be useful to producers as a power-
ful marketing tool, in the promotion of food of high economic
and nutritional values.

For these reasons, the present work aimed to investigate
the nutritional quality of eight commercially important bivalve
species from lonian Sea (Southern Italy, Mediterranean Sea),
well appreciated in the Mediterranean diet. For some of them
it is the first time that such information is given. Therefore,
the proximate, essential minerals and fatty acids composi-
tions, as well as meat yield and lipids nutritional quality indi-
ces (LNQI) were determined.

MATERIALS AND METHODS

Collection,
of bivalves

The bivalves Arca noae, Flexopecten glaber, Limaria tu-
berculata, Mimachlamys varia, Modiolus barbatus, Mytilus
galloprovincialis, Ostrea edulis, and Solen marginatus from
the Gulf of Taranto (Southern Italy, Mediterranean sea), were
purchased from a local market in January-February 2014.
Samples (maximum 24-48 h after harvesting) were imme-
diately iced and transported to the laboratory within 1 h to
be brushed, washed, and processed. Upon arrival to the labo-
ratory, each sample of about 30 individuals was split up in two
sub-groups: one for biometric measurements and determina-
tion of meat yield (MY) and one for biochemical determina-
tions. Adult specimens of commercial size of each species with
homogenous shell length were selected to ensure that any bio-
chemical differences were not size dependent. Length (maxi-
mum measure along the anterior-posterior axis) and width
(maximum lateral axis), were measured using a 0.lmm pre-
cision calliper. The bivalves were weighed, opened by cut-
ting the adductor muscle with a scalpel, and the wet meat

samples preparation and meat yield

and shells were weighed. MY was calculated as follows: (wet
meat weight/whole mussel weight) x 100 [Okumus & Stirling,
1998]. The biometric measurements are shown in Table 1.

A minimum of ten individuals (ranging 40-200 g of wet
meat weight) from each species was minced for biochemical
analyses. The specimens were manually shucked by cutting
the adductor muscle with a knife. The bivalves juice was re-
moved and the edible portion was collected. The soft body
was not separated into organs or body parts to avoid leakage
of intracellular fluids. Three replicates of ten individuals each
were obtained. Each sample was stored at -20°C (for a maxi-
mum 7 days) in polyethylene bags.

Proximate analysis

Moisture content was determined by drying the sample
in an oven at 105°C overnight until a constant weight was ob-
tained. Ash content was determined by burning the samples
in the furnace at 550°C overnight. The crude protein content
was measured by the Kjeldahl procedure (nitrogen to protein
conversion factor = 6.25). The methods of the Association
of Official Analytical Chemists [AOAC, 1995] were used.
Carbohydrates were quantified according to the phenol-sul-
phuric acid method [Dubois ef al., 1956], using glucose as
the standard. Total lipid (TL) content was determined gravi-
metrically after chloroform--methanol extraction according
to Folch et al. [1957].

All analyses were conducted in triplicate and results were
expressed on wet weight basis.

Lipid classes

Triacylglycerols  (TAGs), total cholesterol (CHL),
and phospholipids (PLs) were measured by the colorimetric
enzymatic method using a commercial kit (SGM, Rome, Ita-
ly) as reported in Prato et al. [2010]. The values are expressed
as percentage (mean = SD) of total lipids. All analyses were
performed in triplicate.

Fatty acid analysis

Fatty acids of total lipids were transesterified to methyl
ester (FAMESs) according to the procedure described by Prato
etal. [2018].

Analysis of FAMEs was performed by gas chromatography
(GC) using an HP 6890 series GC (Hewlett Packard, Wilm-
ington, DE, USA), equipped with a flame ionization detec-
tor. FAMEs were separated with an Omegawax 250 capillary
column (Supelco, Bellafonte, PA, USA) (30 m long, 0.25-mm
internal diameter, and 0.25-mm film thickness). Helium was
used as the carrier gas at a flow rate of | mL/min. The column
temperature program was as follows: 150 to 250°C at 4°C/min
and then held at 250°C. Peaks were identified by their com-
parison to the relative retention times of standards (Supelco
37 component FAME Mix), and the results were expressed as
the percentages of peak areas.

Mineral composition

Mineral analysis was carried out on a lyophilized sam-
ple with 9 mL of concentrated HNO, (70 % v/v) and 1 mL
H,0, (30 % v/v) [US EPA, 1996] using a microwave diges-
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tion system (MARSX CEM Corporation, Matthews, NC).
After mineralization, the digested samples were diluted to
50 mL with Milli-Q® water. A blank digest was performed
in the same way.

Contents of K, Na, Mg, Ca, Zn, Cu, and Fe were deter-
mined by ICP-MS (Inductively Coupled Plasma-Mass Spec-
trometry), using a Perkin Elmer model Elan 6100 DRC Plus
(PerkinElmer, Norwalk, CT, USA). Each sample was ana-
lyzed in three replicates and the relative standard deviation
(RSD) was <5 %. Accuracy was verified using the Commu-
nity Bureau of Reference (BCR) Certified Reference Mate-
rial CRM 278R (Trace elements in mussel tissue) produced
by Joint Research Centre, Geel, Belgium.

The recovery of CRM 278R ranged between 95% (Zn®)
and 105% (Na*). Chemicals were of ultrapure grade (Mer-
ck Suprapur, Darmstadt, Germany), and all the glasswares
were treated prior to the analysis with 10% v/v HNO, for 24 h
and afterwards rinsed with Milli-Q® water. Standard solu-
tions were obtained daily using ultrapure deionized water
(<0.1 us at 25°C).

Lipid nutritional quality indices (LNQI)

The data from fatty acid composition analysis were
used to determine the nutritional quality of the lipid fraction
by means of three indices using the following calculations:

Atherogenicity index [Ulbricht & Southgate, 1991]:

Al = (C14:0 + 4 x C14:0 + C16:0)
EMUFAs + PUFAs

Thrombogenicity index [Ulbricht & Southgate, 1991]:

(C14:0 + C16:0 + C18:0)
[(0.5 x XMUFAs + 0.5 x £ n6 PUFAs + 3 x £ n3 PUFAs + (n3/n6)]

TI =

Fatty acid hypocholesterolemic/hypercholesterolemic ratios
[Santos-Silva et al., 2002]:

_ (C18:1cis9 + C18:2n6 + C20:4n6 + C18:3n3 + C20:5n3 + C22:5n3 + C22:6n3)

HH (C140 + C16:0)
Statistical analysis

Analyses were performed in three replicates and each one
was measured for three repetitions. Results were expressed as
mean values + standard deviation.

The normality of the data was evaluated by Kolmogorov-
-Smirnov test. The homogeneity of variances was assessed
by Levene test. When either assumptions were met, all data
(means of proximate composition, lipid class, minerals, fatty
acids and LIQN) were examined by analysis of variance (one-
-way ANOVA) to verify whether there were differences among
the analysed species. The multiple comparison (Tukey’s test)
was applied when the variance analysis indicated significant
differences. The level of significance was set as 0.05.

A principal component analysis (PCA) based on Pear-
son’s correlation matrix relationships between variables, was
performed. Multivariate statistical treatment of the whole set
of data was preformed after logarithmic transformation to re-
duce the variability of data.

All statistical analyses were performed with the software
package Past version 1.0 and STATISTICA® (StatSoft Inc.,
Tulsa, OK, USA).

RESULTS AND DISCUSSION

Biometric parameters and meat yield

Table 1 shows results of the biometric measurements, as
well as meat yield of eight commercial bivalves. In this study,
bivalves exhibited meat yield values ranging from 31.4%
in F glaber to 44.5% and 41.2% in M. varia and M. galloprovin-
cialis, respectively.

