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ABSTRACT

Bivalves are known as a healthy nutrition choice tluthe highest amounts of nutrients comprisirty facids
mainly polyunsaturated fatty acids (PUFAs). Thalgtis conducted to provide information about thé&itianal
qualities of four bivalves speciedMytilus galloprovincialis, Cerastoderma edulis, Venus verrucosa and
Lithophaga lithophaga) of great commercial value collected from Bizeldgoon during spring season. The
edibility percent, condition index, protein, lipichoisture, glycogen, fatty acids and nutritionalues indices
have been also determined. According to our reshilgh edibility percent and condition index weleserved in
all investigated bivalves. The results showed #ihtbivalves could be considered dietary food doeheir
important contents of proteins, lipid, essentidlyposaturated fatty acids (PUFA), and nutritionahlity. The
significant contents of the biochemical and fattyfdacompositions observed in the present study make
lithophaga and M. galloprovincialis more appropriate for consumers’ health. This watik be useful for
consumers and an impressive marketing tool folfsdtghg farmers.

Keywords:Bivalves, proximate composition, fatty acids, itidnal value.

RESUME

Examen de la valeur nutritionnelle de quatre espesede bivalves de la lagune de BizerteLes bivalves
constituent un choix nutritionnel sain en raisonlele teneur élevée en nutriments comprenant ddssgras,
principalement les acides gras polyinsaturés (AGB¢}te étude visait a fournir des informationslesrqualités
nutritionnelles de quatre espéeces de bivalibgi(us galloprovincialis, Cerastoderma edulis, Venus verrucosa

et Lithophaga lithophaga) de grande valeur commerciale, récoltées de lankagle Bizerte au printemps. Les
indices de pourcentage de comestibilité, I'indiee cbndition, les tenerus en protéines, lipides, itliié
glycogéne, acides gras et les indices de la qualitétionnel ont également été déterminés. Setmnrasultats,
les pourcentages de comestibilité et d'indice deliton élevés ont été observés chez tous lesvasattudiés.
Nos résultats ont montré que tous les bivalves gieat étre considérés comme des aliments diététigne
raison de leur teneur élevée en protéines, enelpicn acides gras polyinsaturés (AGPI) et en tguali
nutritionnelle. Les teneurs importantes de la cositgm biochimique et des acides gras observées tan
présente étude rendelnt lithophaga et M. galloprovincialis plus appropriés pour la santé des consommateurs.
Ce travail sera utile pour les consommateurs ebutil de marketing impressionnant pour les élevelgs
coquillages.

Mots clés:Bivalves, composition biochimique, acides grasewanutritionnelle.
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INTRODUCTION anti-thrombotic and anti-inflammatory properties
(Pao-Yeret al., 2012).

Lagoons are closest coastal areas extremelyfhe purpose of the present investigation was to

productive and considered as the main ecologic andlescribe and evaluate the edibility percent, coolit

socio-economic systems that produce importantindex, biochemical composition (proximate and fatty

resources for consumers. acids) and the nutritional value of four important

Among these systems, Bizerte lagoon is a transition bivalves (Mytilus galloprovincialis, Cerastoderma

area characterized by extreme daily variations ofedule, Venus verrucosa and Lithophaga lithophaga)

environmental parameters set. Since th& @ntury,  collected from Bizerte lagoon.

Bizerte lagoon is considered as the most produced

ecosystems in term of shellfishing of various breal MATERIALS AND METHODS

species such as oyste®grea edulis, Crassostrea

gigas) and musse&lMytilus galloprovincialis). Sampling bivalves and tissues preparation

During the last years, the production of bivalves h Bivalves’ species Nytilus galloprovincialis,

been increased considerably in relation to consumeferastoderma  edulis, Venus verrucosa and

demand (Prato et al.,, 2019). In the MediterranearLithophaga lithophaga) were collected from Bizerte

countries, mainly Tunisia, bivalves are considemsd lagoon by scuba divers during February 2017.

a rich food source and a healthy proportionate dietBivalves were immediately transferred to the

(Dridi et al., 2007; Ghribi et al., 2018; Cherifi &l., laboratory in cool tanks. In the laboratory, shell

