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SUMMARY: This study aimed to provide information about the changes in fatty acid composition and quality in
Ruditapes decussatus tissue after four culinary treatments (steamed, baked, grilled and fried). All treated samples
showed a significant decrease in moisture and protein. In contrast, a significant increase in fat content resulted
from the grilled and fried treatments. Saturated fatty acid was significantly higher in fresh clams than all cooking
processes, except in fried ones. Monounsaturated fatty acid and polyunsaturated fatty acid varied significantly
between fresh and cooked clams with high values recorded for fried clams. The n-3/n-6 ratio, peroxide index,
EPA+DHA and atherogenicity index decreased significantly after the cooking processes particularly in fried clams.
The mineral levels (Mg, Ca and Mn) of cooked clams decreased considerably with grilled and fried treatments.
The impacts of cooking on the fatty acid composition and protein content in clam tissue was evaluated by lipid
peroxidation (TBARS, PV, FFA, TOR) and protein oxidation (AOPP and PCO), which varied statistically in fried,
steamed, grilled and baked samples; indicating alterations in cooked clam tissues structure. Based on our results,
steaming is recommended for the preparation of clams because it preserves the most nutritional tissue quality.

KEYWORDS: Cooking processes; Fatty acid composition; Lipid and protein oxidation, Mineral contents;, Nutritional
quality indices; Ruditapes decussatus

RESUMEN: Cambios en la composicion de los dacidos grasos y evaluacion de la oxidacion de lipidos y proteinas en
almejas comerciales (Ruditapes decussatus) cocinadas. El presente estudio tuvo como objetivo proporcionar infor-
macion innovadora sobre los cambios en la composicion y calidad de los acidos grasos presentes en el tejido de
Ruditapes decussatus tras cuatro tratamientos culinarios distintos (vapor, horno, parrilla y fritura). Todas las mues-
tras tratadas mostraron una disminucion significativa en el contenido de humedad y proteinas. Por el contrario,
los tratamientos a la parrilla y frito resultaron en un aumento significativo de la cantidad de grasa. El contenido
en acidos grasos saturados fue significativamente mayor en las almejas frescas comparado con todas las almejas
cocinadas, a excepcion de las fritas. Los acidos grasos mono- y poliinsaturados variaron significativamente entre
las almejas frescas y cocinadas, mostrando el valor mas alto en las almejas fritas. La relacion n-3/n-6, el indice de
peroxidos, el contenido de EPA + DHA y el indice de aterogenicidad disminuyeron significativamente después de
todos los procesos de coccion, especialmente en las almejas fritas. Los niveles de minerales (Mg, Ca 'y Mn) de las
almejas cocinadas disminuyeron considerablemente tras los tratamientos a la parrilla y frito. El impacto del coci-
nado sobre la calidad de los acidos grasos y las proteinas se evalué mediante la medida de la peroxidacion de lipi-
dos (TBARS, PV, FFA, TOR) y la oxidacion de proteinas (AOPP y PCO), valores que variaron significativamente
en las muestras fritas, al vapor, a la parrilla y al horno, indicando una alteracion de la estructura de los tejidos de
la almeja cocinada. De acuerdo a los resultados obtenidos, se recomienda la coccion al vapor para la preparacion
de las almejas, ya que es el tratamiento que mejor preserva calidad nutricional de los tejidos.

PALABRAS CLAVE: Composicion de acidos grasos,; Contenido en minerales; Indices de calidad nutricional: Oxidacion
de lipidos y proteinas; Procesos de coccion; Ruditapes decussatus
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1. INTRODUCTION

Seafood is considered as a very healthy food
because it is a great source of protein, minerals,
carbohydrates and fatty acids that are essential for
human health (Ojea er al., 2004). Nowadays, the
importance of diet supplementation with poly-
unsaturated (PUFA) omega-3 fatty acids such as
eicosapentaenoic (EPA; 20:5n-3) and docosahexae-
noic (DHA; 22:6n-3) by consuming seafood like
fish, mollusks, and crustaceans is widely recognized
(Neff et al., 2014; Costa et al., 2015a). Hence, foods
with an appropriate content of these fatty acids con-
tribute to the prevention and treatment of several
diseases such as cardiovascular disease or depres-
sion (Pao-Yen er al, 2012; Ab Latif et al, 2015)
and the maintenance of good health (El Reffaei et
al., 2014). Within seafood, bivalves provide a great
proportion of omega-3-fatty acids, protein content,
vitamin B12, essential elements and a low amount
of saturated fatty acids (Ghribi et al., 2017). Among
bivalves, clams are widely used for human con-
sumption in Mediterranean countries, especially the
grooved carpet shell clam.

In Tunisia, Ruditapes decussatus are the only
exploited bivalve species from a natural environ-
ment. The major part of its production is exported
to the European Union (Amri et al., 2011). This spe-
cies is native to Tunisian coasts and widely appreci-
ated by consumers for its taste and low fat content
(Ojea et al., 2004). However, data on the relation
between food consumption and fitness are based
only on raw food, without taking into account food
processing.

Preparation procedures for culinary treatments
cause many modifications to nutrient structures
(Graci-Arisa et al., 2003). Temperature can cause
several alterations, such as impoverishment of fatty
acid quality and changes in the protein fractions due
to the oxidation phenomena (Ansorena et al., 2010).
Therefore, a reduction in the nutritional value of food
has been observed. It is evident that long-chain poly-
unsaturated fatty acids (LC-PUFAs) are more vul-
nerable to deterioration during heating as compared
to saturated fatty acids. The effects of frying, bak-
ing, grilling and boiling treatments on the nutritional
quality of many fish species have been widely studied
(Candela et al., 1997; Graci-Arisa et al., 2003).

Nevertheless, there are few data about the effects
of culinary processes on the proximate composi-
tion and fatty acid profile of bivalve mollusks. The
investigation of the nutritional quality of cooked
shellfish is even more important than that of raw
shellfish, especially if we consider that this type of
seafood is a frequently diffused ingredient (in soup,
pizza, pasta, etc.). Furthermore, in recent decades
the culinary art of cooking shellfish has evolved
with the introduction of new methods that are used
both in ordinary or gourmet cuisine worldwide.