Previous studies demonstrated that the percent meat yield
or edibility of bivalves as a good commercial quality indica-
tor varies seasonally and geographically, depending on food
availability and the timing of the gametogenic cycle [Anibal
et al., 2011; Celik et al., 2012; Okumus & Stirling, 1998; Or-
banet al., 2007].

The results obtained were comparable to those observed
for E glaber, in Lapseki Bay in Canakkale (Turkey), by Berik
& Cankiriligil [2013] (MY: 34.68 %), in the same period.
Mussels and oysters showed high MY compared with find-
ings from other studies in the Mediterranean area; e.g. mus-
sel from Adriatic Sea, Dardanelles (Turkey) and Black Sea
showed values in the range of 18-25% [Bongiorno et al., 2015;
Yildiz et al., 2006]. In turn, Fuentes et al. [2009] reported
the MY values of 31% and 34% for M. galloprovincialis from
Galicia and Valencia (Spain), respectively, during the summer
period. Moreover, Ostrea edulis from Dardanelles displayed
values of about 8% in February [Yildiz et al., 2011]. As regard
the other species no literature data exist.

Proximate analysis

The proximate composition of bivalves meat is shown
in Table 1. As expected, the main component of all stud-
ied species is the moisture, whose content indicates flesh
freshness. The highest values were found in M. gallopro-
vincialis and F. glaber, and L. tuberculata (84.10, 83.67,
and 82.60 g/100 g, respectively). These values did not differ
statistically between each other (p>0.05), and the lowest was
found in M. barbatus (79.84 g/100 g).

The highest ash content, which indicates the amount
of inorganic compounds in the tissues of bivalves, was
found in L. tuberculate, A. noae and S. marginatus (5.33 —
4.26 g/100 g; differences between values were insignificant,
p=0.05). Significantly lower (p<0.05) ash content was noted
in M. galloprovincialis (2.62 g/100 g), although four other
species exhibited not statistically different values (p> 0.05).
Despite these values, A. noae showed, for the most minerals
investigated, values lower than those of M. galloprovincialis,
probably due to the presence of other minerals not investi-
gated herein.

High protein levels and low lipid contents character-
ized the overall proximate profile of bivalves studied herein.
A. noae showed the highest protein content with 12.25g/100 g.
A. noae and S. marginatus represent a good source of protein
considering the WHO Daily Value (DV) recommendation
of 0.80g/kg/day [WHO, 2007].

The total lipid amount, also, exhibited differences among
the species, with the highest values determined in M. barba-
tus, L. tuberculata, and O. edulis (2.98,2.76, and 2.70 g/100 g,
respectively) and the lowest ones in F glaber, A. noae,
and S. marginatus (1.04, 1.18, and 1.25 g/100 g, respectively).
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TABLE 1. Biometric measurements, meat yield, proximate composition, lipid classes and mineral content of eight commercial bivalves species on a wet

weight basis.
Specification A. noae E glaber | L. tuberculata | M. varia M. barbatus | M. galloprovincialis | O. edulis | S. marginatus
Shell lenght (mm) 53.0+3.2 44.0=1.5 43.5+1.6 42.2+3.1 48.3+4.60 59.6=6.0 82.5+2.0 100.5+10.5
Shell width (mm) 29.0+1.5 41.4+3.6 33.4x3.5 37.4%5.0 25.5%2.6 27.8+33 61.2+2.0 18.5+0.5
\thl;lh??;) 108+0.5  125+11  134=07 78407  9.7%09 11.6+0.8 572+15  213=13
Meat yield (%) 40.3+2.3 31.4+3.9 352+23 44.5+4.5 40.0+1.8 41.2+43 37.5+2.3 39.0+3.5
1(\;[;’115585 80.740.8%¢  83.67+0.6%° 82.60+1.0¢ 8133=x1.9%¢ 7984274  84.10=0.6*  81.47=1.2¢  80.56=1.7¢
Ash (g/ 100g) 481+1.2%  3.16+0.2%¢  533+0.8  3.39x0.7°¢  3.77+0.90ed 2.62+0.2¢ 3.72£1.404 426+0.5%0¢
Protein (g/100 g) 12.25+1.8 7.08x0.4¢¢  8.57x0.0>¢  8.68x0.1>¢  6.88+0.0% 6.58=0.5¢ 8.10x1.2¢¢  9.96=1.4°
Lipid (g/100 g) 1.18+0.0¢ 1.04+0.3¢ 276042 226+0.6°  2.98+0.2° 2.15%0.3¢ 2.70=0.330¢  1.25+0.1¢
PL (%) 83.47+2.5%  89.59%2. 7 66.29%3.5¢  69.14%3.4c  73.32x4.5  69.83+3.8 69.54+3.4°  64.35+4.5°
TAG (%) 10.79+3.6° 7.20+3.7¢ 2297x1.2°  21.29=1.0° 21.60=1.1° 2435+1.2° 21.56x1.3*  31.57x1.0°
CL (%) 5.74=1.4° 321+1.1¢ 10.74*3.5 9.57+1.9 5.08+1.7v¢ 5.82+1.2°0 8.90=1.8¢ 4.08+1.4¢
Na (mg/100 g) 91.92+3.1¢ 301.61=10.1* 226.47+7.5¢ 167.45+5.6¢ 237.33+7.9>¢  240.3+8.0° 244.52+8.2>  167.37+5.6¢
Mg (mg/100 g) 19.30+£0.6"  47.00x1.6°  37.33x1.2¢  24.80+0.8°  40.08=1.3" 35.72+1.2¢ 29.79+1.0¢  29.75+1.0¢
K (mg/100 g) 49.63x1.6°  3446=x1.2¢  2597+0.9¢  4518=1.5¢  74.89+2.5° 3432114 46.45x1.6c  77.17x2.6°
Ca (mg/100 g) 9.7+0.35¢  21.78=0.7¢  21.59+0.7¢  14.00=0.5¢  14.45=0.5¢ 8.12+0.3 3550120 27.15+0.9°
Fe (mg/100 g) 12.50+0.4° 7.64+0.2¢ 4.58=0.1¢ 5.18+0.2f 6.54=0.2¢ 6.30=0.2¢ 11.24+0.4° 9.57+0.3¢
Zn (mg/100 g) 3.5+0.14 4.31=+0.1¢ 0.790.0f 23.4x0.8  25.42x0.8° 2.49+0.1¢ 30.67x1.00 1.95+0.1¢
Cu (mg/100 g) 0.32=0.0¢ 0.52+0.0° 0.80=0.0° 5.00+0.12 0.55+0.0° 0.22+0.0¢ 4.83+0.2¢ 0.19=0.0¢

Note: Data are the mean values of three replicates + standard deviation. Moisture and ash are expressed as % of body mass; proteins and lipids as
g/100 g. Mineral as mg/100 g. Phospholipids (PL), Triacylglycerols (TAG) and Cholesterol (CHL) as % of total lipid. Means within the same row

without a common lowercase letter differ significantly (p<0.05).

To the best of our knowledge, no information is avail-
able on the nutritional quality for most of the studied species.
Thus, we compared our findings with some other bivalve’s
species of commercial size from different geographical areas.

Protein content in M. galloprovincialis was comparable
to that found in mussels from Bay of Biscay and Ebro Delta
(Spain) [Azpeitia et al., 2016; Fuentes et al., 2009]. Higher val-
ues were found, in the same study period, by Bongiorno et al.
[2015] for bivalvles from the North Adriatic Sea (8.9-10.9%),
by Dernekbasi et al. [2015] for species from the Black Sea (10-
—11%), by Fuentes ef al. [2009] for bivalves from two different
Spanish areas, Galicia and Valencia (10%), and by Yildirim &
Ercan [2016] for species from Gulluk Gulf, Turkey (10%).