2018). Since, they are generally known by theirlength (L), width (W) and total weight (TW) were

nutritive rate which is described by an essentialmeasured (Table 1), then, soft tissues were removed

guantity of protein, vitamins, and polyunsaturated Some portions were homogenized with Tris-HCL

fatty acids (PUFA) principally docosahexaenoic acid buffer (ph 7.4), centrifuged during 20min at 7000xg

(DHA) and eicosapentaenoic acid (EPA). Generally,and storage at -80°C until biochemical analysifieDt

the habitual consumption of bivalves is suitably portions were conserved at -80°C for fatty acid

related to the prevention of many diseases such agnalysis. The storage period was not longer than 10

cardiovascular, inflammatory and cancers (Shaikh edays.

al., 2014). Additionally, current reports have

established that the nutritional value of many

bivalves’ species is linked to their anti-arrhytlemi

Table I: Biometric index of four commercial bivalves’ specien a wet weight basis collected
from Bizerte lagoon.

SL (mm) SW(mm) TW @
M. galloprovincialis 62.7£5.1 35.1+3.8 11.6+0.8
C. edulis 21.6x1.8 26.5+1.0 53 +0.1
V. verrucosa 43.5+1.2 494+39 74 x0.7
L. lithophaga 80.2+ 2.4 25.6£0.9 12.0+2.3
Biometrical analysis of concentrated k60, and heated in boiling water for

Edibility percent (EP) and condition index (Cl) wer 10 min. After cooling, 10 ml of phosphor-vanillin
determined according to Mohite et al (2008) andreagent was added. The mixture was incubated®at 37
Okumus and Stirling (1998) respectively as follows: C for 15 min; the samples were then read at 540 nm.

EP= (wet weight/total weight) x 100 A good U.S. grade of olive oil (Sigma, St. Louis,
Cl= (wet weight/ shell weight) x 100 USA) was used as a standard. The total lipids cbnte
Biochemical composition analysis was calculated by reference to a standard curve.

Moisture (%) was evaluated according to AOAC Results of proteins, glycogens and total lipids ever
(2005) by weight change after drying the tissues atexpressed as mg/g of weight wet.

105£3°C for 24 h. Glycogen content was determinedFatty acid analysis

basing on Dubois et al. (1956) method. ProteinLipids were extracted according to the method of
content was assessed as reported by Lowry et aFolch et al. (1957) using the mixture solution of
(1951) using bovine serum albumin (BSA) as chloroform-methanol (2:1, v/v) containing butylated
standard. Total lipids contents were determinedhydroxyl toluene (0.01%) as an antioxidant.
according to the method of Frings et al (1972).According to Cecchi et al. (1985), fatty acids (FA)
Briefly, 20ul of each sample was treated with 200 m were trans-methylated from the extract lipids and
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nonadecanoic acid (C19:0 Belefonte PA, USA, respectively. The oven temperature was automaticall

CRM47885) was added as an internal standard. Therogrammed to increase from 50 to 180°C at a
obtaining fatty acid methyl esters (FAMEs) were quickness of 4 °C/min, from 180°C to 220°C at

analyzed through gas chromatography (HP, 6890 GC1.33°C/min and then stabilized at 220°C for 7 min.

using nitrogen as a carrier gas. The GC was eqdippeFAMEs were integrated (HP chemstation software)
with an injector with a flame ionization detectand  and identified based on the commercial standards
a 30m HP Innowax capillary column characterized methyl esters (SUPELCO polyunsaturated fatty acids
with an internal diameter of 250mm and a film (PUFA-3)). FA content was expressed as mg/g of the
thickness of 0.25mm. The injector and detectortotal amount of FA.

temperatures were maintained at 250°C and 275°CNutritional quality indices (Table 1))

Table II: The nutritional values of the studied bivalves avevaluated using several indices as follows:

Index References
1 n-3/n-6 PUFA Marqueset al., 2010
2 EPA+DHA Marqueset al., 2010
3  AI=((12:0+ (4x14:0) +16:0)) MMUFAs+PUFAN6+PUFAN3) Ulbricht and Southgate (1991)
4 TI=(C16:0+C18:0) / (0.50*MUFA) + (0.5*PUFA n-6) + (PUFA n-3) + (PUFA n-3 Ulbricht and Southgate (1991)

