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ABSTRACT 

The composition of fatty acids, total lipids and polar lipids of the pearl oyster Pinctada 

radiata from Tunisian coast was investigated in order to estimate and valorize these lipids of 

mother of pearl and the flesh of this species. 

The analyses of mother of pearl and flesh by gas chromatography revealed the following 

saturated fatty acids:C14:0, C15:0, C16:0, C17:0, C18:0 and C22:0; monounsaturated fatty 

acids:C14:1, C15:1, C16:1, C18:1, and C20:1 and polyunsaturated fatty acids C18:2n-6, 

C20:2n-6, C20:4n-6, C18:3n-3, C18:4n-3, C20:4n-3, C20:5n-3, C22:5n-3, C22:6n-3, C16:2n-

4, C16:3n-4, C18:3n-4, C22:2i and C22:2j. 

Pinctada radiata showed in polar lipids a high content of saturated fatty acids (59.94 % and 

48.57 %), and monounsaturated (13.49 % and 6.64 %) respectively in mother of pearl and the 

flesh, conversely high percentage of polyunsaturated fatty acids (26.55 % and 44.77 %). 

 

Results revealed the presence of relatively large amounts of eicosapentaenoic acid (EPA, 

C20:5n-3) and docosahexaenoic acid (DHA, C22:6n-3) in the flesh and mother of pearl 

samples. We also noted the presence of Non-interrupted dienoic-methlene (NMID) (C22:2): 

C22:2i and C22:2j in small quantity.  

The performed analyzes in nacre of Pinctada radiata revealed the presence of the same 

qualitative profile of fatty acids as its flesh but with different quantitative profile. 

KEYWORDS: Pinctada radiata, flesh, mother of pearl, fatty acids, polar lipids. 
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INTRODUCTION 

Researches have been deeply focused on fish fatty acids, pointing out their nutritional values. 

For the determination of lipids in bivalve species, only oysters (Ostreidae), scallops (Scallops) 

and mussels (Mytilidae) were studied in details (Saito, 2004, Soudant et al., 1998 and 

Freites et al., 2002). 

Few data are available on the biochemical constituents of other bivalve species, particularly 

lipid composition and fatty acids of the mother of pearl. 

 

The pearl oyster, Pinctada radiata (Leach, 1814) is an Indo-Pacific origin sessile benthic 

species. In Tunisia, only one study on the biological reproduction of this species harvested 

around the islands of Kerkennah was carried out until today (Tlig-Zouari, 2009) 

 

In Tunisia, P.radiata hasn’t been much exploited; its consumption is limited to Kerkennah 

and Djerba and is often discharged into the sea in a fishing accident. Moreover, it does not 

produce pearls and even when they are present, they are of poor quality and very friable 

(Seurat, 1929). This species is abundant in the Gulf of Gabes particularly in Mahares, but it 

becomes scarce with sporadic repartition in the Gulf of Tunis (Tlig-Zouari, 2009). 

On the other hand, recent studies have shown that dietary supplements or dietary n-3 PUFA, 

such as DHA, may have beneficial effects on cardiovascular diseases, certain forms of cancer 

and aging (Shahidi  &  Miraliakbari, 2004). Studies related to lipids of marine organisms 

such as fish and crustaceans have shown that they can be unique sources of n-3PUFA as EPA 

and DHA, which are also, not available in terrestrial oils (Morris & Culkin, 1989).  

 

The mother of pearl forming the inner layer of the shell of most molluscs. Can be a perfect 

alternative natural biomaterial and bone regeneration because it has some properties that were 

previously allocated to the bone (Checa & Rodriguez-Navaro, 2005).  In fact, the nacre, 

composite material of natural origin, has physicochemical characteristics and outstanding 

mechanical as bioactivity, osteogenesis and osteoinduction. Such researches have many 

applications in orthopedics, dermatology, particularly osteoarticular diseases like 

osteoarthritis or osteoporosis.  
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In this work, we propose to determine the fatty acid composition of P. radiata mother of pearl 

and flesh, this latter  as a potential source of n-3 PUFAs, and  in order to valorize the mother 

of pearl which appears as a bone substitute. 

 

MATERIAL AND METHODS 
 

This species is collected using the benthic trawl of oceanographic vessel HANNIBAL. 