Lipids exert important biological functions as energy
storage compounds, structural components of the cell mem-
branes and as signalling molecules [Zhukova, 2014]. Lipid
contents in species studied herein were higher than most
data reported in literature [Azpeitia et al., 2016; Bongiorno
et al., 2015; Fuentes et al., 2009; Yildirim & Ercan 2016], but
agreed well with those reported by Dernekbasi ef al. [2015]
and Fuentes e al. [2009] from Valencia (2.10%).

Ashaet al. [2014] reported a slightly higher protein and lip-
id content for Crassostrea madrasensis compared with those
found in O. edulis in this study (9.41 vs 8.10 g/100 g of pro-

tein and 3.25 vs 2.79 g/100 g of lipid, respectively). In addi-
tion, Berik et al. [2017] for E glaber and Orban et al. [2007]
for Chamelea gallina reported a higher protein and lipid con-
tent (10.75 g/100 g and 1.84 g/100 g, respectively for F glaber
and 10.8 g/100 g and 1.59 g/100 g, respectively, for C. gallina).

Lipid classes

Phospholipids (PL), the major lipid class found herein,
differed among species with £ glaber and A. noae showing
the highest proportion (89.59% and 83.47% of total lipids,
respectively) (p<0.05) (Table 1). Generally, PLs in bivalves
are stable with respect to lipid class proportions, irrespective
of growth rates or diets. Such stability is linked to the struc-
tural role of the PL in cell membranes where they give the de-
sired structure to the membrane and determine its permeabil-
ity [Caers et al., 2000].

The level of triacylglycerols (TAG) in bivalves species
ranged from 7.20% to 31.57% of total lipids. The highest
TAG content was noted in S. marginatus. In turn, E glaber
and A. noae showed the lowest TAG proportion. TAGs play
important roles as energy reserves that are mainly influenced
by reproduction and/or by nutrition. Low levels of TAGs have
been considered an indicator of low nutritional status [Oku-
mus & Stirling, 1998].
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The cholesterol (CL) maintains both membrane structur-
al integrity and fluidity; moreover, it plays a key role in lipid
metabolism [Los & Murata, 2004].

Among the bivalves examined, L. tuberculata and O. edu-
lis had the highest cholesterol content (8.90-10.74% of total
lipids), while F glaber and S. marginatus and M. barbatus had
the lowest (3.21 -5.08% of total lipids) (Table 1). It is notice-
able that people who are designing low cholesterol diets for
health purposes must pay attention to these differences, even
though the flesh of the examined bivalves exhibited a relative-
ly low cholesterol content.

Minerals

Contents of minerals (Na, K, Ca, Mg, Cu, Zn, and Fe)
in fresh soft tissue of the marine bivalves found in this study
are shown in Table 1.

Significant differences (p<0.05) were found in the distri-
bution of metals among the species analyzed, though the Na, K,
Mg, and Ca were predominant in the bivalves. The only excep-
tions are represented by A. noae where Fe > Ca and by M. bar-
batus and M. varia where Zn > Ca. Na, in particular, was
the most abundant element with contents up to 3 orders of mag-
nitude higher than the other minerals. Fe, Zn, and Cu, instead,
were found generally at lower levels and followed the order Fe
> 7Zn > Cuexceptin M. varia, M. barbatus, and O. edulis where
Zn was found at higher levels than Fe. As regards the mini-
mum and maximum contents, the highest contents of Na
and Mg were found in F glaber (301.61 and 47.00 mg/100 g,
respectively), while the lowest levels of Na and Mg were
found in A. noae (91.92 and 19.30 mg/100 g, respective-
ly). The highest Ca and Zn levels were found in O. edulis
(35.50 and 30.67 mg/100 g, respectively), while the lowest
values of Ca and Zn level were found in M. galloprovincialis
(8.12 mg/100 g) and L. tuberculata (0.79 mg/100 g), respec-
tively.

The highest levels of Cu were detected in M. varia
(5.00 mg/100 g) and O. edulis (4.83 mg/100 g), while S. mar-
ginatus, M. galloprovincialis, and A. noae had the lowest level
of Cu (Table 1).

Fe was found at higher contents in A. noae (12.50 mg/100 g)
and O. edulis (11.24 mg/100 g), while in the other species was
uniformly distributed.

Lastly, S. marginatus and M. barbatus had the highest con-
tents of K (77.17 and 74.89 mg/100 g, respectively) while its
level was the lowest in L. tuberculata (25.97 mg/100 g).

In comparison with the literature data, Na, Ca, Fe, Cu,
and Zn contents found in the M. galloprovincialis were higher
than those noted for bivalves from Trieste Gulf (162 mg/100 g
for Na; 487 mg/100 g for Ca; 119 mg/100 g for Fe; 5.1 mg/100 g
for Cu; and 59 mg/100 g for Zn) and from Galician waters
(218 mg/100 g for Na; 40 mg/100 g for Ca; 1.0 mg/100 g for
Fe; 0.15 mg/100 g for Cu; and 2.3 mg/100 g for Zn) [Bongior-
no et al., 2015; Fuentes et al., 2009, respectively]. As regards
K, its levels in the M. galloprovincialis were similar to those re-
ported by Fuentes ez al. [2009] (36 mg/100 g) and lower than
those obtained by Bongiorno ef al. [2015] (41 mg/100 g).
Concerning Mg contents, Fuentes et al. [2009] reported for
M. galloprovincialis a higher value (56 mg/100 g), while Bon-
giorno et al. [2015] a lower value (14 mg/100 g).

Na, Ca, K, Mg, and Zn contents measured in oysters
were much lower than levels found in oysters of the Cro-
atian coasts (715 mg/100 g for Na, 155 mg/100 g for Ca,
248 mg/100 g for K, 90 mg/100 g for Mg, and 68 mg/100 g
for Zn) [Bilandzi¢ et al., 2016]. On the other hand, Fe lev-
els were higher (4.6 mg/100 g) and Cu contents were similar
(5.4 mg/100 g) to those obtained by Bilandzi€ et al. [2016].
No data on the minerals and trace metals studied in fresh soft
tissue of L. tuberculata, S. marginatus, M. varia, and F glaber
were found in the literature. Although, Berik er al. [2017]
in a recent paper, reported data on the mineral content
of F glaber, they are referred to digestive gland and adductor
muscle, thus a direct comparison with data of this study is im-
possible. Only a few papers report data on the trace metals
in M. barbatus and in particular regarding the Cu and Zn lev-
els herein were much higher than levels found in bivalves from
Croatian coasts (7.1 mg/100 g for Zn and 0.31 mg/100 g for
Cu) by Cuculicet al. [2010]. Differences found in mineral lev-
els in bivalves could be due to the different physiological state,
abiotic factors (size, age, and sex of organisms), biotic fac-
tors (salinity, temperature, pH, and dissolved oxygen), genetic
characteristics, chemical forms of metals, and contamination
of the area [Fuentes et al., 2009]. Anyway, considering their
WHO Daily Value recommendation [WHO, 2004], these bi-
valves can be good sources of minerals especially for Fe that
in all products analyzed constituted more than 20% of the DV.

Fatty acids

Twenty-eight fatty acids, including C12:0 to C22:6 n-3,
that exceeded a minimum of 0.1% of total fatty acids in a min-
imum of one bivalve sample, were identified (Table 2).

Fatty acid composition differed significantly among some
species (p<0.05), although, saturated fatty acids (SAFAs)
were the most predominant fatty acids in all samples, followed
by polyunsaturated fatty acids (PUFAs) and monounsaturat-
ed fatty acids (MUFAs). The content of SAFAs ranged from
40.73% in M. varia to 50.51% in F glaber (p<0.05). The main
SAFAs were palmitic acid (C16:0, from 22.52% in S. margin-
atus t0 30.50% of total FAs in O. edulis), myristic acid (C14:0,
from 4.21% to 11.8% of total FAs in O. edulis and L. tuber-
culata, respectively), and stearic acid (C18:0, from 4.85% to
10.51% of total FAs in L. tuberculata and F. glaber, respec-
tively). These findings are in agreement with other studies on
M. galloprovincialis, A. noae, and M. barbatus [Azpeitia et al.,
2016; Ezgeta-Bali¢ et al., 2012].