Therefore, the aim of this study was (i) to deter-
mine the effect of four cooking methods (baking,
steaming, grilling and frying) on the biochemical
composition and fatty acid profile of the shellfish
R. decussatus from Tunisian coasts and (ii) to evalu-
ate the lipid and protein degradation of clam tissue
after cooking through a battery of biomarkers: per-
oxide value (PV), free fatty acid (FFA), thiobabitu-
ric acid (MDA), advanced oxidation protein product
(AOPP) and protein carbonyls (PCO).

2. MATERIALS AND METHODS
2.1. Sample preparation and cooking process

A total of 150 natural commercial Mediterranean
clams, R. decussatus (Length: 44.78 £ 3.56 mm;
Weight: 13.25 + 1.89 g) were obtained in March
2016 from Louza site (N35°0°44.10” E11°0°47.48"),
located in the Tunisian littoral. They were kept in
a cooler containing local seawater with an aeration
system and directly transported to the laboratory
within 5 hours from collection. The specimens were
cleaned by washing with distillated water several
times to eliminate adhering sediments and waste.
The clams were then dissected using scalpels in
order to remove the soft tissue from the shells. The
samples were divided into five groups of 30 clams.
Within each group, the clams were further divided
into 3 sets of 10 and each set was cooked individu-
ally. All the clams in the first group were uncooked
(control), while the four others were cooked by vari-
ous methods (frying, steaming, grilling and baking).
For the frying treatment, about 250 ml of corn oil
(the most commonly used oil in Tunisia) and a deep
fryer (MOULINEX AF123111 UNO M, France)
were used on an electrical heating unit for 5-6 min
(pre-heating to 190 °C). For steaming, the samples
were positioned in a steamer (Buy Tefal VC101616
Steamer) and steamed for 3-5 min. Grilled clams
were prepared on a griddle (S.E.C.-XH-4423, PRC)
with the thermostat set at 98 °C. After the set tem-
perature was attained, the clams were grilled for
10-15 min. The last group was baked in the oven
(250 °C, 17 min). The cooking steps have been tried
and standardized in pre-experiments ences, due to
a lack of information about cooking processes of
bivalve tissues.

2.2. Proximate composition

The proximate compositions of cooked and
uncooked R. decussatus were determined in ten rep-
licates for moisture, protein, meat yield and fat. The
moisture content was determined gravimetrically
according to Horwitz and Latimer (2005). Tissues
were initially weighed then dried at 110 °C to con-
stant weight and meat yield (MY) was determined
according to Parisi et al, (2005). Water content
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was expressed as percentage of initial tissue mass.
Protein was extracted by Tris-HCI buffer (pH 7.4)
and centrifuged at 10.000 for 25 minutes. Then the
obtained supernatant was used to determine pro-
tein contents using bovine serum albumin as stan-
dard according to Lowry et al., (1951). Total lipids
were extracted following the method of Folch et al.,
(1957) using chloroform/methanol (2:1 v/v) solvent
containing 0.01% butylatedhydroxyl toluene (BHT)
as antioxidant. The organic solvent was evaporated
under a stream of nitrogen and the lipid content
was determined gravimetrically. Then, the extracted
lipids were suspended in chloroform/methanol
(2:1 v/v) and stored at -30 °C prior to analysis by
gas chromatography.

2.3. Fatty acid analysis

According to Cecci et al., (2017) after evaporation
to dryness, the lipid extracts of six clams were trans-
esterified. Briefly, 20 ul of lipid extract were evap-
orated with azote, then dissolved in hexane (2 ml),
sulfuric acid (500 pl), sodium methoxide (500 ul)
and sodium chloride (2 ml). An internal standard,
namely methyl nonadecanoate C19:0 (Belefonte
PA, USA, CRM47885) was added to the samples to
facilitate the qualitative identification of the result-
ing fatty acids (Beccaria et al., 2015b). The previous
mixture was centrifuged at 3500xg for 10 min and
the obtained supernatants were evaporated and con-
centrated with pure hexane until injection. FAMEs
were separated using an HP 6890 gas chromato-
graph with a split/splitless injector equipped with a
flame ionization detector at 275 °C, and a 30 m HP
Innowax capillary column with an internal diameter
of 250 um and a 0.25 pum film thickness. The Injector
temperature was set at 250 °C. The oven was pro-
grammed to rise from 50 to 180 °C at a rate of 4 °C/
min, from 180 to 220 °C at 1.33 °C/min and to stabi-
lize at 220 °C for 7 min. The carrier gas was nitrogen
at a flow rate of 493 m/s and an inlet pressure of
2.5 ml/min at 25 °C and 1 atm. The identification of
FAMEs was based on the comparison of their reten-
tion times with those of a mixture of methyl esters
(SUPELCO PUFA-3) to well-characterized fish oil
(Menhaden oil by SUPELCO). Fatty acid peaks
were integrated and analyzed using HP chemstation
software. Fatty acids are expressed as mg/g ww.

2.4. Nutritional quality index (NQI)

From the composition of fatty acids and their
reported biological activities, some parameters were
assessed to define the Nutritional Quality Index
(NQI). From the result of the fatty acid composi-
tion, the following were calculated:

Atherogenicity index (AI): was based on the
relationship between the pro-atherogenic (saturated
fatty acids) and the anti-atherogenic (unsaturated

fatty acids) according to Ulbricht and Southgate,
(1991). This index demonstrates the adhesion and
the good circulation of the blood system such as the
modification of esterified fatty acid levels (like cho-
lesterol, phospholipids...). The following equation
was applied:

A= ((12:0+ (4x14:0) +16:0)) /
(EMUFAs+PUFAn6+PUFAn3)

Thrombogenicity index (TI): is established as
the relationship between the pro-thrombogenetic
(saturated) and the anti-thrombogenetic fatty acids
(Fernandez et al., 2007):

IT= (C14:0+C16:0+C18:0) / (0.50*MUFA)
+ (0.5*PUFA n-6) + (3* PUFA n-3) +
(PUFA n-3 /PUFA n-6)

From the fatty acid results, PUFA/SFA-stearic
acid, EPA+DHA; PUFA/SFA, MUFA/SFA and
n-3/n-6 PUFA ratios (Marques et al, 2010) were
also determined.