Sampling was carried out in February 2011 at the region of Mahares (34°25’-10°58’; 34°26’-

11°03’), as a pilot site away from harbor areas since it provides oysters with relatively thick 

pearly shells (Fig.1). This period correspond to the accumulation of lipid reserves preceding 

the ovulation period as already registered in Pinctada mazatlanica (Pedro et al., 2009), 

Crassostrea gigas (Dridi et al., 2008) and Pinctada Fucata martensii (Saito, 2004) (Tab.1). 

In February the accumulation of lipid reserves preoviposition period (Tlig-Zouari, 2009), the 

fat content of Pinctada radiate in Maden bay of Turkey reached in january (Nalan, 2006).  

 

According to Pedro et al (2009), the accumulation of lipid reserves is maximum in January 

succeeding stage of sexual maturity. Moreover Dridi et al (2008) also shows that the winter is 

the acculmulation reserves in lipids and that spring is the sexual maturity of the oyster. 

According to Buestel and Pouvreau (2000) no seasonal trend could not be extracted for lipids 

of Pinctada  margaritifera. 

 ANIMALS 

The fleshes were removed from the collected specimens and were fixed in boiling water to 

complexly inactivate enzymatic activity, especially phospholipases (Shewfelt, 1981). Samples 

along with the fixing liquid were stored at -28°C. 

THE MOTHER OF PEARL MATERIAL 

The nacre of the inner shell layer of the Pearl Oyster was ground to a fine powder in order to 

obtain particles of 50–100 μm (recommended size) (Hamza et al.,2013). 
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TOTAL LIPID EXTRACTION 

Lipids were extracted according to the Folch, Lees and Sloane- Stanley (1957) method with 

the solvent mixture chloroform–methanol (2:1, v/v) containing 0.01% butylatedhydroxy 

toluene (BHT) as an antioxidant. 

 

POLAR LIPID EXTRACTION 

The crude total lipids (TL) were separated into classes on plates of silica gel (Silica gel 20 * 

20, layer; 0.25 mm silica gel, Merck and Co. Ltd., Darmstadt, Germany). 

 

 FATTY ACID ANALYSIS 

After evaporation to dryness, lipid extracts were trans-esterified according to the Cecchi, 

Basini, and Castano (1985) method. Methyl nonadecanoate C19:0 (Sigma) was added as 

internal standard. Separation of FAMEs was carried out on a HP 6890 gas chromatograph 

with a split/splitless injector equipped with a flame ionisation detector at 275 °C, and a 30 m 

HP Innowax capillary column with an internal diameter of 250 µm and a 0.25 µm film 

thickness. Injector temperature was held at 250 °C. The oven was programmed 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 stabilize at 220 °C 

for 7 min. Carrier gas was nitrogen. Identification of FAMEs was based on the comparison of 

their retention times with those of a mixture of methyl esters (SUPELCO PUFA-3). Fatty acid 

peaks were integrated and analysed using HP chemstation software. 

 

IDENTIFICATION AND QUANTIFICATION OF FATTY ACIDS  

The different fatty acids in P.radiata were obtained by comparing the retention times of the 

fatty acids under study and those of mixture of methyl esters SUPELCO (PUFA-3). 

The quantification of the fatty acids is based on an internal standard not present in our 

samples, methylnonadecanoate or C19:0 (Sigma). 

 

STATISTICAL ANALYSIS 

Data were analyzed using the software Statistica Version 6.0 to assess significant differences 

between means according to the one way analysis of variance method (ANOVA). For this, the 

Duncan test was applied and differences were considered significant when p <0.05. 
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RESULTS 

No significant difference was recorded in the qualitative composition of the total fatty acids of 

mother of pearl and the flesh of the pearl oyster Pinctada radiata (Tab. 2, Fig. 2). 

Twenty-five fatty acids were identified in the mother of pearl powder and the flesh of P. 

radiata. Results revealed that the SFA are the majority group at the mother of pearl (66.53%) 

and flesh (41.25%) (p<0.05)  followed by polyunsaturated fatty acids (PUFA) with 

respectively 23.37% and 27.78% and monounsaturated fatty acids (MUFA) (10.08% and 

6.72%) respectively. On the other hand, UFA contents were higher in the flesh in comparison 

with those registered in the mother of pearl especially for the n-3 (18.44 % in the flesh vs9.86 

in the mother of pearl) and n-6 series (6.01% in the flesh vs2.48 in the mother of pearl) 

(p<0.05) (Fig. 2).  

