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RESUME 

Profil de phospholipide des tissues comestibles de palourde au cours de différents processus de friture : 
Les effets du traitement par la friture, utilisant diverses huiles gastronomiques (huile de maïs, huile d’olive extra 
vierge et huile de margarine) sur la composition des phospholipides (PL), des indices de la qualité nutritionnelle 
et chimique ont été évalués sur les palourdes les plus commerciales (Venerupis decussata) en Tunisie. Le 
traitement de la friture a entraîné des modifications significatives des acides gras saturés (AGS), monoinsaturés 
(AGMI) et polyinsaturés (AGPI) des tissus frits et des huiles frites (p <0,05). Dans tous les cas, la méthode de 
friture a provoqué une importante modification des principaux composés de la fraction phospholipidique traduite 
par des augmentions des taux de C16: 0, C18: 0, C16: 1, C18: 1, n-6 AGPI, arachidonique (AAR) et linoléique 
(C18: 2n- 6) acides, alors que des réductions de taux de n-3 AGPI, docosahexaénoïques (ADH) et 
écosapentaénoïques (AEP) ont été observées principalement dans les tissus frits avec la margarine, suivis par 
l’huile de maïs.  
Nos résultats ont révélé une réduction des indices de la qualité nutritionnelle (n-3/n-6 AGPI, EPA + DHA et 
DHA / C16: 0) chez toutes les palourdes frites (p <0,01). En outre, les indices de qualité chimique ont été 
évalués à l'aide de l’acide thiobarbiturique (TBAR), de l’indice de peroxyde (PV) et des acides gras libres (FFA), 
ce qui a entraîné une élévation significative de ces indices chez toutes les palourdes frites. Prenant toutes les 
données ensemble, les tests de friture avec l'huile de margarine ont induit une altération significative de la 
composition en phospholipides. Toutefois, la friture avec l'huile d'olive semble être la solution la plus saine pour 
la nutrition et la santé des humains. 
Mots-clés: Friture, composition en phospholipides, indices de qualité chimique, huiles 

 
ABSTRACT 

 The effects of frying treatment using diverse gastronomic oils (corn oil, extra virgin olive oil and margarine oil) 
on the composition of the phospholipids (PLs), nutritional and chemical quality indices were evaluated on the 
most commercial clams (Venerupis decussata) in Tunisia. The frying treatment resulted in significant changes on 
saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids in almost fried tissues and 
fried oils (p<0.05). In all cases, frying method caused important enhancement of the main phospholipids 
compounds as evidence by the increasement of C16:0, C18:0, C16:1, C18:1, n-6PUFA, arachidonic (ARA) and 
linoleic (C18:2n-6) acids, while reductions of n-3 PUFA, docosahexaenoic (DHA) and ecosapentaenoic (EPA) 
acids were observed mostly in the fried tissues with margarine followed by corn oil. Our results revealed 
depletions of the nutritional quality indices (n-3/n-6 PUFA, EPA+DHA and DHA/C16:0) in all fried clams 
(p<0.01). Besides, the chemical quality indices were assessed through thiobarbituric acid (TBAR), peroxide 
value (PV) and free fatty acids (FFA), resulting in a significant elevation of these indices in all fried clams. 
Taken all the data together, frying tests with margarine oil induced a significant enhancement of phospholipids 
composition. However, frying with olive oil seems to be safer for the nutrition and health of humans.  
Keywords: Frying, clams, phospholipids composition, chemical quality indices, oils. 
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INTRODUCTION 
 