2.5. Minerals contents

Ca, Mg and Mn contents were determined
according to Carvalho et al., (2000). The soft tissue
fractions for mineral analysis were rinsed with bi-
distilled water, dried for 48 h at 60 °C and ground
with an agate mortar. Powders (0.5g) were miner-
alized in Teflon bombs with nitric acid (69%) and
hydrogen peroxide (37%) using a programmable
microwave Touch Control Terminal 320 system
(Milestone, type Ethos). The mineralized solution
was gauged with water at 50 ml until analysis by
inductively coupled with plasma mass spectrometry
(ICP-MS) equipped with a graphite furnace using
dynamic reaction cell (DRC) equipment. To check
the analytical accuracy, standards and reference
materials (NIST 1566b; NIST 2976) were processed.
Concentrations of Ca, Mg and Mn are expressed as
g. kg™ of dry weight.

2.6. Biochemical measurements

Samples of 10 clams were homogenized by 10% in
a Tris-HCI buffer (20mM, pH 7.4) containing EDTA
(1mM) then centrifuged at 10.000g for 25 min at 4 °C.
Supernatant aliquots were stored at -80 °C for further
lipid and protein oxidation analyses.

2.6.1. Lipid peroxidation

The thermal oxidation was carried out accord-
ing to El Reffaei ef al, (2014) and fixed as a ratio
between C22:6n-3 and C16:0.

The thiobarbituric acid (TBA) measurement of
lipid peroxidation was determined by employing the
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2-thiobarbituric acid (TBA) assay of AOCS (1989).
Each group was mixed with 0.5 ml of 30% trichlo-
roacetic acid (TCA) and then homogenized and
centrifuged at 3500 xg at 4 °C for 15 min. After
that, 1 ml of the supernatant was added to 1 ml
of TBA solution and left in a boiling water bath at
100 °C for 30 min. Then the absorbance was mea-
sured at 532 nm by spectrophotometer (Jenway 6280
Fluorimeter). A standard solution with malonal-
dehyde was used to obtain a calibration curve and
absorbance values were correlated with this curve
in order to calculate the quantity of malonaldehyde
(MDA). TBAR values were expressed as mg/kg ww.

Free fatty acid (FFA) measurement. The FFA
fraction was analyzed according to the AOCS
(1989) method. Approximately 1 ml of extraction
was homogenized with 5 ml absolute ethanol and
phenolphthalein, and the mixture was vortexed for
10 min under high heat (50-60 °C). A pink color was
obtained under titration with KOH solution (0.1N).

The acid value index was calculated as follow:
FFA= (Te-Tb) X N x M/ w

Where, Te is the sample titration, Tb is the blank
titration, N is the normality of ml of KOH solution
used, M is the molar weight of KOH, and W is the
weight of the sample.

Peroxide value (PV) measurement. PV was deter-
mined according to the method of AOCS (1989).
Samples were mixed with 5ml chloroform and gla-
cial acetic acid. The reaction was initiated by the
addition of a saturated solution of potassium iodide
to obtain a yellow coloration. Before titration with
a sodium thiosulfate solution (0.1N), 1ml of the
starch solution was added to the present mixture
(blue coloration).

Peroxide value = (S - B) X N thiosulfate X 1000/
weight of sample

S: titration of sample, B: titration of blank
2.6.2. Protein oxidation

Advanced protein product oxidation (AOPP)
measurement. AOPP was carried out f according

to the Kayali ez al, (2006) method. The reaction
was measured at 340 nm and each concentration

was calculated using the extinction coefficient of
261cm™' mM ™' and expressed asnmols/mgof protein.

Protein carbonyl (PCO) measurement. PCO
determination was performed as described by
Reznick and Packer, (1994) based on the reaction
of carbonyls with dinitrophenylhydrazine- form-
ing yellow compound (DNPH). Two volumes of
DNPH (10 mM in HCI) were added to 200 ul of
supernatant and incubated for 1h in the dark. The
mixture was centrifuged after the addition of TCA
(20%) at 14000 rpm for 5 min. After that, the pel-
let was washed with ethanol-ethyl acetate and
re-suspended in guanidine (6M), vortexed and incu-
bated in 60 °C for 15min. After centrifugation, the
supernatant was used to measure the absorbance at
370 nm. Calculations were made using the extinc-
tion coefficient 22.000 and results were reported as
nmols/mg of protein and represented as percent of
control values.

2.7. Statistical analysis

The results were given as the mean *SD of
the three replicated cooking processes. The data
was examined by the normality test (Kolmogorov
Smirnov test) using Statistical software analysis.
To define the significance of differences in proxi-
mate value, fatty acid content and nutritional qual-
ity before and after cooking, analysis of variance
(ANOVA) using one way followed by Tukey’s signifi-
cant difference test (p < 0.05). All data are expressed
as mean * standard deviation. Differences in the
compositions of the five groups were explored by
principal component analysis (PCA).

3. RESULTS AND DISCUSSION
3.1. Proximate composition

Changes in proximate composition (moisture,
protein, meat yield and fat content) of R. decussa-
tus before and after cooking are given in Table 1.
The composition of the raw clam was comparable to
the findings of other researchers (Ojea et al., 2004,
Costa et al, 2017). The moisture content of the
whole tissue of clams ranged from 61.3% to 88.9%,
which decreased after cooking. The minimum

TABLE 1. Proximate compositions of raw and cooked clams
Parameters & treatments Raw clams Steamed clams Baked clams Grilled clams Fried clams
Moisture (percent) 88.900+9.084 80.390£8.631**  74.480+6.271%* 71.840%7.088*** 61.300£6.917%**
Lipids (mglg) 41.0£7.5 42.7£5.8 87.510.40.3 *** 106.0£22 .4 *%* 219.8%71.6 ***
Proteins (mglg) 13.57£1.79 11.41£2.01 10.28%1.55 ** 10.20£0.96 ** 7.52+0.70 ***

Meat yet (percent) 37.468%1.817 35.922+5.528

20.133£2.097 ** 24.73242.990 ** 11.590+3.281%**

Results are expressed as means = SD (n=10).