Palmitic acid is an important component of FAs, since its
desaturation and elongation lead to biosynthesis of essential
FAs (C18:2 n-6 and C18:3 n-3 in a first instance and later
to C20:4 n-6, C20:5 n-3, and C22:6 n-3) [Angioni & Addis,
2014].

MUFAs are often referred to as “good” fats because they
help in reducing both total and low density lipoprotein-LDL
blood cholesterol levels and protect against heart disease
[Siri-Tarino ef al., 2015]. In the present study, MUFAs repre-
sented about a quarter of the total fatty acids, with S. margin-
atus and A. noae containing significantly(p<0.05) the high-
est level (24.35-26.63% of total FAs) and M. galloprovincialis
the lowest (18.00% of total FAs) (p<0.05). The latter result
was higher than that reported by Azpeitia ef al. [2016] for
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TABLE 2. Fatty acid composition (% of total fatty acids) of eight edible bivalves Mediterranean species.

Fatty acids A. noae F. glaber L. tuberculata M. varia M. barbatus M. galloprovincialis  O. edulis S. marginatus
C12:0 0.33£0.05 0.47 £0.02 0.37+0.14 0.36+0.15 0.69+0.25 0.41+0.11 0.22+0.01 1.05+ 0.04
Cl14:0 7.61+£0.71 8.94+325 11.79+ 1.41 7.56 £ 1.02 922+ 1.11 6.94+0.18 421097 9.65 £ 0.66
C15:0 nd 2.09+0.14 0.95+0.11 nd 1.80+0.32 116+ 0.07 1524035 nd
C16:0 27214222 24724 0.58 23.43+2.23 2391+ 1.42 24314022 27.77+ 0.68 30.50 + 6.04 22,52+ 1.58
C17:0 2744022 293+0.53 1.44+0.10 1.94+0.16 256+ .31 1.82+0.18 3.01+0.02 3.89+0.58
C18:0 737+0.22 10.51 4 0.87 485+0.13 6.98+0.73 5.14+045 5.21+0.00 8.08+0.31 526+0.58
C20:0 nd nd nd nd nd 0.32+0.00 nd nd
21:0 nd 0.85+0.25 0.78+0.15 nd nd 0.73+0.17 0.56 = 0.07 1.34 % 0.00
YSAFA 4526 +£3.30™  50.51+2.14°  43.62+3.19™"  40.75+2.78"  43.72+1.26" 4436 £1.07*° 48.11+£547"  43.71+1.61*°
Cl4:1 1.07+0.16 nd 021+0.16 nd nd 0.29 + 0.04 nd nd
Cl5:1 nd 0.31+0.09 nd nd nd nd nd nd
cle:1 10.06 £ 0.86 8.38+0.79 6.06+0.72 494+ 034 11.53£0.39 7.62+0.07 278+0.53 570+0.11
C17:1 0.97+0.11 1.05 + 0.08 2.1540.29 1.13+0.06 1.23+0.30
Cl8:1n7 3.60 + 0.60 3.99+0.14 3.01+045 3.15+0.29 4.11+0.09 2.08 +0.06 2.54+0.36 2.07+0.15
Cl18:1n9t nd nd nd nd 1.02+0.15 nd nd 2.94+0.22
Cl18:1n9¢ 7.86+0.29 10.54+3.43 1173+ 1.72 11.38 4 0.90 4.17+ 0.40 5.64+0.12 9.70 +0.58 12.1340.92
C20:1n9 1.51£0.15 0.74+0.21 0.92+0.14 0.63 +0.05 0.69 = 0.01 0.77+0.08 3.55+0.69 1.33+0.65
C22:1n9 0.38+0.03 nd nd nd nd 0.47 £ 0.00 0.56=0.11 1.23+0.18
S MUFA 2435+096%  2385+3.97%  22.90+0.62% 21.15+1.33%  23.67+0.05%¢ 18.00 £0.17° 19.13 027 26.63 £0.65°
Cl8:2n6¢ 3.19+0.08 249 +0.42 245+0.10 2.17+0.11 248 +0.08 1.50 + 0.01 2574028 2,04+ 0.69
C18:3n6 0.79+0.20 043 +£0.22 0.59+0.18 1.08 £0.01 0.45 +0.02 0.36 £ 0.06 0.93 +0.50
C18:3n3 536+ 1.14 2.94+021 4474028 3.97+1.02 3.72£0.97 517+ 1.09 624+ 148 3.66 £ 0.60
C18:4n3 427+0.15 2.85+0.11 5.88+0.10 6.57+0.52 3.99+0.05 476+ 0.04 3.09+0.07 478+ 0.42
C20:2 0.23+0.10 nd nd nd nd nd nd nd
€22:0+20:3n6 047+0.15 0.80+0.13 0.14+0.16 nd 0.82+0.01 0.39+0.05 0.41+0.24 1214024
C20:3n3 +22:1 0.35+0.09 nd 0.15+0.05 nd 0.23+0.03 0.28+0.01 0.37+0.13

C20:4n6 230+0.16 2.93+0.96 1.92+0.36 222+0.17 3.79+0.08 2.16+0.12 1.85+0.45 3.51+£025
20:5n3 8.45+0.97°¢ 6.53 + 2.00*° 7.1+ 0.83*¢ 8.16+ 1.02°<4 9.27+0.15¢ 11.74 + 1.05° 7.46 + 1.45%0<d 6.10+0.59
C22:5n3 0.74 +0.04 nd nd nd nd 0.61+0.12 1.2140.04 1.47 + 0.40
(22:6n3 596+ 1.72° 6.30+2.19* 10.88 + 2.67°° 14.41 +4.32° 7.21+0.03 10.58 + 2.05° 9.20 + 4.40°° 5.95+0.70°
Y PUFA 3038425  25.63+6.07"  33.46+3.81°°  37.86+6.15° 32.59+.1.29"¢ 37.64 £1.25° 3276 £5.75"  29.66 +2.26™°

Note: Data are the mean values of three replicates + standard deviation. Means within the same row without a common lowercase letter differ signifi-
cantly (p<0.05); nd= not detected. SAFA = saturated fatty acids, MUFA= monounsaturated fatty acids, PUFA= polyunsaturated fatty acids.

M. galloprovincialis from Bay of Biscay (Spain), but similar to
that found by Ferndndez et al. [2015] for M. edulis collected
at various locations in Ireland, in the same period of the year.

The major MUFAs were palmitoleic (C16:1) and oleic
(C18:1 n-9) acids, which is in agreement with literature data
[Bongiorno et al., 2015; Fuentes et al., 2009]. However, the rel-
ative contents of these fatty acids differed widely among all
species. The oleic acid (C18:1 1-9) showed the highest val-
ues, with 12.13% and 11.73% of total FAs, in S. marginatus
and L. tuberculata, respectively, and the lowest ones in M. bar-
batus (4.17% of total FAs) and M. galloprovincialis (5.64%
of total FAs) (Table 2). Ezgeta-Balic et al. [2012] reported
values of palmitoleic and oleic acids in A. noae, M. gallopro-
vincialis, M. barbatus, and O. edulis from Adriatic Sea lower
than those observed in this study period. The predominance
of these MUFAs in some examined species may have two ori-
gins: exogenous from the diets or endogenous by desaturation
of C16:0 and C18:0 acids, respectively [Ekin & Baghan, 2010].

Considerable variation in the relative proportion of to-
tal PUFAs was found in the Tonian bivalve species, showing
the highest level in M. varia, M. galloprovincialis, L. tubercula-
ta, O. edulis, and M. barbatus (32.59-37.86% of total FAs; dif-
ferences between values were insignificant, p>0.05) (Table 2).
Other species showed to have the PUFAs percentage greater
than 30% of total FAs, such as L. tuberculata (33.46%), O. edu-
lis (32.76%), M. barbatus (32.59%), and A. noae (30.38%).