Lipids play a crucial role in human nutrition that 
comprises growth, therapeutic prevention of diseases, 
development of human embryo, and prevention 
against many serious diseases (cardiovascular, 
inflammation etc) (Kinsella et al., 1990), while the 
main role of lipids in human health is succeeding 
since more investigation is being done. Bivalves, 
such as clam is considered as a healthy food because 
it contain an important amount of biochemical 
composition as well as phospholipids, that enclose 
omega-3 fatty acids (n-3 PUFA) (Liu et al., 2019). 
Phospholipids (PLs) are known as one of the 
chemical foundations of life since; they include the 
major membranes component and contribute as flavor 
precursors in the nutrition method (Malavolta et al., 
2004). These components are produced from a 
combination of molecules (glycerol, phosphorylated 
alcohol, fatty acid) (Wang et al., 2010b). Due to their 
molecular arrangement and the high unsaturated fatty 
acid content, phospholipids have an important 
potential to hydrolysis and therefore of oxidation 
(Ademowo et al., 2017; Reis and Spickett, 2012).   
In this regards, cooking process with vegetable oils 
have been reported to induce harmful effect in the 
fatty acid composition of meat (Şişik Oğraş et al., 
2018), pork (Amici et al., 2015), chicken (Bolger et 
al., 2017), and seafood (Ghribi et al., 2017; Bejaoui et 
al., 2019). While few data were demonstrated that 
cooking with oils has an effective effect on the 
phospholipids composition of various types of tissues 
(Wang et al., 2010b; Liu et al., 2019).  
Frying is a technique processing with rapid heat 
transfer and difficult exchanges between oil and the 
fried food and being commonly used in the 
processing in seafood mainly bivalves (Wright et al., 
2018).This process is generally used in the 
restoration, the hotels and also it is very appreciated 
at the international level mainly in the coastal 
countries such as Cadiz in the south of Spain (FWS, 
2017). Frying process can widely change the taste, 
texture, and nutritional qualities of bivalves resulting 
by flavor, and color production as well as protein 
degeneration, lipid oxidation, (Otles and Sengor, 
2005; Ghribi et al., 2017). Lipid exchange and the 
oxidation of the fried bivalves, may impact the 
particular nutritional characteristic related to its lipid 
components (Lui et al., 2019). However, to the best 
of our knowledge, little information about the impact 
of frying process on the lipids in shellfish, especially 
clam, is available. Few data have demonstrated that 
phospholipids composition of seafood was affected 
by culinary treatment (Cui and Decker 2016; Lui et 
al., 2019). Among them, frying process is known by 
having a marginal effect on nutrient losses than other 
cooking processes and considered to improve the 
nutritive quality by absorbing frying oils into the fried 

food which is rich in vitamin E and unsaturated fatty 
acids (Fillion and Henry, 1998). 
In this regards, we aimed to analyze the changes 
occurred in phospholipids composition in the 
commercial clam (Venerupis decussata) with 
different frying methods. Also, the oxidation process 
was evaluated through several indices (peroxide 
value, free fatty acid and thiobarbituric acid). 
 
MATERIALS AND METHODS  
 
Sampling clams and tissues preparation  
Clams were provided by the mutual societies of 
shellfish farmers of Bizerte (S.M.C.B).  The edible 
flesh were removed and washed before frying 
process, then, divided into four lots of 30 each as 
follows: The first one was considered as the control 
and the other three were fried with corn, olive and 
margarine oils using deep fryer (MOULINEX 
AF123111 UNO M, France) related to an electrical 
heating unit (preheated to 185 ± 5 ºC) for 4–5 min.  
Lipid classes’ separation 
Total lipids were extracted with the mixture of 
chloroform/methanol (2v/1v), containing 0.01% 
butylated hydroxytoluene (BHT) as an antioxidant. 
Lipid classes were separated using thin-layer 
chromatography (TLC) with one dimensional double 
development based on Olsen and Henderson (1989) 
method. Briefly, 500 µL of lipid extracts of each 
samples were separated on silica gel plates (20x20 
cm, Merck, Germany).  To obtain phospholipids 
fraction, silica plates were fixed in a mixed solvent 
containing methyl acetate (25V), isopropanol (25V), 
chloroform/methanol (25: 10V) and potassium 
chloride (0.25%). When migration is accomplished, 
silica plates containing lipid classes were spraying 
with 2’-7’ dichloro-fluorescein (0.1%) and observed 
under UV light after. All visualized fractions were 
methylated and injected in CPG. Results were 
expressed as percent (%) of the total fatty acids. 
Quality indices 
Nutritional quality indices (n-3/n-6; EPA+DHA and 
DHA/C16:0) were determined based on the method 
of Marques et al. (2010) and El Reffaei et al. (2014) 
respectively.  
Chemical quality indices: Thiobarbituric acid 
(TBAR) was determined spectrophotometrically at 
532 mn according to the AOCS (1989) method. 
Peroxide value (PV) was also determined according 
to the method of AOCS (1989). Free fatty acids 
(FFA) measurement was analyzed according to 
AOCS (1989)  method.   
Statistical analysis 
Results were presented in tables and figures as mean 
± standard deviation (SD). The normality of 
distributions and the homogeneity of variances of the 
obtained results were performed using Kolmogorov-
Smirnov test. Significant differences between fresh 
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and fried tissues were carried out using Statistica 
version 8.00 software (Chicago, USA) through Tukey 
test (ANOVA one-way test).  
 