Significant difference among steamed, baked, grilled and fried with respect to raw are detected 5%: **p < 0.01 and ***p < 0.001 using

ANOVA (Tukey-Kramer HSD test).
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moisture value was characteristic of fried tissue
(61.3 £ 6.91%) and maximum moisture was found
in the raw clams at (88.900 £ 9.084%). The decrease
in moisture content has been defined as the great-
est prominent change that is revealed by a signifi-
cant increase in the fat content in cooked fish and
seafood. Grilling and baking lowered the moisture
content, which was highest after steaming, indica-
tion the water preservation ability of this method.
Analogous studies on cooked mammals have dem-
onstrated that the loss in moisture content is in
opposite relation to the original temperature raise
(Choi et al., 2017).

The decrease in moisture caused a parallel reduc-
tion in the protein content in most cooking methods
applied; the highest reduction was observed after
frying at 44%. However, no change was recorded
between raw and steamed clams. Our results were
in contrast with those found for fish muscles, where
an increase in protein content was instead observed
after cooking (Ktari et al., 2015). This increase was
correlated with the decrease in moisture. On the
other hand, many authors indicated that cooking
temperature may negatively influence the quality
of cooked fish, due to cell damage, protein denatur-
ation and lipid peroxidation (Ghribi et al., 2017).

In this regard, the meat yield (MY) index is of
interest to many farms and meat companies to have
information about the potential value of treated
animals (Bugeon et al., 2010). The MY index has
been used in many studies carried out on cooked
fish. Our findings showed that baking and grilling
caused alossin MY corresponding to 46% and 33%,
respectively. A significant reduction was detected in
the MY index of fried clams (p < 0.001), while MY
did not vary significantly after steaming. Similar
results were demonstrated by Ktari ez al, (2015) in
Salaria basilisca after cooking.

Dietary fat is an essential nutrient and a source
of energy required for many functions in the body.
Changes in the fat contents were observed in all
cooking processes (p < 0.001) except for steaming.
Based on this finding, the latter process appears to
be the most beneficial to human health, since the fat
content is preserved. The increase in fat content in
fried clams is most likely related to both oil absorp-
tion during the cooking process and partial loss of
water by evaporation (Saguy and Dana, 2003).

3.2. Changes in fatty acid composition

Table 2 shows the fatty acid compositions of the
raw and cooked clams R. decussatus after differ-
ent culinary methods as well as the frying-oil com-
positions before and after the cooking processes
(Table 2). The fatty acids analyzed were assembled
as saturated (SFA), monounsaturated (MUFA) and
polyunsaturated fatty acids (PUFA). Thirty-two
fatty acids were identified and difference in fatty acid

contents among the five groups varied according to
cooking method. The fatty acid profiles of fresh
clams were characterized by high levels of polyunsat-
urated (PUFA) (46.02 mg/g) and monounsaturated
(16.84 mg/g) followed by minor amounts of satu-
rated fatty acids (12.91 mg/g). In fact, palmitic acid
(16:0) was the principal saturated fatty acid followed
by stearic (C18:0) and myristic fatty acids (C14:0),
contributing 8.44 mg/g; 4.01 mg/g and 3.79 mg/g,
respectively, to the total saturated fatty acids in
fresh clams. However, palmitoleic acid (C16:1) was
the most prominent monounsaturated fatty acid
found with a level of 6.16 mg/g. Docosahexaenoic
acid (C22:6n-3; 22.63 mg/g) was the prominent
PUFA in raw clams, followed by eicosapentaenoic
acid (C20:5n-3; 3.47 mg/g). Similar results were
described by Bejaoui et al., (2019).

The fatty acid composition of cooked R. decussa-
tus by different methods ranged from 11.15to0 117.95
mg/g for SFA; 26.56 to 64.06 mg/g for MUFA and
30.78 to 46.79 mg/g for PUFA.

The SFA content increased significantly after
frying (821%) and baking (123%), but remained
stable after the steaming and grilling processes.
Palmitic (C16:0) and oleic (C18:0) acids were the
major SFA in the raw and cooked clams, with a
significant increase during baking (820% and 92%,
respectively), grilling (90% and 79%, respectively)
and frying (277% and 200%, respectively) processes,
producing the most important induction in cooked
clams. Those results are in harmony with other find-
ings by Rombenso et al, (2015) and Costa et al,
(2017). This increase could be due to the richness
of corn oil with C16:0 and C18:0, which increased
after cooking, indicating, consequently, the impor-
tant absorption of those major SFA in R. decussatus
tissue (Table 2).

The MUFA content increased after the baking
(55%) and frying (280%) processes, but remained
stable after steaming and grilling. Such increase was
confirmed by a remarkable accumulation of oleic
acid (C18:1) after the same processes. Therefore,
this can be explained by the higher oil penetration
during frying, which has a high amount of C18:1
(Table 2). This phenomenon of fatty acid exchange
reproduces a gradient equilibrium between the fried
tissue and the corn oil used for cooking. A similar
increase was reported by Al-Saghir et al, (2004)
after fried salmon as compared to the raw one.

The amounts of PUFA in all the cooked clams
were statistically different as compared to the raw
ones (p < 0.05). The lower PUFA value was detected
with the steamed (29%), baked (33%) and grilled
(19%) processes. Therefore, fried clams had the high-
est amount of linoleic acid (C18: 2n-6) (p < 0.001).
Nonetheless, no change was observed during the
steamed, grilled or baked processes as compared
to the raw one. In agreement with our results a
significant increase in C18:2n-6 after culinary oil
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TABLE 2. Fatty acid contents of cooked and uncooked clams expressed as mg per g of w weights.