The composition of the seafood lipid fraction has widely
been studied in terms of its PUFAs and highly unsaturated fatty
acids (HUFAs), in both the n-3 and n-6 family, for its implica-
tions in reducing cardiovascular diseases and inflammations
[Simopoulos, 2006; Wijendran & Hayes, 2004].

DHA (C22:6 n-3) and EPA (C20:5 n-3) were the main
n-3 FAs found in this study, accounting for over 65% of the to-
tal #n-3 PUFASs in most of the bivalves, followed by a-linolenic
(C18:3 n-3) and stearidonic acids (C18:4 n-3). However, EPA
and DHA proportions significantly (p<0.05) differed among
the bivalve species. M. galloprovincialis showed the highest
EPA level with 11.74% of total FAs, while the highest DHA
was found in M. varia and L. tuberculata (10.88-14.41% of to-
tal FAs), which is in line with literature data [Bongiorno et al.,
2015; Dernekbasi et al., 2015; Prato et al., 2010; Radic et al.,
2014; Telahigue ef al., 2010]. In turn, Azpeitia et al. [2016]
in their study with mussels (M. galloprovincialis) cultured
in the Bay of Biscay (northern Spain) found lower levels
of EPA (8.77%-8.82% of total FAs) and higher levels of DHA
(18.24%-22.49%) than those determined in our study.

Among n-6 PUFAs, the most abundant were linoleic acid
(C18:2 n-6) with content ranging from 1.50% (M. galloprovin-
cialis) to0 3.19% (A. noae), and arachidonic acid (C20:4 n-6)
with contents from 1.85% (O. edulis) to 3.79% (M. barbatus)
of total FAs (Table 2). These data are in accordance with
those reported in literature, in the same period of the year for



F Biandolino et al.

77

M. galloprovincialis, A. noae, M. barbatus, F glaber and Ru-
ditapes philippinarum [Azpeita et al., 2016; Dernekbasi et al.,
2015; Ezgeta-Balic et al., 2012; Ferndndez-Reiriz et al., 2017,
Prato et al., 2010; RadiC et al., 2014; Telahigue et al., 2010].

Essential fatty acids, such as C18:2 n-6 and C18:3 n-3, are
of great physiological importance since they are the precur-
sors for the two families: n-3 and n-6.

They are converted into long-chain highly unsaturat-
ed fatty acids such as arachidonic acid (C20:4 n-6), EPA
and DHA via fatty acid desaturation and elongation steps.
However, the conversion efficiency is low in humans, so di-
rect uptake appears to be significantly more effective [Brenna,
2002; Burdge et al., 2003].

Lipids nutritional quality indices (LNQI)

Due to different effects of fatty acids on health, LNQI,
with consideration to the fatty acid profile and their biological
functions, were estimated.

The consumption of foods containing relatively high
levels of 1n-3 PUFAs and lower amounts of n-6 PUFAs pro-
vides a high n-3/n-6 ratio that is favourable for human health
and can been used as an index for comparing the nutrition-
al values of shellfish, such as for fish oil [Piggott & Tucker,
1990]. On the other hand, a very high intake of n-6 PUFAs
was recognized as undesirable [Kinsella e al., 1990; Simo-
poulos, 2006] due to their associated negative health impacts
such as an increased risk of cardiovascular disease and auto-
immune diseases [Simopoulos, 2006].

A high content of the nutritionally important 7-3 PUFAs
(from 18.62% to 33.12%) and low levels of total n-6 PUFAs
(from 4.60% to 8.17%) were obtained herein. Consequently,
high n-3/n-6 ratio values characterized the FAs profile of all
species from lonian Sea examined (Table 3). They ranged
from 2.65 in F glaber to 7.19 in M. galloprovincialis.

The recommended 712-3/n-6 ratio differs between authors but
it is always superior to 1 [Chow, 2008]. The U.K. Department
of Health recommends an ideal 72-3/n-6 ratio to be 4.0, at maxi-
mum [HMSO, 1994]. A ratio higher than 4.0 is of great impor-
tance in order to diminish coronary heart diseases, plasma lipid
levels and cancer risks [Kinsella ef al., 1990]. However, due to

the excessive use of vegetable oil, rich in linoleic acid (18:2 1-6),
in the human food chain and to reduced intake of seafood, this
ratio is now lower, in most Western diets [Simopoulos, 2008].

In our study, M. varia, L. tuberculata and O. edulis had
the n-3/n-6 ratio above 5, suggesting that these species
could be categorized as ideal to human health consumption.
Dernekbasi et al. [2015] reported for M. galloprovincialis an
n-3/n-6 ratio between 1.44 (Autumn) and 2.23 (Winter), which
is much lower compared to that obtained in this study (7.19).
On the other hand, Azpeitia et a/. [2016] found a similar value
of 6.85 in M. galloprovincialis, in the same study period.

Asha et al. [2014] reported an n-3/n-6 ratio of 4.66 for
C. madrasensis, which is slightly lower than that found
in O. edulis (5.31).

Another useful key factor for the evaluation of nutritional
quality of seafood is the PUFA/SAFA ratio. A minimum value
of PUFA/SAFA ratio recommended is 0.45 [HMSO, 1994],
which is lower than those obtained from all bivalve species
studied herein. The highest PUFA/SAFA ratio was obtained
for M. varia (0.94) followed by M. galloprovincialis (0.85),
L. tuberculata (0.77) and M. barbatus (0.75). These values did
not differ statistically between each other (p>0.05).

SAFAs have been cited as responsible for a minor increase
of HDL-cholesterol; however, such a positive effect does
not prevent the harmful increase of low-density lipoprotein
(LDL) cholesterol [DiNicolantonio et al., 2016].

Atherogenic index (Al), thrombogenicity index (TI)
and hypocholesterolaemic/hypercholesterolaemic fatty acid
ratio (HH) provide indications on the dietetic quality of lipids
and their potential effect on the development of coronary dis-
ease [Ulbricht & Southgate, 1991]. Low values of Al and TI
show the better nutritional quality of fatty acids, reducing
the potential risk of coronary heart disease (CHD). Litera-
ture data reported values of Al from 0.20 to 2.37 and TI from
0.01 to 1.18 for different seafoods, including bivalves [Ghribi
et al., 2017; Joy & Chakraborty, 2017; Turan et al., 2007].
In this study, Al and TI fell within the above-mentioned range
(Table 3). The values of Al<1 were observed in M. varia,
O. edulis (0.93) and M. galloprovincialis (1.0), while the high-
est one in L. tuberculata and F. glaber (1.24-1.26).

TABLE 3. Nutritional quality indexes of eight edibles bivalves species of commercial interest.