RESULTS 
 
Phospholipids composition of the fried oils 
PLs compositions of the fried oils are presented in 
Table I. Our results revealed that corn oil was 
predominated by polyunsaturated fatty acids (PUFA) 
followed by monounsaturated (MUFA) and saturated 
(SFA) fatty acids. However, MUFA was the major 
compound that dominates the composition of olive 
and margarine oils ensured with SFA and PUFA.  
PLs compositions were affected by heating treatments 
in all fried oils (p<0.05) (Table I). Concerning corn 
oil, SFA mainly C14:0, C16:0 and C18:0 were 
decreased significantly after frying process (p<0.01), 
while PUFA was increased. This enhancement was 
grouping essentially n-6PUFA such as C18:2n-6 and 
C18:3n-6 which increased by 26% and 58% 
respectively when compared with the fresh 
composition. However, MUFA remained stable after 
frying process. 

After frying, the composition of olive oil was 
enhanced significantly as evidence by increases of 
SFA and PUFA levels with 15% and 19% 
respectively (Table I). Such increasement was 
supported by increases of C14:0, C15:0, C16:0, 
C18:0 as well as n-3 PUFA mainly C18:2n-6 
(p<0.01). Dissimilar variation was recorded for 
MUFA, C16:1 and C18:1 showing significant 
decreases by 45%, 44% and 46% respectively in the 
fried oil than the fresh one.   
 The PLs compositions of margarine used in the 
frying process is showed in Table I. Fried margarine 
was characterized by the highest proportions of SFA 
(27%), C14:0 (181%), C15:0 (311%) and C16:0 
(13%). Similar trends were observed for PUFA, 
C18:2n-6 and C18:3n-6 which increased significantly 
in relation to the fresh one (p<0.05). According to our 
results, there was a tendency towards lower levels of 
MUFA in the fried margarine which was 
characterized with a significant decrease of C16:1 
and C18:1 (p<0.001). 
However, no differences were found for n-3 PUFA in 
all fried oils as compared to the fresh ones. 

 
Table I: Phospholipids levels in the fried oils before and after treatments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results are expressed as means ± SD (n=6). 
Percentages (%) with different superscript letters (a, b, c) are significantly different (ANOVA, Tukey’s HSD test) 
Means of fresh tissues as compared to frying ones are significantly different at 5% as follows: fresh tissues vs frying tissues 
a<0.05; b<0.01 and c<0.001. 
SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; OBF: oil before frying; 
OAF: oil after frying.  
 
Phospholipids composition of the fried edible flesh 
Changes in the phospholipids composition of the 
fried edible flesh with corn oil 
The PLs composition of clams flesh after frying 
process with corn oil is presented in Table II. Fried 

flesh contained high levels of SFA (18%), C15:0 
(119%), C16:0 (21%) and C18:0 (20%). Our results 
revealed significant increases of PUFA levels mainly 
n-6 PUFA which was characterized by a statistical 
rise of C18:2n-6, C18:3n-6, C20:2n-6, arachidonic 