Corn oil Corn oil

Fatty acids Raw clams Steamed clams Baked clams Grilled clams Fried clams before Frying after Frying
C14:0 3.79£0.48 9.31£2.59* 1.21 £ 0.18** 2.20 £ 0.16%* 12.41 £ 5.78%* 0.485 0.231
Cl4:1 0.15+0.01 0.12+0.04 0.19 £0.05 0.22 £0.08 0.60 £ 0.43 - -
C15:0 0.43£0.05 0.34+0.05 0.74 £ 0.22* 0.52+0.11* 1.30 £ 0.59* 0.304 0.187
C15:1 0.45%0.04 0.42%0.16 0.84 £0.33 6.23 £6.40 1.18 £0.49* 0.370 0.111
C16:0 8.44+1.46 14.08%+5.82 31.84 £2.29%%* 16.09 + 7.55* 77.74 £ 16.90%** 11.584 5.392
C16:1 6.16£1.45 6.021£2.77 1431 £ 3.51* 3.53 £1.62* 9.03 £4.39 0.332 0.211
C16:2 2.58+0.40 2.61+0.19 1.97£0.22 2.80 £0.71* 2.68 £0.25 0.209 0.157
C16:3 1.80£0.03 0.39+0.13 0.32 £ 0.04* 0.80 £0.26 0.79 £0.19 0.049 0.040
C16:4 0.96%0.21 0.34+0.11 0.74 £0.23 2.09 £0.90 0.44 +£0.18 0.000 0.000
C18:0 4.01£0.81 2.69%0.75 7.72 £1.18* 7.07 £1.19* 12.04 £ 2.21%** 2.842 1.237
C18:1 5.29%1.04 3.40£1.10 15.82£0.95***  573+£1.73 168.68 + 32.45%+* 20.571 8.732
C18:2n-6 1.35+£0.23 1.91£0.50 391+£1.33 3.12+£1.33 39.81 £ 7.51%** 39.748 16.907
C18:3n-6 0.19£0.50 0.27+0.10 0.74 £0.30 0.81 £0.61 0.86 £ 0.23%** 0.207 0.100
C18:3n-3 1.53+0.09 1.69+0.60 4.06 = 1.68 2.06 £ 0.81 5.00 £ 1.57* 4.093 1.712
C18:4n-3 1.48%0.30 1.1620.54 327+1.42 1.09 £ 0.85* 297+1.32 - -
C20:0 0.06%0.01 0.02£0.00 0.04 £ 0.01 0.35+0.33 0.83+0.19 - -
C20:1 0.82+0.09 1.10£0.33 2.15£0.78 1.11 £0.32 2.46 £0.62 - -
C20:2n-6 1.01+0.14 0.63+0.04* 0.58 £0.13* 0.74 £ 0.17** 0.45 £ 0.064* - -
C20:3n-6 0.53+£0.03 0.44+0.05 0.38 £ 0.05* 0.83 £0.40 0.24 = 0.048** - -
C20:4n-6 0.97£0.11 1.50£0.34 2.35£0.65*% 2.59 £ 0.36%* 2.15£0.53%* - -
C20:3n-3 0.11£0.00 0.06+0.02 0.26 £ 0.088 0.23 £0.08 0.10 £ 0.04%*** - -
C20:4n-3 0.37£0.06 0.31+0.06 0.35£0.09 0.85£0.59 0.25 £ 0.058** - -
C20:5n-3 3.47+0.85 3.05£0.76 1.59 £ 0.53* 4.65%0.19 3.57+1.57 - -
C22:0 0.08£0.01 0.09+0.02 0.06 £ 0.01 0.10 £0.02 0.04 = 0.00* - -
C22:1 0.01£0.01 0.06+0.03 0.09 £ 0.03* 0.68 £ 0.69 0.12 £ 0.01%** - -
C22:5n-6 1.40£0.15 1.1410.24 1.16 £0.23 1.17 £ 0.14** 0.94 £ 0.16** - -
C22:5n-3 7.32£0.88 1.41£1.10%* 0.95 £ 0.25%** (.76 £ 0.12%** 0.48 £ 0.18*** - -
C22:6n-3 22.63£0.50  15.57£0.45%*%*% 10.02 £ 0.82***  9.06 £ 1.63%** 5.84 £ 0.65%** - -

> SFA 12911247 11.15%4.31 28.7915.40% 13.22 £ 8.25 117.95 £ 25.25%** 15.370 7.109
¥ MUFA 16.84%1.66  26.56%9.04 37.93%£3.25%**  25.64 £ 9.93 64.06 * 9.96** 21.273 9.055
¥ PUFA 46.02+1.88 32.56+4.01* 30.78%6.33* 36.69 * 4.98* 46.79 * 6.45 44.308 18.918
Y PUFA (n-3) 36.93+1.53 23.28+2.44**  20.52%3.63** 16.75 £ 1.43***  13.89 £ 1.76** 4.093 1.712
¥ PUFA (n-6) 5.35%0.23 5.91%1.16 9.15+2.48* 8.02 + 1.69* 37.95 £ 0.39%* 39.956 17.008

Results are expressed as means = SD (n=6).
Significant differences among steamed, baked, grilled and fried with respect to raw are detected at 5%: *p <0.05; **p < 0.01 and
*¥*%p < 0.001 using ANOVA (Tukey-Kramer HSD test). SFA = saturated fatty acid; MUFA = monounsaturated fatty acids;
PUFA = polyunsaturated fatty acids.

frying was reported by Candela et al., (1997) for
sole (Solea solea) and hake (Merluccius merluccius),
by Al-Saghir et al., (2004) for salmon (Salmon salar)
and by Hosseini et al, (2014) for Kutum roach
(Rutilus frisii Kutum).