IPUFA n-6)

Statistical analysis from 37.9 to 75%. The maximum percent was
Data were presented as means * standard deviatiomecorded inL. lithophaga tissues while the lowest
(SD) of 15 replications for moisture, proteins, one was observed i@. edule. However, Cl did not
glycogens, and lipids, while 6 samples were used fovaried significantly between the studied species
FA content. The homogeneity and normality of our (p>0.05).

results were analyzed through the software Table Ill: Edibility percent (EP) and condition index
STATISTICA 8 (Stat-Soft Inc.) using the Shapiro- (CI) of four commercial bivalves’ species collected

test. The significant differences between variables from Bizerte lagoon.
were detected at 5% and tested with one way Ep® cl @
(ANOVA) followed by a post-hoc Tukey's test and M. galloprovincialis 68.7+#3.7  67.5#5.3
with Kruskall-Wallis's test. Principal components C. edulis 37.9+4.1 81.4+4.1
analysis (PCA) was also determined to display the v/ verrucosa 54.0+1.5 77.3+6.1
most richness species in term of biochemical, F an | _ |ithophaga 75.3+2.2  79.6+8.3
nutritional value. F 23.69 31.89
P ** ND
RESULTS Values are presented as means + standard deviations
Significant difference was detected at 5%: **<0.01.
Biometrical measurement of the studied bivalves Edibility percent of (PE) and condition index (CI),
The results of the biometric indices oM. No difference (ND).
galloprovincialis, V. verrucosa, C. edule and L.  proximate composition of the studied bivalves

lithophaga are presented in Table II.LEP varied  proximate compositions of the studied bivalves were
significantly among studied specigs<0.01), ranging  presented in Table IV.

Table IV: Proximate composition of the four commercial biwavspecies collected from Bizerte lagoon.
Moisture ®  Glycogen’  Protein® Lipid *

M. galloprovincialis  79..3+ 6.0 6.6+ 0.5 56£0.1 226+1.1
C. edulis 75.7£2.8 2.6£0.8 3.7+ 0.6 12.6+0.9
V. verrucosa 80.5+ 3.3 49+ 04 6.1+ 0.0 20.4£ 3.5
L. lithophaga 81.4+1.8 11.2+1.4 7507 25.1+2.9
F 2356 1.059 6.98 17.66
P *% *kk *% *k%

Values are presented as means + standard deviations
Significant difference was detected at 5%: **<0a0id ***<0.001.a : percentfl :mg/g of ww.

The most abundant compound in the edible flesh wagnaximum percent founded In lithophaga (81%), V.

the moisture. Our results showed a significantverrucosa (80%) and M. galloprovincialis (79%).
difference between the studied bivalves, with aHowever, C. edule specimens were characterized
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with a lower percent of moisture (75%). The (25.1 and 22.6 mg/g respectively) followed by
glycogen content was found to be higher lin  verrucosa (20.4 g/mg). While, specimens ©f edule
lithophaga (11.2 mg/g) and lower ifC. edule (2.6 showed a lowest content of lipids than the other
mg/g) (<0.001). In this present study bivalves studied species (12.6 g/mg).

showed significant differences in protein conténét Fatty acid composition of the studied bivalves
ranged from 3.7 to 7.5 mg/g between the studiedFatty acid profiles of the four studied bivalvesrave
species. The highest content was recordedL.in reported in Table V. FA of the examined speciesewer
lithophaga (7.5 mg/g) followed by. verrucosa (6.1 dominated by polyunsaturated fatty acid (PUFA)
mg/g) andM. galloprovincialis (5.6 mg/g). Although, followed by saturated fatty acid (SFA) and
C. edule was characterized by the lowest content (3.7monounsaturated fatty acid (MUFAL. edule, was
mg/g). The lipid content varied significantly be®n  an exception, with approximately comparable
all the examined species (p<0.00L)lithophagaand  amounts of PUFA and SFA.