% of TFA  Corn oil Olive oil Margarine oil 
 OBF OAF OBF OAF OBF OAF 

C14:0 1.80±0.25 1.00±0.65b 1.05±0.21 0.45±0.02c 1.96±0.63 5.51±0.45c 
C15:0 0.96±0.34 1.02±0.89 0.33±0.11 0.13±0.04b 0.36±0.22 1.48±0.38c 
C15:1 12.16±1.45 11.52±2.31 0.32±0.06 0.33±0.01  8.54±0.52 15.65±1.42c 
C16:0 19.85±1.03 15.07±1.84b 20.88±2.69 23.12±1.47a 23.89±2.08 27.19±1.90b 
C16:1 4.29±0.30 4.31±0.19 0.89±1.87 0.49±0.06 b 0.74±0.02 2.18±0.22c 
C16:2 5.53±0.09 5.50±0.60 2.23±0.39 1.64±0.71b 5.83±0.18 9.99±1.02a 
C16:3 0.48±0.14 0.42±0.08 0.15±0.06 0.16±0.03 0.14±0.01 0.26±0.03a 
C16:4 0.82±0.02 1.04±0.77 0.39±0.07 0.41±0.08 0.33±0.00 1.43±0.22b 
C18:0 6.91±0.74 3.72±0.15c 1.48±0.31 3.63±0.59c 3.39±0.39 3.45±0.57 
C18:1 17.81±1.46 16.52±1.67 51.32±5.88 27.51±2.91c 39.20±0.92 18.15±1.45c 
C18:2n-6 22.25±2.87 28.10±2.01b 15.48±4.05 20.73±0.97b 12.90±1.38 10.17±1.74a 
C18:3n-6 4.77±0.11 7.57±0.97 a 0.39±0.09 0.57±0.02a 0.64±0.05 1.19±0.07a 
C18:3n-3 1.70±0.44 1.41±0.56  4.04±0.12 3.60±0.74 0.66±0.11 0.70±0.21 
C18:4n-3 1.80±0.20 2.06±0.22  0.50±0.09 0.46±0.10 1.36±0.55 1.40±0.31 
SFA 29.59±2.34 20.89±3.05 b 23.75±2.02 27.33±2.07c 29.61±1.42 37.64±2.36b 
MUFA 34.75±4.01 32.35±4.10 52.54±5.00 28.54±1.51c 48.49±3.28 35.99±1.85c 
PUFA 37.38±2.61 45.10±2.84b 22.80±1.08 27.18±3.11c 21.89±1.11 26.35±3.68a 
PUFA n-3 3.51±0.15 3.471±0.45  5.03±0.41 3.96±1.77 2.03±2.85 3.30±0.44 
PUFA n-6 27.02±1.08 30.67±0.99a 15.88±0.99 21.30±0.84b 13.54±2.50 11.36±1.87a 
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(C20:4n-6) and C22:5n-6 (p<0.05). However, n-3 
PUFA and its major component eicosapentaenoic 
(EPA) and docosahexaenoic (DHA) decreased 
significantly by 33%, 47% and 37%  respectively 
when compared to the fresh tissues (p<0.05).  In the 
fried tissues MUFA levels did not vary as compared 
to the fresh one.  
Changes in the phospholipids composition of the 
fried edible flesh with olive oil 
PLs levels after frying with olive oil are shown in 
Table II. SFA level in fried flesh did not differ 
significantly from the fresh one. However, MUFA 
level was significantly increased in the fried flesh 
reaching highest levels for C15:1 (2.062%), C16:1 
(5.609%) and C18:1 (13.642%). Also, PUFA level 
increased significantly and was approximately 1 time 
higher than the fresh one. Similarly, n-6 PUFA 
mainly ARA and its precursor C18:2n-6 increased 
with 147%, 153% and 436% respectively when 

compared to fresh one. The greatest decreases in n-3 
PUFA, EPA and DHA were observed in fried clams 
(p<0.05). 
Changes in the phospholipids composition of the 
fried edible flesh with margarine oil 
Changes in PLs composition of fried clams with 
margarine oil are shown in Table II. Comparison to 
the fresh tissues, significant increases of SFA 
(48.685%), MUFA (23.791%) mainly C18:0 
(10.091%), C16:0 (29.614%), C15:0 (0.863%), C14:0 
(7.638%), C16:1 (5.477%) and C18:1 (14.083%) 
were observed (p<0.05). However, PUFA level 
decreased significantly. This decrease was supported 
by significant reduction of n-3PUFA especially EPA 
and DHA as compared to the fresh one. Dissimilar 
trends were observed for n-6PUFA, C18:2n-6, 
C20:2n-6, ARA and C22:5n-6 which reveal statistical 
increases after fried process.

  
Table II: Phospholipids levels the edible clams’ tissues before and after frying processes. 