The n-3 PUFA group decreased after all cook-
ing treatments. The decrease after steaming, bak-
ing, grilling and frying processes, respectively,
was assessed to be significant at 36%, 44%, 54%
and 62%. The same results were shown after

culinary treatments by Domiszewski et al, (2011)
for Pangasius hypophthalmus tissue. It appears that
oil penetration by seafood is the best feature, which
reduced the n-3 content during frying. In this pres-
ent study, the amount of DHA decreased signifi-
cantly after the four cooking methods, which can be
related mostly to oxidation. However, only during
the baked treatment did the EPA content decrease
significantly by 54%. As compared to n-3 PUFA, the
n-6 PUFA content increased significantly after the
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TABLE 3. Indices of nutritional quality (NQI) in raw and cooked clams.

NOI Raw clams Steamed clams Baked clams Grilled clams Fried clams

n-3/n-6 6.97+0.53 4.10£0.29 ** 2.61+0.35 *x* 2.39+1.07 * 0.37£0.06%*
PUFA/SFA (Stearic) 13.34+2.65 13.41£1.76 4.83£0.96%* 23.41%6.19 ** 6.02+0.06%*
EPA+DHA 26.10£1.16 18.63£0.38*** 11.61£0.61%* 9.75%£1.55%* 7.93£0.52%*
Al 0.46£0.03 0.93+0.07" 0.73+0.10 * 0.31£0.03 * 0.86+0.10%*
TI 0.12£0.01 0.26%0.05" 0.49+0.05 * 0.17£0.48 0.7240.02 **

Results are expressed as means = SD (n=6). Significant difference among steamed, baked, grilled and fried with respect to raw are
detected 5%: **p < 0.01 and ***p < 0.001 at 5%: *p < 0.05; **p < 0.01 and ***p < 0.001 using ANOVA (Tukey-Kramer HSD test).
EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; SFA = saturated fatty acid; MUFA = monounsaturated fatty acids;
PUFA = polyunsaturated fatty acids; AI= Atherogenicity index; TI= Thrombogenicity index.

baked, grilled and fried treatments with 71%, 49%
and 609%, respectively, compared to theuncooked
groups. EPA and DHA were the most sensitive FA
influenced significantly by heat treatment as shown
in other findings (Candela ez al., 1997). The major
investigations on cooking process showed that
changes in fatty acid contents after different cook-
ing methods had significant effects on the major FA,
inducing reductions in n-3 PUFA, EPA and DHA
and increases in n-6 PUFA and SFA (Housseini
et al., 2014; Neff et al., 2014).

Therefore, when corn oil is retained in cooked
clams, it would be expected to raise the total fatty
acid contents such as C16:0, C18:1 and C18:2n-6
and decrease the amounts of DHA and EPA.
Conversely, the fatty acid profile of corn oil, and its
retention in the soft tissue of cooked clams, explains
some of the observed differences in fatty acid con-
tent between cooked and uncooked tissue, as well as
the variation among different cooking methods.

The differences among cooking processes in fatty
acid composition can also be influenced by tem-
perature in addition to other parameters relative to
those culinary methods such as the amount of tissue
interruption and the nature of chemical reactions
developed during cooking (Weber ef al., 2008).

3.3. Nutritional quality index (NQI)

Depending on the perceived differences in fatty
acid content and composition between fresh and
cooked clams, some lipid quality indices were
determined. However, the nutritional quality
indices of fresh and cooked clams are registered
in Table 3. Recent research has pointed out the
importance of compensation of the ratio of n-3/
n-6 fatty acids which is beneficial when the n-3
group is higher than the n-6 group (Neff et al,
2014). Our results show that the greatest content
in n-3/n-6 ratio was detected in raw samples with
6.97£0.53. Nevertheless, changes in the n-3/n-6
ratio were more prominent in the steamed, baked,
grilled and fried tissue, which decreased signifi-
cantly by 41%, 62%, 65% and 94%, respectively,
in comparison to the raw groups (Table 3). These

results were in agreement with the findings of
Hosseini et al., (2014) and Neff et al., (2014) for
fish. The n-3/n-6 fatty acid ratio has been recom-
mended to be a beneficial indicator for associating
the relative nutritional values of fish oils. Despite
the decrease in this ratio during frying, all clams
had an n-3/n-6 ratio higher than 0.25, which is
recommended for health benefits by the British
Nutrition Foundation (1992), by Nutritional rec-
ommendations for the French population (2001)
and by German-Austrian-Swiss recommendations
(2008).

Considering the health benefits of the PUFA/
SFA ratio, the highest amount was observed for
grilled clams at 75%. However, a clear decrease was
recorded after the baked (63%) and fried (54%)
treatments. No statistical difference was observed
between steamed and raw clams for this ratio. It has
been suggested that this ratio is a good standard to
compare the nutritional value of the oil present in
cooked seafood (Neff et al., 2014).

Essential fatty acids, especially EPA and DHA,
are long chain n-3 fatty acids which play an impor-
tant role in biological processes (Hosseini et al.,
2014). The EPA+DHA sum is one of the great-
est imperative nutritional quality indices. In our
study, all cooking methods statistically (p < 0.01)
reduced their EPA + DHA contents. However,
the fried method produced the lowest reduction
(69%). The highest EPA+ DHA value was found
in the raw clams in the order of 26.10 = 1.16 mg/g
ww. Our results were in agreement with El Reffaei
et al, (2014). In this context, British Nutrition
Foundation (1992) recommended that a person
who has a balanced, healthy diet consume 0.2 g of
EPA and DHA dalily.

The investigation on the nutritional index and
lipid quality of fresh and cooked clams revealed the
immense health benefits that this culinary process
can provide. Our results showed a significate varia-
tion in the PUFA/stearic ratio, which ranged from
13.34 to 4.83 mg/g, respectively, for cooked and
uncooked treatments. Indeed, steamed and baked
treatments had significant effects on the PUFA/stea-
ric acid ratios. However, the PUFA/stearic ratio in
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fried tissue was three times higher than fresh clams
(Table 3). The same results were presented by Ojagh
et al., (2010) for three cooked farm fish.