M. galloprovincialis exhibited the highest contents

Table V: Fatty acid composition (mg/g) of four commerciatdlves’ species collected from Bizerte

lagoon

M.galloprovincialis C. edulis V. verrucosa L. lithophaga P
C14:.0 1.37+0.34 1.06+0.15 1.09+ 0.02 1.11 +0.03 ND
C15:0 1.44 +0.05 1.19 £0.02 154 +041 1.92+0.17 ND
C16:0 8.95+1.17 9.33+1.14 9.45+0.15 9.31+0.85 ND
C18:0 10.10 £ 0.95 1599+043 8.91+0.04 9.24+0.15 *
SFA 20.87 + 4.68 28.5%2.10 22.280.79 21.60+0.98 *
C15:1 1.00 £ 0.95 1.12 +0.05 1.36+044 1.30%0.55 ND
Ci16:1 7.30+0.90 6.93+0.40 6.77+459 7.21+042 ND
C18:1 9.49+0.75 8.27+0.61 8.83+1.58 9.03+2.56 ND
MUFA 17.79£5.72 16.66+ 0.57 16.96:3.66 17.54+3.78 ND
C16:2 1.38+0.18 1.62+0.08 2.70+£0.92 3.38%0.85 *
C16:3 1.41 +£0.06 1.18 £0.02 1.61+0.38 2.01+048 ND
C16:4 0.72 £ 0.08 0.32+0.02 125+0.32 1.56%0.27 ok
C18:2n-6 5.30+0.98 2.38+0.44 3.05+0.33 4.82+0.78 *
C18:3n-6 1.69 +£0.46 0.76 £+0.04 2.81+0.65 1.76+0.57 *
C18:3n-3  4.88+0.58 219+0@ 146+0.4 2.57+0.07 il
C18:4n-3 1.52 +0.67 0.68+0.02 1.06+0.11 1.33+0.21 ND
C20:2n-6 2.36 +0.05 2.16+0.02 3.40 +051 3.25+0.63 *
C20:3n-6 0.62+0.13 0.27+0.05 3.42+0.36 1.52+0.82 ook
C20:4n-6 1.31+0.42 0.59+0.12 0.43+0.09 0.54+0.09 *
C20:3n-3 0.95+0.01 043+0.04 044+0.06 1.05%+0.23 *
C20:5n-3 5.79+0.60 260+0.72 433+0.26 7.91x0.64 ok
C22:2i/2) 4.80+0.95 531+041 3.25+0.13 4.06+0.16 *
C22:5n-6 3.85+0.45 1.73+0.18 252+051 3.16+0.70 *
C22:5n-3 1.51+0.84 0.68+0.03 3.24+0.21 1.55+0.46 ok
C22:6n-3 8.26 +0.37 416+0.17 6.85+0.00 11.06+0.38 ok
PUFA 46.37 +4.32 27.6£1.94 43.85+2.78 54.53+73.8 ik
PUFAN-3 2291+284 10.74+1.28 18.40+3.19 253309 ek
PUFANn-6 15.15+1.35 7.89 +0.60 15.04+ 3.27 15.50+ 4.07 il

Values are presented as means + standard devigfigmificant difference was detected at 5%: *&0<0.01 and ***<0.001. SFA
saturated fatty acid, MUFA: monounsaturated fatiyg §MUFA), PUFA: polyunsaturated fatty acid (PUEAD: no difference

The PUFA ranged from 27.90 mg/g to 48.85 mg/g inan important amount of docosahexaenoic (DHA)
the edible tissues o€. edule and L. lithophaga (12.06 and 8.26 mg/g, respectively) and
respectively. The mainly PUFA groups were n-3 ecosapentaenoic (EPA) (7.91 and 5.79 mg/g,