Specification A. noae F glaber | L. tuberculata | M. varia M. barbatus | M. galloprovincialis O. edulis S. marginatus
> n-3 25.13+4.02%¢  18.62+4.43¢ 28.50+3.13%° 33.12+6.28" 24.42x1.660<4 33.08+2.082 27.57+7.65%0¢ 21.96+1.51¢
2 n-6 5.96x0.28  7.01x1.64°  494+0.48> 4.98+0.12> 8.17%0.16* 4.60=0.10° 5.18+4.84b 7.70+1.69
n-3/n-6 421£0.65¢  2.65£0.06¢ 577021  6.65£1.44*  2.99+0.14¢ 7.19+0.282 5.31+0.98° 2.86+0.44¢
PUFA/SAFA  0.68+0.13>¢  0.51=0.14c 0.77+0.15**  0.94x0.13*  0.75=0.07* 0.85+0.07*% 0.68+0.28>¢  0.68=0.11°¢
UNS/SAFA 1.21£0.15%¢  0.98+0.08  1.30=0.17+>  1.45+0.17*  1.29+0.09*® 1.25+0.08® 1.10£0.34>¢  1.29+0.12¢0
Al 1.06+0.16*> 1.24+0.33*>  1.26=0.20*°  0.93+0.12®  1.10+0.08* 1.00+0.042> 0.93+0.23° 1.10£0.08®
TI 0.46+0.09°  0.61=0.15*  0.38+0.07°  0.33+£0.06>  0.42+0.02° 0.34+0.02° 0.44+0.12° 0.44+0.03"
HH 0.98+0.19*  0.95+0.16> 1.13+0.20**  1.34+0.20*  0.87=0.06 1.08+0.06*" 1.14+0.31**  1.08+0.08®

Note: Values are mean (= SD). Means within the same row without a common lowercase letter differ significantly (p<0.05). SAFA = saturated fatty
acids, MUFA= monounsaturated fatty acids, PUFA= polyunsaturated fatty acids, UNS= unsaturated fatty acids, Al= Atherogenic Index, TI=
Thrombogenicity Index and HH hypocholesterolaemic/hypercholesterolaemic fatty acid ratio.
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As regards the TI value, there were no significant differenc-
es among species (0.33-0.46) except for F glaber that showed
a significantly higher TI value (0.61) (p<0.05) (Table 3).
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ENENS I SN
T L}

w
T

0 1 2 3 4 5 6 7 8 9
Component number
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FIGURE 2. Loading of the variables on the first two principal compo-
nents (a); scatter plot of different bivalve species (b).

As regards the hypocholesterolaemic/hypercholesterol-
aemic fatty acid ratio (HH), its higher values are desirable
[Joy & Chakraborty, 2017; Ramos Filho et al., 2008]. In this
study, M. varia with 1.34 significantly differed from A. noae,
F glaber and M. barbatus that showed the lowest HH values
(0.87-0.98) (p<0.05).

The similarities and differences among the nutritional
parameters of bivalves species investigated were statisti-
cally assessed utilizing PCA on a data set of 8 cases (8 bi-
valves) and 21 variables (Na, Mg, K, Ca, Fe, Zn, Cu, 2SAFA,
>MUFA, >PUFA, n-3, n-6, n-3/n-6, UNS/SAFA, PUFA/
SAFA, EPA, DHA, protein, lipid, moisture, ash).

Five principal components (PC) were extracted by cover-
ing 91% of the cumulative variance. The variance of the five
principal components is 64.9%, 20.1%, 5.9%, 3.5% and 1.6%,
respectively. Figure 1 reported the scree plot of the eingenval-
ues. In agreement to these results, the total variance explained
by the two first components was 85%. Loading of variables
on the first two principal components (Figure 2a) showed
that moisture, Zn, Cu, EPA, lipid, UNS/SAFA, PUFA/SAFA,
PUFA, n-3, n-3/n-6 and DHA had positive scores on the PC1,
while K, Ca, Fe, Mg, Na, ash, protein, MUFA, n-6 and SAFA
were characterized by negative scores on the same factorial
component. Besides protein, K, ashes, UNS/SAFA, MUFA,
Fe, PUFA/SAFA, n-6, PUFA, Zn and n-3 had positive scores
on the PC2 while Na, Mg, SAFA, moisture, EPA, DHA,
lipid, Ca, Cu and n-3/n-6 had negative scores on the PC2.
The scatter plot of scores on the first two principal compo-
nents PC1 and PC2 (Figure 2b) shows a separation among
the bivalves. In fact, M. varia, M. galloprovincialis, L. tuberculata
and O. edulis, had positive scores on the PC1, while F glaber,
S. marginatus, A. noae and M. barbatus were characterized
by negative scores on the same principal component. Further-
more A. noae, S. marginatus, M. varia and M. barbatus had
positive scores on the PC2 while £ glaber, M. galloprovincialis,
O. edulis and L. tuberculata had negative scores on the PC2.
PCA showed, therefore, that £ glaber was associated to higher
Na, Mg, SAFA and Ca than other organisms; M. galloprovincia-
lis, O. edulis and L. tuberculata were associated to higher mois-
ture, EPA, DHA, lipid, n-3/n-6 and Cu, while A. noae, S. mar-
ginatus and M. barbatus were associated to higher protein, ash,
K, MUFA, Fe and n-6. Lastly, Mimachlamys varia was associ-
ated to higher UNS/SAFA, PUFA/SAFA, PUFA, n-3.

CONCLUSION

The importance of the results of this study lies in the fact
that, up to now, nutritional quality data are not available
in the literature for half of the eight bivalves species. There-
fore, it can provide information to consumers, nutritionists,
food scientist and guide the farmers to promote the culture
of these species.

Edible bivalves, from the Ionian coast of Italy may be con-
sidered as food item with interesting dietetic properties due
to high contents of protein, Ca, K, Na, Fe, Zn, Cu, and low
cholesterol content and to the interesting fatty acid composi-
tion. Both the amount of lipid (rather low) and the propor-
tion of saturated, monounsaturated, and polyunsaturated
fatty acids in bivalves contribute to a healthful diet.
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One of the purposes of this study was just to obtain in-
formation on the profile of fatty acids in these bivalve species
of commercial interest, widely appreciate in the markets.

The main result of the present study is the finding that
many of them can satisfy the nutritional needs of consumers
for valuable -3 PUFAs, that represent the fraction of the sea-
food lipids that has the largest effect on human health.

All species showed elevated levels of n-3 PUFAs, especially
EPA and DHA, plus a high n-3/n-6 ratio. M. galloprovincialis
and M. varia showed the best values of these two FAs.

The n-3/n-6 ratio, PUFA/SAFA, HH, Al and TI, which are
indicators of lipids nutritional quality in food, indicated that
the consumption of these species could be beneficial to hu-
man health. Despite differences among bivalves investigated,
all samples had the n-3/n-6 ratio within the recommended
range and among them, M. galloprovincialis. M. varia, L. tu-
berculata, O. edulis had the best n-3/n-6 ratio. In terms of HH,
Al and T1, M. varia, O. edulis, M. galloprovincialis, and L. tu-
berculata showed to have good potential as a nutritional food
with beneficial effects for the consumer’s health. Moreover,
it must be emphasized that L. tuberculata is not very com-
mercialized; it is considered a niche product well appreci-
ated for its organoleptic qualities by estimators, in particular
in Southern Italy. At present, no literature data of this species
in the wild exist, but our results encourage further studies.

This study has shown that differences exist in fatty acid
composition among specific Tonian bivalve species and this
is particularly important when a nutritional evaluation of
seafood is made and when recommendations of human con-
sumption levels follow for specific health benefits. Considering
the importance of exogenous (season, temperature, salinity)
and endogenous factors related to the nutritional quality of bi-
valves, future research will extend the study period to one year.

RESEARCH FUNDING

The CNR- IRSA Water Research Institute, UOS di Taranto
supported this research.

CONFLICT OF INTERESTS
Authors declare no conflict of interests.
REFERENCES

1. Angioni, A., & Addis, P. (2014). Characterization of the lipid
fraction of wild sea urchin from the Sardinian Sea (western Med-
iterranean). Journal of Food Science, 79(2), C155-C162.

2. Anibal, J., Esteves, E., & Rocha, C. (2011). Seasonal varia-
tions in gross biochemical composition, percentage edibility
and condition index of the clam Ruditapes decussatus cultivated
in the Ria Formosa (South Portugal). Journal of Shellfish Re-
search, 30(1), 17-23.

3. AOAC, Official Methods of Analysis (16th ed.) Association
of Official Analytical Chemists. Washington DC USA (1995).

4. Asha, K. K., Anandan, R., Mathew, S., & Lakshmanan, P. T.
(2014). Biochemical profile of oyster Crassostrea madrasensis
and its nutritional attributes. Egyptian Journal of Aquatic Re-
search,, 40(1), 35-41.