The atherogenicity (Al) and thrombogenicity
(TT) indices reflect the risks associated with heart
disease and therefore must be kept at a low level.
Regarding lipid quality indices (table 3), all cooked
methods did not change their TI as compared to
the raw clams. The same variation was observed
in cooked clams with respect to the Al index, but
it increased significantly (p < 0.05) by 86% during
the frying process. The lower values for both indices
showed the best nutritional quality of fatty acids;
therefore, nourishment with low Al and TI values
could reduce the potential risk of coronary heart
disease (CHD).

3.4. Mineral analysis

The results for minerals contents in cooked and
uncooked clams are presented in Table 4. The Ca,
Mg and Mn levels in the raw, steamed and baked
clams were not significantly different (p > 0.01).
In general, grilled and fried treatments led to sig-
nificant reductions in most mineral contents such as
Ca, Mg and Mn (p <0.01). This was also confirmed
by the investigation of Gokoglu et al, (2004) on
cooked Oncorhynchus mykiss.

3.5. Degradation indices

A clear influence of culinary processes on the
clam tissues (R. decussatus) in relation with the
fried oil was detected, inducing alterations in lipid
and protein portions.

3.5.1. Lipid peroxidation

PUFA autooxidation is catalyzed by many ways
(heat, light, trace metals or enzymes) and conse-
quently involves free radical generation which reacts
with oxygen to form hydroperoxides. Several mea-
surements were used in our study to evaluate the
extent of oxidation (TBARS, FFA, PV) (Ojagh
et al, 2010).

Thiobarbituric acid (TBA). Cooking is one
of the processes that changes the physical struc-
ture of foods, thus accelerating lipid peroxida-
tion reactions. These results show that there was
no difference in the lipid peroxidation of steamed
clams when compared to the raw ones (Table 5).
Nonetheless, baked, grilled and fried processes
have a significant effect (p < 0.05) on the devel-
opment of major oxidation products, with higher
TBA levels (30.629 mg/kg) obtained for fried
than raw clams (8.250 mg/kg) (Table 5). Such an
increase is probably due to the high PUFA level in

TABLE 4. Effect of different cooking methods on mineral contents (manganese; calcium and magnesium) in clam tissue
(Ruditapes decussatus).

Minerals (mg/kg ww) Raw clams Steamed clams Baked clams Grilled clams Fried clams

Magnesium 2.312£0.086 2.238%0.069 2.300£0.021 2.185+0.026* 2.026£0.089%*
Manganese 2.064£0.056 2.022+0.022 1.997+0.017 1.935£0.062* 1.864+0.043%*
Calcium 1.9900.088 1.909£0.138 1.887£0.022 1.787£0.019%* 1.704+0.027%*

Results are expressed as means + SD (n=10). Significant differences among steamed, baked, grilled and fried with respect to raw are
detected at 5%: *p < 0.05 and **p < 0.01 using ANOVA (Tukey-Kramer HSD test).

TABLE 5.

Effect of different cooking methods on lipid peroxidation (Thiobarbituric acid, thermal oxidation ratio, free fatty acid,

peroxide value) and protein oxidation (advanced oxidation protein products, protein carbonyls) in clam tissue (Ruditapes decussatus).

Parameters Raw clams Steamed clams Baked clams Grilled clams Fried clams
Lipid TBARS" 8.250+0.426 8.583+0.915 10.076+1.713* 12.125+1.161%%*  30.629+3.702%**
peroxidation  0p 0.554+0.079 0.545+0.111 0.410£0.012%** 0.525%0.056 0.40120.052%%*

FFA* 200.200+8.140  215.360+18.348  236.880+8.460%**  237.82+13.326%**  299.400%7.096%**

PV 34.995+3.070 46.24749.159 52.439+4.518* 88.93617.445% % 98 739+7 445% %
Protein AOPP* 0.133+0.038 0.150+0.091 0.241+0.083%** 0.253+0.091 %** 0.387+0.096%**
oxidation PCO" 59.413+7.968 68.248+8.996%  104.557+28.830%**  105.995+20.535%**  ]58.444425.05]***

Results are expressed as means + SD (n=10).

Significant differences among steamed, baked, grilled and fried clams with respect to raw are detected at 5%: *p < 0.05 and ***p < 0.001

using ANOVA (Tukey-Kramer HSD test).
o: mg/kg ww

f: percent

£: ml/g

¥: nmol/mg of protein
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this oil, especially C18:2n-6, which probably accel-
erated this phenomenon. However, it is known that
lipid oxidation susceptibility increases with the
number of unsaturation in the molecule (Ansorena
et al., 2010). This phenomenon was also observed
by Bakar et al., (2008). The increase in TBARs
after baking, grilling and frying possibly happened
due to the high temperature that induced lipid
peroxidation.

Thermal oxidation ratio (TOR). Table 5 presents
the thermal oxidation ratio in the different cooking
processes for clams: raw, steamed, grilled, baked and
fried. This ratio decreased significantly (p < 0.05)
after the baking (26%) and frying processes (92%) as
compared to fresh clams. However, a similar varia-
tion was observed among steamed, grilled and raw
clams as reported in table 5. Our findings are simi-
lar to the research by El Reffaei et al., (2014), which
shows a decrease in the thermal oxidation ratio after
cooking fish.

Free fatty acid (FFA). After cooking, there was a
decrease in FFA as a function of heating time as the
percentage of oil increased (Table 5). The average
amount of FFA was higher in the uncooked clams
(200.20%) and increased significantly by 236%,
237% and 299% in baked, grilled and fried clams,
respectively. This decrease probably occurred during
heating, and could be explained by the deactivation
of enzymes or by dilution in the corn oil or FFA.
Indeed, this would prevent the release of FFA due
to lipase activity in the cooked samples. Our results
were in agreement with Al Saghir et al., (2004) and
Weber et al., (2008), who studied salmon and catfish
with different cooking methods.