Results are expressed as means ± SD (n=6). 
Percentages (%) with different superscript letters (a, b, c) 
are significantly different (ANOVA, Tukey’s HSD test) 
Means of fresh tissues as compared to frying ones are 
significantly different at 5% as follows: fresh tissues vs 
frying tissues a<0.05; b<0.01 and c<0.001. 

SFA: saturated fatty acids; MUFA: monounsaturated fatty 
acids; PUFA: polyunsaturated fatty acids; F: fresh tissues; 
OBF: oil before frying; OAF: oil after frying; FTC: fried 
tissue in corn oil; FTO: fried tissue in olive oil; FTM: fried 
tissue in margarine; ND: No determined 
.  

% of TFA FT FTC FTO FTM 

C14:0 5.709   ±0.262 5.367   ±0.394  5.571   ± 0.390  7.638   ±0.361 b 
C15:0 0.456   ±0.000 1.000   ±0.115 b 0.552   ± 0.043  0.863   ±0.000 c 
C15:1 1.070   ±0.099 1.294   ±0.213 2.062   ±0.104 b 1.171   ±0.099 
C16:0 21.636 ± 0.764 26.343 ±1.541 b 21.576 ±1.758 29.614 ±0.673 b 
C16:1 4.884   ±0.058 3.982   ±0.831 5.609   ±0.335 a 5.477   ±0.415 b 
C16:2 1.148   ±0.391 2.019   ±0.461 2.682   ±0.685 a 1.171   ±0.982 
C16:3 2.559   ±0.281 2.359   ±0.724 3.113   ±0.370 2.046   ±0.798 
C16:4 1.369   ±0.579 1.092   ±0.711 0.907   ±0.048 1.327   ±0.014 
C18:0 8.368   ±0.399 10.046 ± 0.615 a 8.962   ±0.422 10.091   ±0.062 b 
C18:1 7.561   ±0.360 8.698   ±0.937 13.642 ±0.879 b 14.083 ±1.161 b 
C18:2n-6 0.776   ±0.031 4.740   ±0.982 b 4.161   ±0.533 b 5.853   ±0.435 b 
C18:3n-6 0.565   ±0.001 1.187   ±0.028 c 1.220   ±0.036 b 0.579   ±0.082  
C18:3n-3 1.515   ±0.058 1.720   ±0.521 1.130   ±0.077 b 1.193   ±0.002 b 
C18:4n-3 1.139   ±0.126 1.449   ±0.330 0.772   ±0.056 0.473   ±0.087 a 
C20:0 0.122   ±0.017 0.144   ±0.002 a 0.140   ±0.006 0.170   ±0.029 
C20:1 2.226   ±0.254 2.008   ±0.033 1.989   ±0.168 2.056   ±0.402  
C20:2n-6 0.075   ±0.005 0.728   ±0.074 c 0.735   ±0.059 b 1.943   ±0.043 c 
C20:3n-6 0.325   ±0.024 0.311   ±0.075 0.278   ±0.022 0.219   ±0.052 
C20:4n-6 1.383   ±0.040 3.694   ±0.238 c 3.502   ±0.273 c 3.950   ±0.020 c 
C20:3n-3 0.195   ±0.023 0.142   ±0.095 0.154   ±0.038 0.180   ±0.015  
C20:4n-3 0.358   ±0.037 0.226   ±0.013 0.206   ±0.023 a 0.242   ±0.058 
C20:5n-3 5.526   ±0.0493 2.904   ±0.397 a 3.518   ±0.318 a 2.984   ±1.525 b 
C22:0 0.133   ±0.014 0.123   ±0.015 0.149   ±0.001 a 0.149   ±0.012  
C22:1 0.678   ±0.036 0.634   ±0.078  0.562   ±0.072 0.903   ±0.357 
C22:2n-6 0.802   ±0.079 0.936   ±0.090 1.355   ±0.066 b 0.772   ±0.094 
C22:5n-6 0.346 ±0.184 1.083   ±0.139 a 0.308   ±0.035 0.954   ±0.036 a 
C22:5n-3 2.030   ±0.322 2.267   ±0.332 2.715   ±0.168 1.660   ±0.253 
C22:6n-3 11.882 ±0.685 7.370   ±0.522b 8.506   ±0.975 a 1.076   ±0.044 b 
SFA 37.431 ±1.388 44.327 ±2.360 b 38.843 ± 2.103 48.685 ±1.472 c 
MUFA 16.420 ±0.808 16.619 ±1.782 24.865 ±0.934b 23.791± 0.600 a 
PUFA 31.999 ±0.943 34.234 ±2.429 a 34.367 ±1.076 26.629 ±0.920 b 
PUFA n-3 22.647 ±0.386 15.081 ±1.254 b 17.103 ±1.149 b 7.864   ± 1.388 b 
PUFA n-6 4.274  ±0.132 11.682 ±0.680 b 10.560 ±0.288 c 13.973 ±0.297 b 
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Changes in the nutritional quality of fried clams  
Three indices reflecting the nutritional quality of 
fresh and fried tissues were determined in the present 
study (Figure 1). Our results revealed a significant 
reduction in the n-3/n-6, DHA/C16:0 ratios and 