. Azpeitia, K., Ferrer, L., Revilla, M., Pagaldai, J., & Mendiola, D.

(2016). Growth, biochemical profile, and fatty acid composition
of mussel (Mytilus galloprovincialis Lmk.) cultured in the open
ocean of the Bay of Biscay (northern Spain). Aquaculture (Am-
sterdam, Netherlands), 454, 95-108.

. Berik, N., & Cankiriligil, C. (2013). Determination of proximate

composition and sensory attributes of scallop (Flexopecten gla-
ber) gonads. Marine Science and Technology Bulletin, 3, 5-8.

. Berik, N., Cankiriligil, E. C., & Giil, G. (2017). Mineral content

of smooth scallop (Flexopecten glaber) caught Canakkale, Tur-
key and evaluation in terms of food safety. Journal of Trace Ele-
ments in Medicine and Biology, 42, 97-102.

. Beyersmann, D. (2002). Homeostasis and cellular functions

of zinc. Materialwissenschaft und Werkstofftechnik, 33(12), 764-769.

. Bilandzi¢, N., Sedak, M., Calopek, B., Zrnci¢, S., Oraic, D.,

Beni¢, M., & Ujevi¢, 1. (2016). Element differences and evalua-
tion of the dietary intake from farmed oysters and mussels col-
lected at different sites along the Croatian coast of the Adriatic
Sea. Journal of Food Composition and Analysis, 45, 39-49.

. Bongiorno, T., lacumin, L., Tubaro, F, Marcuzzo, E., Sensidoni,

A., & Tulli, E (2015). Seasonal changes in technological and nu-
tritional quality of Mytilus galloprovincialis from suspended cul-
ture in the Gulf of Trieste (North Adriatic Sea). Food Chemistry,
173,355-362.

. Brenna, J. T. (2002). Efficiency of conversion of alpha-linolenic

acid to long chain n-3 fatty acids in man. Current Opinion in Clin-
ical Nutrition and Metabolic Care, 5(2), 127-132.

. Burdge, G. C., Finnegan, Y. E., Minihane, A. M., Williams, C.

M., & Wootton, S. A. (2003). Effect of altered dietary n-3 fatty
acid intake upon plasma lipid fatty acid composition, conversion
of [13C]Jalpha-linolenic acid to longer-chain fatty acids and par-
titioning towards beta-oxidation in older men. British Journal
of Nutrition, 90(2), 311-321.

. Caers, M., Coutteau, P, & Sorgeloos, P. (2000). Impact of starva-

tion and of feeding algal and artificial diets on the lipid content
and composition of juvenile oysters (Crassostrea gigas) and clams
(Tapes philippinarum). Marine Biology, 136(5), 891-899.

. Celik, M. Y., Karayiicel, S., Karayiicel, I., Oztirk, R., & Eyi-

boglu, B. (2012). Meat yield, condition index, and biochemical
composition of mussels (Mytilus galloprovincialis Lamarck,
1819) in Sinop, South of the Black Sea. Journal of Aquatic Food
Product Technology, 21(3), 198-205.

. Certified Reference Material 278R, Community Bureau of Refer-

ence (BCR), (Trace elements in mussel tissue) produced by Joint
Research Centre, Geel (Belgium).

. Chow, C. K. (2008). Fatty Acids in Foods and their Health Implica-

tions (3th ed.) CRC Press Inc., Boca Raton, Florida: C.K. Chow,
p. 1296

. Coll, M, Piroddi, C., Steenbeek, J., Kaschner, K., Ben Rais Las-

ram, E, Aguzzi, J., & Voultsiadou, E. (2010). The biodiversity
of the Mediterranean Sea: Estimates, patterns, and threats. PLoS
One, 5(8), ¢11842.

. Cuculic, V,, Cukrov, N., Kwokal, Z., & Mlakar, M. (2010). Trace

metals in bivalves’ soft tissue from Mljet National Park Aquato-
rium, Croatia. Rapports et procés-verbaux des réunions Commis-
sion internationale pour l'exploration scientifique de la Mer Médi-
terranée., 39, 237.

. Dernekbasi, S., Oksiiz, A., Celik, M. Y., Karayiicel, I, & Karayii-

cel, S. (2015). The Fatty acid composition of cultured mussels



80

Nutritional Quality of Marine Bivalves

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

(Mytilus galloprovincialis Lamarck 1819) in offshore longline sys-
tem in the Black Sea. Journal of Aquaculture and Marine Biology,
2(6), 00049.

DiNicolantonio, J.J., Lucan, S.C., & O’Keefe, J.H. (2016).
The evidence for saturated fat and for sugar related to coro-
nary heart disease. Progress in Cardiovascular Diseases, 58(5),
464-472.

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., & Smith,
E (1956). Colorimetric methods for determination of sugars
and related substances. Analytical Chemistry, 28(3), 350-356.
Ekin, 1., & Bashan, M. (2010). Fatty acid composition of select-
ed tissues of Unio elongatulus (Bourguignat, 1860) (Mollusca:
Bivalvia) collected from Tigris River, Turkey. Turkish Journal
of Fisheries and Aquatic Sciences, 10(4), 445-451.

Ezgeta-Balic, D., Najdek, M., Peharda, M., & Blazina, M. (2012).
Seasonal fatty acid profile analysis to trace origin of food sources
of four commercially important bivalves. Aquaculture (Amster-
dam, Netherlands), 334-337, 89—-100.

FAO (2016). The state of World Fishery and Aquaculture. Con-
tributing to food security and nutrition for all. Rome, p. 200.
Fernandez, A., Grienke, U., Soler-Vila, A., Guihéneuf, E, Stengel,
D.B., & Tasdemir, D. (2015). Seasonal and geographical varia-
tions in the biochemical composition of the blue mussel (Mytilus
edulis L.) from Ireland. Food Chemistry, 177, 43-52.
Fernandez-Reiriz, M. J., Irisarri, J., & Labart, U. (2017). Fatty
acid composition of female and male clams (Ruditapes philip-
pinarum): Energy intake and temperature reliance. Aquaculture
Nutrition, 23(1), 119-128.

Folch, J., Lees, M., & Sloane Stanley, G.H. (1957). A simple
method for the isolation and purification of total lipides from
animal tissues. The Journal of Biological Chemistry, 226(1),
497-509.

Fuentes, A., Fernandez-Segovia, 1., Escriche, 1., & Serra, J.A.
(2009). Comparison of physico-chemical parameters and com-
position of mussels (Mytilus galloprovincialis Lmk.) from differ-
ent Spanish origins. Food Chemistry, 112(2), 295-302.

Ghribi, E, Bejaoui, S., Rabeh, I., Aouini, E, Chetoui, 1., & El
Cafsi, M. (2017). Effects of culinary methods on nutritional
characteristics of the edible shellfish Noah ’s Ark (Arca noae L.,
1758) from Tunisian Coasts. Journal of Aquatic Food Product
Technology, 26(10), 1324-1336.

Harris, W. S. (2010). Marine omega-3 Fatty acids and plaque sta-
bilization. Current Atherosclerosis Reports, 12(6), 357-358.
Hasler, C. M. (2002). Functional foods: Benefits, concerns
and challenges-a position paper from the american council on
science and health. The Journal of Nutrition, 132(12), 3772-378]1.
HMSO UK (1994). Nutritional aspects of cardiovascular disease:
report of the Cardiovascular Review Group, Committee on Medi-
cal Aspects of Food Policy. Series: Report on health and social
subjects, Department of Health, No. 46, London: HMSO, p. 186.
Joy, M., & Chakraborty, K. (2017). Nutritional qualities
of the low-value bivalve mollusks Paphia malabarica and
Villorita cyprinoides at the estuarine waters of the Southwestern
coast of India. Journal of Aquatic Food Product Technology, 26(1),
54-70.