 

The analyzed FA profiles showed that among SFA the stearic acid (C18:0) and the palmitic 

acid (C16:0) are predominant in both mother of pearl and flesh (34.02% and 9.58%) and 

(25.69% and 25.66%) respectively. We noted that the mother of pearl is richer with (C18:0) 

than the flesh.  

 

Concerning the polyunsaturated fatty acids, EPA and DHA were predominant in the flesh 

(4.39% and 12.11%) compared to the mother of pearl (0.60% and 6.94%)(p<0.05). Moreover, 

many PUFA are enough represented in the flesh than the mother of pearl as C20:4n-6, the 

stearidonic acid (C18:4n-3) (0.77% and 0.5%), the Linoleic acid C18:2n-6 (1.42% and1, 

65%), C22:2i (0.48% et 0.29) and C22:2j (0.25% et 0.26%) respectively in the flesh and 

mother of pearl.  

 

However, we noticed that the mother of pearl is characterized by the dominance of C18:3n-4 

(5.91%) compared to the flesh (0.29%) (Tab. 2). Concerning the monounsaturated fatty acids, 

the palmitoleic acid (C16:1) and oleic acid (C18:1) are represented in the flesh (2.72% and 

2.12%) and in the mother of pearl (2.02 and 5.12%) respectively (Tab. 2). 

 

The polar lipid composition of total lipids of the mother of pearl and the flesh of the pearl 

oyster P.radiata is shown in Table 3.The fatty acid profile of polar lipids showed the same 

qualitative composition of total fatty acids in both mother of pearl and the flesh of P.radiata.  
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Besides, significant differences were registered between saturated fatty acids SFA and 

monounsaturated fatty acids MUFA amounts in the mother of pearl and the flesh (Tab. 3, Fig. 

3). In fact, the mother of pearl is richer in SFA and MUFA (66.53% and 10.08%) than the 

flesh (41.25%, 6.72%),(p<0.05).While; the flesh has a high percentage of polyunsaturated 

fatty acids PUFA (27.78%) relative to the mother of pearl (23.37%). Moreover, unsaturated 

fatty acids UFA amounts (33.92%) in the flesh are relatively the same compared to those 

registered in the mother of pearl (33.46%). 

Levels of saturated fatty acids shown in Table 3 revealed that the percentage of stearic acid 

(C18:0) and palmitic acid (C16:0) in the mother of pearl (31.30 % and 22.92%) are relatively 

higher than those registered in the oyster flesh (23.53% and 18.98%), (p<0.05). Concerning 

the monounsaturated fatty acids, levels of oleic acid (C18:1) in the mother of pearl (7.67%) is 

more important than those registered in the flesh (3.06 %), (p<0.05).According to the results 

shown in Table 3, we noticed that the mother of  pearl is richer in fatty acids with 18 carbon 

atoms as linoleic acid (C18:2n-6), stearidonic acid (C18:4n-3) acid and C18:3n-4, (5.49%, 

0.94%, and 7.98% respectively), (p<0.05) when compared to those registered in  the flesh 

(1.76% , 0.66%, and 1.27% respectively). 

  

According to the results (Tab 3), the flesh is significantly rich in polyunsaturated fatty acids 

of the series n-3 (32.46%) compared to the mother of pearl (8.85%), (p<0.05). In fact, EPA 

and DHA, have a majority in the flesh (8.12% and 21.60%) compared to the mother of pearl 

(4.20% and 2.12%). In the other hand, levels of polyunsaturated fatty acids of the n-6 series 

are in the same order of magnitude in the flesh and the mother of pearl (7.65% and 7.05% 

respectively). This result is explained by the predominance of C20:4n-6 in the flesh (5.61%) 

relative to the mother of pearl (0.38%) while this later is richer with 18:2n-6 and C20:2n-6: 

5.49 and 1.17 % vs 1.76 and 0.27 in flesh respectively.  