EPA+DHA sum in all fried tissues as compared to the 
fresh one (p<0.05). Clams fried with margarine were 
the most affected one, resulting with great decreases 
by 89%, 76% and 93% for n-3/n-6, EPA+DHA and 
DHA/C16:0 respectively.  

 

 
Figure 1: Changes in the nutritional quality of clams after fried process.  

Fresh vs Fried tissues are presented with *<0.05; **<0.01 and ***<0.001 (ANOVA, Tukey’s HSD test) 
FCO: tissues fried with corn oil; FOO: tissues fried with olive oil; FMO: tissues fried with margarine oil. 

 
Chemical quality indices 
Changes of the chemical quality indices after frying 
process are presented in Table III. As indicated in 
Table III, PV showed significantly increase in all 
fried tissues. This increasement was higher than the 
permissible limit (10-20) especially for fried tissues 
with corn (37.01meq/kg) and margarine 
(50.62meq/kg) oils.  
Significant increase of TBAR level was observed in 
fried tissues corn and margarine (p<0.01). However, 

fried tissues with olive oil did not change as 
compared to fresh one. Although, these values were 
within the permissible limits (Table III). 
Similar trends were observed for FFA, revealing 
significant enhancement after frying process with 
corn and margarine oils, while clams fried with olive 
oil did not change. Our results indicated that FFA 
level of fried tissues with margarine were higher than 
the permissible limit of 7g/100g. 

 
Table III:  Chemical quality indices in fresh and fried clams’ tissues 

 Fresh Corn Olive Margarine Permissable limit 
PV  7.00±0.54 37.01±1.25c 18.74±1.07 c 50.62±2.09 c 10-20 meq/Kg (Connell 1975) 

TBAR 2.51±0.09 3.55±0.22 b 3.00±0.47 4.00±0.25 c 8 mg MDA/kg (Ozden and Erkan, 2006) 

FFA 3.22±0.36 7.54±0.66 c 3.79±0.44  11.69±1.11 c 7 g/100g (IFOMA, 1981) 

Results are expressed as means ± SD (n=9). 
Percentages (%) with different superscript letters (a, b, c) are significantly different (ANOVA, Tukey’s HSD test) 
Means of fresh tissues as compared to frying ones are significantly different at 5% as follows: fresh tissues vs frying tissues: 
a<0.05; b<0.01 and c<0.001. 
PV: peroxide value; TBAR: Thiobarbituric acid; FFA: free fatty acids.  
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DISCUSSION 
 