PUFA and n-6 PUFA which showing significant respectively). Also, n-6 PUFA contents were lower
differences between the examined bivalvesthan n-3 PUFA, showing a statistical difference
(p<0.001). The n-3 PUFA group was dominated in between the studied speci@s0.001), ranged from

the edible tissues df. lithophaga (25.46 g/mg) and 7.89 mg/g in the edible tissues ©f edule to 15.50
M. galloprovincialis (22.91 g/mg), characterized by mg/g inL. lithophaga. This group was dominated by
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fatty acid (PUFA), ND: no

linoleic (C18:2n-6), linolenic (C18:3n-6), ecosamoi polyunsaturated
(C20:2n-6), ecosatrienoic (C20:3n-6) and arachidoni difference.
(C20:4n-6) acids that exhibited significant diffeces  Nutritional value of the studied bivalves

among studied specigs<©.05). The nutritional values of the examined bivalves are
Likewise, significant variation was recorded for/ SF presented in Table VI. Our results showed that
and stearic (C18:0) acids, showing a maximumlithophaga exhibited significant amount of n-3/n-6
content in the dibble tissues 6f edule (28.59 and PUFA (1.64) and EPA+DHA (18.97) than the other
15.99 mg/g respectively) thaM. galloprovincialis studied bivalves. However, the lowest quality was
(20.87 and 10.10 mg/g respectively, verrucosa recorded in the edible tissues ©f edule (p<0.05).
(22.28 and 8.91 mg/g respectively) dndithophaga Conversely, Al and Tl were higher in the edible
(21.60 and 9.24 mg/g respectivelpx.05). tissues ofC. edule followed by V. verrucosa, M.
However, MUFA content varied similarly in the galloprovincialis and L. lithophaga, showing
edible tissues of the studied species with nosignificant differences between thepx(.01).

significant difference>0.05).

Values are presented as means + standard deviations
Significant difference was detected at 5%: *<0.05,
**<0.01 and ***<0.001. SFA: saturated fatty acid,

MUFA: monounsaturated fatty acid (MUFA), PUFA:
Table VI: Nutritional quality indexes of four commercial bivas’ species collected from Bizerte lagoon

n-3/n-6 EPA+DHA Al TI
M. galloprovincialis  1.51+ 0.05 14.05+1.23 0.21+0.03 0.21+0.07
C. edulis 1.36+£ 0.77 6.76 £0.12 0.38+0.11 0.48+0.03
V. verrucosa 1.10+0.04 11.18+ 2.6 0.27+0.03 0.25+0.01
L. lithophaga 1.64+0.31 18.97+1.78 0.23+0.04 0.19+0.03
F 9.41 16.92 5.802 20.751
P * *k% *% *k%k

Values are presented as means + standard deviafigmficant difference was detected at 5%: *80:0<0.01 and ***<0.001.

Principal component analysis (PCA) quality followed by V. verrucosa. These bivalves

In this study, the PCA accounted more than 89.26%were correlated with the highest values of moisture
of the total variation (Fig. 1). The first two facs proteins, lipids, PUFA, DHA, EPA, n-3 PUFA, n-3/n-
(PC1 and PC2) explained 73.88% and 15.38% of th&& and EPA+DHA. However, C. edule was
variation respectively. Results confirmed a clearcharacterized with the lowest nutritional value,

separation between the examined bivalves. In Mct, correlating with the highest contents of SFA, Alan
galloprovincialis andL. lithophaga have an important  TI.
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Figure 1: Principal component analysis including the examibiedlves M. galloprovincialis, V. verrucosa, C.
edule and L. lithophaga) and the tested parameters.