Kinsella, J. E., Lokesh, B., & Stone, R. A. (1990). Dietary
n-3 polyunsaturated fatty acids and amelioration of cardio-
vascular disease: Possible mechanisms. The American Journal
of Clinical Nutrition, 52(1), 1-28.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Kohli, P, & Levy, B. D. (2009). Resolvins and protectins: Medi-
ating solutions to inflammation. British Journal of Pharmacology,
158(4), 960-971.

Kris-Etherton, P. M., Harris, W. S., & Appel, L. J., & the AHA
Nutrition Committee. American Heart Association. (2003).
Omega-3 fatty acids and cardiovascular disease: New recom-
mendations from the American Heart Association. Arteriosclero-
sis, Thrombosis, and Vascular Biology, 23(2), 151-152.

Los, D. A., & Murata, N. (2004). Membrane fluidity and its roles
in the perception of environmental signals. Biochimica et Bio-
physica Acta, 1666(1-2), 142-157.

Massaro, M., Scoditti, E., Carluccio, M. A., & De Caterina, R.
(2010). Nutraceuticals and prevention of atherosclerosis: Focus
on omega-3 polyunsaturated fatty acids and Mediterranean diet
polyphenols. Cardiovascular Therapeutics, 28(4), e13-¢19.
Okumus, 1., & Stirling, H. P. (1998). Seasonal variations in the
weight, condition index and biochemical composition of mussels
(Mytilus edulis L.) in suspended culture in two Scottish sea lochs.
Aquaculture (Amsterdam, Netherlands), 159(3-4), 249-261.

Orban, E., Di Lena, G., Nevigato, T., Casini, I., Caproni, R.,
Santaroni, G., & Giulini, G. (2007). Nutritional and commer-
cial quality of the striped venus clam, Chamelea gallina, from
the Adriatic sea. Food Chemistry, 101(3), 1063-1070.
Periyasamy, N., Srinivasan, M., Devanathan, K., & Balakrish-
nan, S. (2007). Nutritional value of gastropod Babylonia spirata
(Linnaeus, 1758) from Thazhanguda, Southeast coast of India.
Asian Pacific Journal of Tropical Biomedicine, 1(2), 249-252.
Piggott, G. M., & Tucker, B. W. (1990). Food from the sea. in: Sea-
food: Effects of Technology on Nutrition, Marcel Dekker, Inc., New
York, USA, (eds. G.M. Piggot, B.W. Tucker). pp. 1-30.

Prato, E., Chiantore, M., Kelly, M. S., Hughes, A. D., James,
P, Ferranti, M. P, & Fanelli, G. (2018). Effect of formulated di-
ets on the proximate composition and fatty acid profiles of sea
urchin Paracentrotus lividus gonad. Aquaculture International,
26(1), 185-202.

Prato, E., Danieli, A., Maffia, M., & Biandolino, F. (2010). Lipid
and fatty acid compositions of Mytilus galloprovincialis cultured
in the Mar Grande of Taranto (Southern Italy): Feeding strat-
egies and trophic relationships. Zoological Studies (Taipei, Tai-
wan), 49(2), 211-219.

Radi¢, I. D., Cari¢, M., Najdek, M., Jasprica, N., Bolotin, J., Pe-
harda, M., & Bratos Cetinic, A. (2014). Biochemical and fatty acid
composition of Arca noae (Bivalvia: Arcidae) from the Mali Ston
Bay, Adriatic Sea. Mediterranean Marine Science, 15(3), 520-531.
Ramos Filho, M. M., Ramos, M. I. L., Hiane, P. A., & Souza, E.
M. T. (2008). Lipid profile of four fish species from the Pantanal
region, Mato Grosso. Food Science and Technology (Campinas),
28, 361-365.

Rink, L., & Gabriel, P. (2000). Zinc and the immune system.
The Proceedings of the Nutrition Society, 59(4), 541-552.
Santos-Silva, J., Bessa, R. J. B., & Santos-Silva, F. (2002). Effects
of genotype, feeding system and slaughter weight on the quality
of light lambs. II. Fatty acid composition of meat. Livestock Pro-
duction Science, 77, 187-194.

Sidhu, K. S. (2003). Health benefits and potential risks related to
consumption of fish or fish oil. Regulatory Toxicology and Phar-
macology, 38, 336-344.

Simopoulos, A. P. (2006). Evolutionary aspects of diet, the ome-
ga-6/omega-3 ratio and genetic variation: nutritional implica-



F Biandolino et al.

81

51

52.

53.

54.

55.

56.

57.

tions for chronic diseases. Biomedicine. Pharmacotherapy, 60,
502-507.

Simopoulos, A. P. (2008). The importance of the omega-6/ome-
ga-3 fatty acid ratio in cardiovascular disease and other chronic
diseases. Experimental Biology and Medicine, 233, 674-688.
Siri-Tarino, P. W,, Chiu S., Bergeron N., & Krauss R. M. (2015).
Saturated fats versus polyunsaturated fats versus carbohydrates
for cardiovascular disease prevention and treatment. Annual Re-
view of Nutrition, 35, 517-543.

Telahigue, K., Chetoui, I., Rabeh, I., Romdhane, M. S., & El
Cafsi, M. (2010). Comparative fatty acid profiles in edible parts
of wild scallops from the Tunisian Coast. Food Chemistry, 122(3),
744-746.

Turan, H., Sonmez, G., & Kaya, Y. (2007). Fatty acid profile
and proximate composition of the thornback ray (Raja clavata,
L. 1758) from the Sinop coast in the Black Sea. Journal of Fisher-
iesSciences.com, 1, 97-103.

Ulbricht, T. L., & Southgate, D. A. T. (1991). Coronary Heart
Disease: seven dietary factors. Lancet, 338, 985-992.

US EPA, Method 3052 (1996). Microwave assisted acid diges-
tion of siliceous and organically based matrices, in: Test Methods
for Evaluating Solid Waste, 3rd Edition, 3rd Update, US Environ-
mental Protection Agency, Washington DC.

WHO (World Health Organization) (2004). Vitamin and mineral
requirements in human nutrition: report of a joint FAO/WHO
expert consultation, 2nd ed., p. 341.

58.

59.

60.

61.

62.

63.

WHO (World Health Organization) (2007). Protein and amino
acid requirements in human nutrition: Report of a joint FAO/
WHO/UNU Expert Consultation. (WHO technical report series;
no. 935), p. 265.

Wijendran, V., & Hayes, K. C. (2004). Dietary n-6 and n-3 fatty
acid balance and cardiovascular health. Annual Review of Nutri-
tion, 24, 597-615.

Yildirim, P, & Ercan, E. (2016). Determination of seasonal dif-
ferences in the composition of protein and lipids of Myfilus gal-
loprovincialis (Lamarck, 1819) in Gulluk Gulf, Turkey. Scientific
Works of UFT, 63(1), 24-29.

Yildiz, H., Berber, S., Acarli, S., & Vural, P. (2011). Seasonal varia-
tion in the condition index, meat yield and biochemical composi-
tion of the flat oyster Ostrea edulis (Linnaeus, 1758) from the Dar-
danelles, Turkey. Italian Journal of Animal Science, 10(1), 22-26.
Yildiz, H., Palaz, M., & Bulut, M. (2006). Condition indices
of Mediterranean mussels (Myfilus galloprovincialis L. 1819)
growing on suspended ropes in Dardanelles. Journal of Food
Technology, 4(3), 221-224.

Zhukova, N. V. (2014). Lipids and fatty acids of Nudibranch
Mollusks: Potential sources of bioactive compounds. Marine
Drugs, 12(8), 4578-4592.

Submitted: 6 November 2017. Revised: 4 April and 11 June 2018.

Accepted: 18 July 2018. Published on-line: 22 January 2019.