Peroxide value (PV). PV is a widely used indica-
tor for the assessment of the degree of lipid oxi-
dation (Ansorena et al., 2010). In Table 5, the PV
values for different cooked processes are presented.
The uncooked clams have the lowest PV value at
about 34.99 ml/g. However, the PV of the cooked
clams showed a gradual increase (p < 0.05). The
steamed, baked and grilled method had high val-
ues for PV at about 32%, 49% and 154%, respec-
tively, compared to the uncooked bivalves. From
these results, it is clear that frying was very effec-
tive in promoting lipid oxidation especially in PV.
PV exhibited the highest amount after frying with
2.8 times as high as the raw clams. This remarkable
amount may be attributed to the high degree of
PUFA n-6 groups.

The susceptibility of clam tissue to lipid oxida-
tion can be attributed to a number of factors such
as the level of polyunsaturated fatty acids present in
the particular tissue system. The casual lipid radical
formation of unsaturated fatty acids with molecu-
lar oxygen is thermodynamically unfavorable and
facilitates the generation of species able to abstract
a proton from an unsaturated fatty acid and cause
the propagation of lipid oxidation by catalyzing

the breakdown of lipid hydro-peroxides (Hsieh and
Kinsella, 1989).

3.5.2. Protein oxidation

The oxidation of cooked clams leads to a signifi-
cant change in their nutritional quality in terms of
availability and digestibility of oxidized clam pro-
teins. In this study, protein oxidation was confirmed
by AOPP and PCO, which were used as a measure-
ment of the extent of oxidative reactions affecting
clam protein during cooking processes.

Advanced protein product oxidation (AOPP).
The formation of AOPP compounds is one of the
most important changes taking place during the
oxidation of proteins. The AOPP level of differ-
ent cooked groups is mentioned in Table 5. The
AOPP level was considerably more intense in the
other cooked processes that progressed protein
oxidation by increasing the amount of AOPP.
Comparing uncooked clams with the others,
showed that the lowest level of AOPP was detected
in the steamed groups (p > 0.05). However, there
was no significant difference in the AOPP level
between the control and steamed groups. The
amounts of AOPP significantly increased by
about 1.8 fold after baking and grilling clams. The
greatest accumulation of AOPP mainly occurred
after frying clam, with the highest amount being
detected in the order of 189% as compared to
uncooked clams.

Proteins carbonyls (PCO). The oxidative dete-
rioration of proteins in bivalves during cooked
processes is shown in Table 5. The amount of
PCO was increased significantly as compared to
uncooked clams (p < 0.05). However, the protec-
tion offered against the formation of PCO fol-
lowed this order: uncooked<steamed<baked<gr
illed<fried. In fact, differences were significantly
higher after all culinary processes, which increased
the PCO by about 1.1 and 1.7 fold up in steamed,
baked and grilled, respectively. The most impor-
tant production of PCO was detected after the
frying method, indicating that this process gave
the largest increase in protein oxidation products.
Indeed, fried clams were characterized by an ele-
vated amount of PCO, which increased by 166%
compared to the uncooked ones. The results are
consistent with volatile oxidation products, sug-
gesting a possible relationship between the protein
carbonyl formation and volatiles. The formation
of protein carbonyl compounds has been reported
to be the second sign of protein oxidation due to
proteins interacting with secondary lipid oxidation
products (Sabeena et al., 2001).

The onset of this oxidation in cooked foods
and the impact of these reactions on fish (Lund
et al., 2001) have been extensively studied, however,
research on cooked bivalves was absent.
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3.6. Principal component analysis (PCA)

For a more accurate statistical evaluation, PCA
was examined in our study to clarify changes in the
intact lipid content during treatments (Figure 1).
PCA explained 83.64% of the variations (Factor 1=
68.64%; Factor 2=15.00%) among cooking processes.
As shown in Fig.1, three clusters were represented:
The first cluster of raw and steamed clams was related
to a high amount of EPA+DHA, n-3/n-6, moisture,
n-3, protein and minerals, which correlated negatively
with factor 1. However, cluster two, grouping fried
and baked clams, was characterized by high contents
of MUFA, SFA, TBARS, AOPP, PCO, PV and n-6,
which were correlated positively with factor 1. Cluster
three re-groups grilled clams as correlated with the
highest PUFA/SFA and h/H ratios. Our results were
similar to previous studies by Bakar et al., (2008), who
showed differences among the fatty acid compositions
of raw and fried samples, and almost identical con-
tents after steaming, grilling and baking processes.

4. CONCLUSION
The results showed statistically significant modi-

fications in the changes in the proximate composi-
tions of uncooked and cooked clam tissues. The

Projection of the variables on the factor-plane ( 1x 2)
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FIGURE 1.  Principal component analysis (PCA) among
fatty acid groups, nutritional quality and degradation indices
of the uncooked and cooked Ruditapes decussatus tissue.
EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid;
SFA: saturated fatty acid; MUFA: monounsaturated fatty
acids; PUFA: polyunsaturated fatty acids; Al: Atherogenicity
index; TI: Thrombogenicity index; Pr: protein; Lip: lipids;
Mn:magnesium; Mg: manganese; Ca: calcium: PV: peroxide value;
TBA: thiobarbaturic acid; FFA: free fatty acids; PCO: protein
carbonyl; AOPP: advanced oxidation protein products.

lipid portion in raw clams was characterized by a
high level of n-3 PUFA, predominantly EPA and
DHA, reflecting the fatty acid composition of the
fresh clams. Frying clams in corn oil decreased n-3
PUFA and increased n-6 PUFA, in detriment to the
beneficial effects of the great n-3 PUFA level in fresh
clams. Nutritional quality indices, such as PUFA/
stearic acid and EPA+DHA, showed variations
among baking, steaming, and grilling processes and
fresh clams. However, fried clams changed signifi-
cantly in all nutritional quality indexes during our
study. The grilling and frying treatments changed
the mineral contents of clam tissue. Fried clams had
a lower level of Mg, Ca and Mn than raw or other
cooked treatments. It was found that FFA, PV, TBA,
TOR, AOPP and PCO varied significantly during
the frying treatment. It can be concluded that the
frying process is not recommended for cooking and
steaming is more valuable and healthier because it
preserves omega 3 fatty acids that are less affected
by the oxidation process.
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