Also, we noticed the presence of Non-interrupted methylene dienoic (NMID) (C22:2): C22:2i 

(0.20 and 0.26%) and C22:2j (1.12 and 0.61%) respectively of the flesh and the mother of 

pearl. 

The n-3/n-6 ratio varies from 4.22 at the flesh to 1.33 at the mother of pearl (Tab 3). 

 

 

 



International Journal of Advanced Scientific and Technical Research                Issue 4 volume 3, May-June 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com.  Page 470 

 

 

DISCUSSION 

 
The present work shows that the fatty acid profile of total lipids and polar lipids of the flesh of 

the pearl oyster Pinctada radiata is similar to that found in other bivalves as Flexopecten 

Glaber (Pectinidae) (Telahigue et al.,2010), oyster Crassostrea gigas (Dridi et al., 2008) and 

Pinctada fucata martensii (Saito., 2004). 

 

Unsaturated fatty acids are the majority group in the flesh (45.52% of total fatty acids and 

51.42% of polar lipids), these results confirm other studies on bivalves (Palacios et al., 2005) 

and especially in oysters (Saito., 2004) 

 

The predominance of PUFA was also observed in oysters and mussels from different sites of 

the Mediterranean (Özyurt et al., 2006 and Dridi et al., 2008). Levels of unsaturated fatty 

acids are high in the flesh because of the transformation of SFA to the UFA (poly and mono) 

which is greater in the flesh where different metabolisms occur as reproduction (Palacios et 

al., 2005). 

 

Gilles (2009) reported the bivalve molluscs ability to synthesize polyunsaturated fatty acids 

called indeterminate C22:2i and C22:2j. In this study, the percentages of these fatty acids 

were recorded in the flesh and the mother pearl in low quantities. According to Maryse 

(2005) these fatty acids are present in polar lipids of Crassostrea gigas and Ruditapes 

philippinarum.  

 

According to several authors, these fatty acids (C22:2i and C22:2j) are involved in the 

mechanisms of fluidity, integrity and structure of the membrane (Gilles, 2009).  

The presence of fatty acids C22:2i and C22:2j bivalve confers protection against membrane 

alterations due to changes in the physicochemical environment. 

 

We recorded also that the amount of DHA and EPA were elevated in the flesh of Pinctada 

radiata of total lipids (16.5%)  and polar lipids (29.72%)   when compared to those registered  

by Saito (2004) in P. fucata  (21.00%  in polar lipids). 

Flesh of P. radiata is a better source of polyunsaturated fatty acids of the n-3 series. This 

result is similar to those found in other bivalve molluscs such as scallops, Jacques, Chlamys 
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varia,varia Pecten jacobaeus (Katsanevakis, 2005) and from the Pectinids Flexopecten glaber 

(Telahigue et al., 2010) in northern Tunisian coasts which have interesting nutritional values 

due to their relatively high levels of polyunsaturated fatty acids n-3, especially in EPA and 

DHA. These acids are important in human nutrition and can prevent against the development 

and progression of several disease states including cardiovascular disease (platelet 

aggregation inhibiting properties and reduction in blood pressure) and cancer (Shahidi and 

Miraliakbari, 2004). In addition, this species has a smaller amount of n-6 PUFA (6.01% of 

total lipids at 7.65% of the polar lipids). The ratio n-3/n-6 in the diet recommendations is 0.2 

(AFSSA, 2003).  

The n-3/n-6 PUFA ratios of P. radiata in total and polar lipids are 3.12 and 4.22 respectively. 

This finding characterizes the high nutritional value of this species. In fact, this ratio ranged 

from 4.28 - 10.81 in (clams) bivalve mollusk the Chamelea. Gallina from the central Adriatic 

Sea Orbana et al., 2006). Besides Fuentes et al., 2009 registered n-6/n-3 values varied 

between (0.09 and 0.13) in of Mytilus galloprovincialis from Spanish coasts.  

A healthy balance between n-3 and n-6 PUFA by consumption of seafood is recommended by 

current dietary guidelines (Orban et al, 2006). 

To our knowledge, the fatty acid composition of the mother of pearl in mollusk bivalves 

hasn’t been yet investigated.  Only, Rousseau et al (2006) and Farre et al (2009) have 

already characterized the biochemical lipid composition of the nacreous layer shell of 

Pinctada. Margaritifera (total lipids, polar lipids (phospholipids and pigments), sterols 

(cholesterol), and triglycerides (triolein)), without specifying the fatty acids. The fatty acid 

profiles of the nacreous powder are very similar to the flesh one.  