75



Bull. Inst. Natn. Scien. Tech. Mer de Salammb6, Mél. 2019

DISCUSSION Black Sea and Mediterranean Sea (Fuentes et al.
2009; Dernekbasi et al. 2015).
In Tunisia, the production of shellfish has been The amount of protein and glycogen is extremely
significantly increased. Due to the lake of infotima ~ important when considering the quality and the
about the nutritional value of the most edible texture of seafood (Lgje et al.,, 2007). Among the
bivalves, it is important to provide useful and studied bivalvesl. lithophaga has the most richness
applicable information about their benefit progdst  flesh in term of protein and glycogen followed ldy
for the consumers. Our study delivered for thetfir galloprovincialis and V. verrucosa. Protein and
time new information about the marketability values glycogen contents in the studied bivalves were
of four bivalves species collected from Bizerte similar to that found inM. galloprovincialis from
lagoon. Adriatic Sea and Spanish coast and (Bongiorno.et al
Several studies have demonstrated that the EP land C2015; Azpeitia et al., 2016). Other researchersehav
are the main tools for the commercialization of reported similar results for bivalves from Italieoast
bivalves, depending generally to the endogenous andnd Mediterranean Sea (Ghribi et al., 2018; Prato e
exogenous conditions (Gabbott, 1975; Lagade et al.al., 2019).
2015). In this regards, all studied species in theFatty acids are important component that used by th
present work were collected during the ripe gonadsorganisms for various metabolic and structural
According to our results, the EP varied greatly function. It is well reported that the high amounft
between the tested bivalves revealing the besitgual PUFA was feature of a healthy bivalves flesh (Bap
of bivalves flesh. Withal, ClI showed a similar et al., 2014). In our study, the fatty acid profieL.
variation among the examined bivalves. Analogueslithophaga, M. galloprovincialis and V. verrucosa
results were reported on bivalves’ species fromshowed dominance of PUFA over SFA and MUFA as
Bizerte lagoon (Ghribi et al., 2018), Mediterranean compared teC.edule which characterized with similar
Sea (Prato et al., 2019), and Atlantic Sea (Anddal PUFA and SFA contents. Our data are in harmonies
al., 2011). with previous reports carried dd. galloprovincialis
Previous investigations have reported that the(lrisarri et al., 2014; Cherifi et al., 2018) andcA
biochemical components such as lipids, proteins andioea (Ghribi et al., 2018). Prato et al (2019) have
carbohydrates changed among bivalves and related tteported similar amount of PUFA and SFA in the
the environmental factors and the gametogenicedible flesh ofMimachlamys varia from southern
process (Orban et al., 2002). Generally, the pratem Italy as the obtaine@. edule profile in our study. In
composition of flesh considered as an essentidl tooline with this, it is well reported that the high
for resolving it nutritive value and it marketable consumption of SFA could induce the development
qualifications. In the literature, little informati is  of coronary heart disease (Kris-Etherton et alQ2)p
published on the nutritional value and biochemicalfor this reason, many dietary recommendations
composition of the most studied bivalves. Moreover,advice consumer to reduce the rich food of SFA in
these reported results on the biochemical compositi order to  prevent chronic diseases (Simopoulos,
for the same bivalves are often information about2008).
other region and ecosystems. Among PUFA, n-3 PUFA was the dominant family in
The flesh of the examined species was characterizedll bivalves, characterized with an important arntoun
by high amount of moisture followed by lipid of DHA and EPA, confirming the good dietary source
glycogen and protein contents. This considerableof bivalves flesh. Since n-3PUFA have valuable
percent of moisture could revealed the flesh valueproprieties beside several diseases (obesity, @igbe
since, it is widely reported to reflect the freskm@f  cardiovascular and cancers diseases) (Akoh et al.,
several bivalves species such as Verinids, Oyster2017).
Mytilids, ...etc (Ojea et al., 2004; Dridi et al. 200 Regarding MUFA, it has been considered as good
Ovissipour et al. 2013). fats, especially when replacing saturated fatshin t
Lipids are reported as energy storage and play amliet. Quantitatively, MUFA varied similarly in the
important role in the metabolic pathways and edible flesh of all studied bivalves. These results
functions of bivalves’ species (Sztalryd and Kimmel corroborate the data described in previous research
2014). The most important content was observed inAzpeitia et al., 2016; Ghribi et al., 2018, Prataal.,
the edible flesh ok.. lithophaga, M. galloprovincialis 2019). Recently, Mashek (2015) have demonstrated
andV. verrucosa while C. edule was characterized by that the consumption of MUFA reduce the possibility
the lowest content. Our results were in agreementf cardiovascular diseases.
with the studies of Orban et al (2006) and Beriklet The most important content of FA was observed for
(2017) carried out onChamelea gallina and C16:0, C18:0, C16:1, C18:1, C18:2n-6, C20:2n-6,
Flexopecten glaber respectively. Nevertheless, our C20:5n-3 (EPA) and C22:6n-3 (DHA), which
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