Researchers have independently indicated that frying 
process may affect the nutritional quality of seafood 
mainly the fatty acids (Ansorena et al., 2010; Ghribi 
et al., 2017). But, few data was available on the effect 
of frying process on the PLs composition in fish and 
shellfish tissues (Boselli et al., 2012; Liu et al., 2019). 
So, we investigate for the first time the effect of three 
frying oils (corn, olive and margarine) on the 
composition of PLs in the clams (Venerupis 
decussata) from the Tunisian market. The choice of 
this species is based on its abundance, its national and 
international commercialization and also the absence 
of the scientific works related to this issue. 
During our frying process, major changes were 
observed in the composition of PLs. Increases in the 
main PLs such SFA and MUFA were occurred 
mostly in margarine fried tissues. However, PUFA 
levels decreased significantly, confirming by a 
significant diminution of n-3 PUFA mainly EPA and 
DHA.  For corn oils fried tissues, there was an 
increase of SFA and PUFA levels and their essential 
compounds, while MUFA showed a similar variation. 
Such increases of SFA could be related to the oil 
composition which was previously described as rich 
in SFA mainly C16:0 and C18:0. For PUFA this 
increase was linked firstly to the elevation of n-
6PUFA levels, ARA and C18:2n-6. In contrast, fried 
clams with olive oil showed a low effect as compared 
to the other condition. As compared to the fresh 
tissues, no significant variations were recorded for 
SFA and PUFA but their compounds showed a minor 
variation. Concerning MUFA, a slight increase was 
reported in the fried tissues with olive oil. Our results 
could be attributed mostly to oils penetration and 
fried temperature which influence the metabolism of 
PLs and provoke membrane destruction through the 
initiation of lipid peroxidation processes. Likewise, 
PL is principally the ester membrane, which contains 
more PUFA (Duckett et al. 1993).  Deep frying with 
corn and olive oils have no observable influence on 
the PUFA levels of PL fraction in the fried tissues, 
but the contents of PUFA after pan frying with 
margarine was practically decreased as compared to  
the fresh tissues. This phenomenon probably could be 
explained by the different frying process and/or by 
the faster penetration of PUFA from tissues 
(especially n-3) into the fried margarine. Our results 
were in accordance with Liu et al., (2019) shown a 
decrease of PLs in R. philippinarum after frying with 
soybean and sunflower oils. Also, Bakar et al. (2008) 
found that frying had certain effects on the PL levels 
of fried mackerel fish meat.  
Our data showed that frying treatment with corn, 
olive and margarine oils provoked a significantly 
decreases of EPA+DHA, n-3/n-6 PUFA and 
DHA/C16:0 in all fried clams. According to our 

results, margarine appeared to be more vulnerable 
method for the quality of fried clams, while olive had 
the less effect comparatively with fresh flesh, appears 
to be the most suitable method for clams frying. This 
result was in concordance with recent investigation 
shown that frying in extra virgin olive oil was 
actually healthier than other process (Echevarría et 
al., 2016). 
Analysis of lipids and nutritional quality of the fried 
clams showed that the composition of PLs affected 
significantly.  From a dietetic point of view, during 
the frying process, certain changes took place; 
especially the processes of fat oxidation and 
hydrolysis. As shown in our study, many 
investigations have reported that oxidation of lipids 
can reduce the nutritional value and safety of seafood 
by the development of secondary products such as 
Thiobarbituric acid  (TBAR) which are known to be 
dangerous for health since they are related with 
membrane damage, heart disease, depression and 
cancer growth  (Suja et al. 2004). In the present 
study, TBAR, PV and FFA were calculated to 
evaluate the susceptibility of PLs to oxidation. Our 
study showed that clams tissues were more 
vulnerable to oxidation during frying with vegetable 
oils suggests that pan frying with margarine provokes 
a higher thermal-oxidation than deep frying with corn 
and olive oils. Also our results revealed that olive oil 
is safer than corn oil for heating at frying 
temperatures. Our data were in harmony with other 
research reported that a high value of TBAR, PV and 
FFA in fried seafood, indicates generation of lipid 
oxidation (Godwin and Prabhu 2006; Manral et al. 
2008; Weber et al. 2008; Bejaoui et al., 2019). Other 
finding of Zhang et al (2011) showed that frying with 
soybean oil decreased significantly the amount of 
FFA and PV of fried filet.   
 
CONCLUSION  
 
Due to the nutritional importance of phospholipids, 
the present study delivers new information regarding 
the effects of frying on the clams’ phospholipids 
composition. Notably, all fried flesh, especially with 
margarine, resulted in a significant alteration on the 
composition of phospholipids. These results were 
confirmed by a massive depletion of the nutritional 
quality indices and the installation of the oxidation 
process. Consequently, our results could be useful for 
providing a valuable approach for bivalves, thus 
ensuring that their nutritional quality is not 
compromised. In the future, additional investigations 
must be realized on the molecular characterization 
and identification of phospholipids overall different 
cooking methods and different seafood species.  
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