The mother of pearl, is rich in saturated fatty acids, the high percentages of saturated fatty 

acids recorded (66.53% of total fatty acids and 59.94% of polar lipids) are probably related to 

several parameters including the richness of the environment by organic detritus which is an 

important source of C14:0, C15:0, C16:0 and C18:0 as mentioned by Freites et al., (2002).  

We have noticed high levels of the oleic acid C18:0 (SFA) in polar lipids of the mother of 

pearl.  This fatty acid is partially converted by desaturation to monounsaturated fatty acids as 

endogenous synthesis (Le grand, 2002). 
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In humans, studies of cross-sections of bone have shown that diets rich in polyunsaturated 

fatty acids have a positive effect on the latter, the n-3/n-6 ratio, have an effect on the health 

and bone remodeling. In fact, it seems that the n-3 levels should be higher than n-6 in bones. 

Many studies revealed that the fatty acids of the n-6 family were associated with an increased 

bone loss, while n-3 are approached to protect the bone (Tsutsumi et al., 2009).  

 

Recent data highlighted the beneficial effect of n-3 polyunsaturated fatty acids in bone health 

(Youjin Kim et al., 2011).  In fact, Roush et al., 2010 investigated on the role of PUFA n-3 

in the reduction of the osteoarthritis severity. Besides, Humphries et al (2012) revealed the 

important PUFA actions on reducing inflammatory mediators (eicosanoids: prostaglandins, 

thromboxans…) in human osteoblast-like cells. PUFA composition of polar lipids of nacre 

(26.55%) may explain the link nacre-bone by membrane phospholipids as biomaterials. 

CONCLUSION 

In the present work, we have highlighted a similarity between the fatty acid profile of total 

and polar lipids in the mother of pearl and the flesh of the pearl oyster Pinctada radiata of 

tunisian coast. However, quantitative compositions were different. Unlike other shellfish 

which are intended only for human consumption, Pinctada radiata could be used as nutrition 

complement for its richness in polyunsaturated fatty acids especially omega 3 and omega 6 

(Ben Ammar et al., 2014) which is similar to fish composition (Ben Smida., 2009). In this 

work, we have presented the first data about the fatty acid composition of the mother of pearl. 

This latter is considered as a potential bone replacement biomaterial. In order to promote the 

interest of the mother of pearl, a future investigation is possible about the creation of an 

implantable biomaterial for humans.  

ABBREVIATIONS: SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; UFA, 

unsaturated fatty acids; PUFA, polyunsaturated fatty acid; EPA, C20:5n-3; DHA, C22:6n-3; 

n.s, non significant; *, difference significative 
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Figure .1 Geographical location of the sampling site Mahares at the Gulf of Gabes 
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Figure .2 Contents of total fatty acids in mother of pearl and flesh of Pinctada radiata 
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Figure.3 Contents of fatty acids of polar lipids in mother of pearl and flesh of  

Pinctada radiata 
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List of table 

    Table.1 Cultivation Locality and Biological Data of the Pearl Oyster P. radiata 

Samples Date Depth (m) 
Replicate 

animals 
Lengh(cm) Widh(cm) Weight(g) 

1 
February 

26, 2011 

beginning End 

 

6 

 

8.7±0,57 

 

7.83±0,42 

 

106.25±7.26 
19.6 21.2 
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Table. 2 fatty acid profiles in mother of pearl and flesh of Pinctada radiata. 

The results are expressed as percentages of total fatty acids (mean ± SD, n=6). 

 

FA(%) 
Nacre 

mean±SE 

 The flesh 

mean ±SE 

P<0.05 

C14:0 2,66±0.42  4.58±0.35 * 

C15:0 1,69±0.40  0.20±0.08 * 

C16:0 25,69±1.62  25.66±0.76 ns 

C17:0 1,01±0.09  0.02±0.01 * 

C18:0 34,02±5.22  9.58±1.36 * 

C22:0 1,43±0.50  1.18±0.11 ns 

C14:1 0,46±0.09  0.59±0.04 ns 

C15:1 1,84±0.28  0.21±0.05 * 

C16:1 2,02±0.70  2.72±0.58 ns 

C18:1 5,12±1.93  2.12±0.20 ns 

C20:1 0,63±0.31  1.06±0.15 ns 

C18:2n-6 1,65±0.58  1.42±0.11 ns 

C20:2n-6 0,70±0.56  0.90±0.32 ns 

C20:4n-6 0,11±0.05  3.68±0.37 * 

C18:3n-3 0,12±0.03  0.22±0.09 ns 

C18:4n-3 0,50±0.19  0.77±0.77 ns 

C20:4n-3 0,23±0.05  0.25±003 ns 

C20:5n-3 0,60±0.18  4.39±0.58 * 

C22:5n-3 1,44±0.47  0.69±0.08 ns 

C22:6n-3 6,94±2.91  12.11±0.58 ns 

C16:2n-4 3,55±0.47  1.88±0.09 * 

C16:3n-4 1,00±0.25  0.41±0.03 * 

C18:3n-4 5,91±1.77  0.29±0.07 * 

C22:2i 0,29±0.07  0.48±0.13 ns 

C22:2j 0,26±0.13  0.25±0.11 ns 

SFA 66,53±6.36  41.25±1.40 * 

MUFA 10,08±2.81  6.72±0.70 ns 

PUFA 23,37±4.66  27.78±1.48 ns 

UFA 33,46±6.36  33.92±1.57 ns 

Ʃn-3 9,86±2.85  18.44±0.99 * 

Ʃn-6 2,48±0.78  6.01±0.50 * 

n-3/n-6 6,28±2.54  3.12±0.18 ns 

EPA+DHA 7,55±2.88  16.5±0.94 * 
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Table.3 Fatty acid composition of polar lipids in mother of pearl and flesh of Pinctada 

radiata. The results are expressed as percentages of total fatty acids (mean ± SD, n = 6). 

 

FA(%) 

 

Nacre 

mean ±SE 

 

 The flesh 

mean ±SE 

 

 

P<0.05 

C14:0 3,33±0.28  2,60±0.20 ns 

C15:0 1,42±0.19  0,93±0.17 ns 

C16:0 22,92±1.22  18,98±1.05 * 

C17:0 0,80±0.18  0,21±0.07 * 

C18:0 31,30±2.89  23,53±4.26 ns 

C22:0 0,14±0.03  2,29±0.24 * 

C14:1 1,02±0.15  0,32±0.06 * 

C15:1 1,39±0.40  0,27±0.05 * 

C16:1 2,85±0.22  1,95±0.15 * 

C18:1 7,67±0.90  3,06±0.36 * 

C20:1 0,55±0.20  1,01±0.25 ns 

C18:2n-6 5,49±0.79  1,76±0.15 * 

C20:2n-6 1,17±0.14  0,27±00.05 * 

C20:4n-6 0,38±0.06  5,61±0.69 * 

C18:3n-3 0,63±0.43  0,47±0.05 ns 

C18:4n-3 0,94±0.48  0,66±0.10 ns 

C20:4n-3 0,47±0.09  0,35±0.05 ns 

C20:5n-3 4,20±1.28  8,12±1.36 ns 

C22:5n-3 0,47±0.06  1,24±0.14 * 

C22:6n-3 2,12±0.45  21,60±2.58 * 

C16:2n-4 1,20±0.10  1,41±0.05 ns 

C16:3n-4 0,58±0.08  0,62±0.08 ns 

C18:3n-4 7,98±5.30  1,27±0.36 ns 

C22:2i 0,26±0.03  0,20±0.13 ns 

C22:2j 0,61±0.21  1,12±0.21 ns 

ƩSFA 59,94±4.16  48,57±4.54 ns 

ƩMUFA 13,49±0.80  6,64±0.55 * 

ƩPUFA 26,55±4.27  44,77±4.51 * 

ƩUFA 40,05±4.16  51,42±4.54 ns 

Ʃn-3 8,85±1.82  32,46±3.21 * 

Ʃn-6 7,05±0.79  7,65±0.76 ns 

n-3/n-6 1,33±0.27  4,22±0.27 * 

EPA+DHA 6,32±1.54  29,72±3.57 * 

 
 


