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Seasonal variations of fatty acids in various Korean shellfish were investigated in relation to the
changes in total fatty acids contents, the ratio of polyunsaturated fatty acids to saturated fatty acids
(P/S), and that of n—3 fatty acids to n—6 fatty acids (n—3/n—6). A distinct seasonal pattern was
found in total fatty acids contents with maximal values in early summer and minimal values in late
summer. The percentage of monounsaturated fatty acids was lowest in most species throughout the
year. In summer months, the proportion of polyunsaturated fatty acids decreased while that of saturated
fatty acids increased. The major contributing factor to the seasonal variation of polyunsaturated fatty
acids was n—3 fatty acids. These results led to the lowest levels of P/S and n—3/n—6 in summer.
Nevertheless, the data suggest that bivalve shellfish would be excellent sources of n—3 fatty acids,
especially eicosapentaenoic acid and docosahexaenoic acid.
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INTRODUCTION an attempt to assess the seasonal influences on nutritional indices

It has been reported that eicosapentaenoic acid (EPA) angincluding polyunsaturated fatty acid_s/saturated fatty acids
docosahexaenoic acid (DHA) have beneficial effects for the (P/S) andn—3 fatty acids/n—6 fatty acids (n—3/n—6).
prevention of human coronary heart disease (1—3). Studies on
the lipids of marine organisms have shown that fish and shellfish MATERIALS AND METHODS

could be unique sources of-3 ponunsaturate_d fatty aC'O_'S Sample Preparation. The 12 species of shellfish most consumed
(PUFA) such as EPA and DHA2(4—6). For this reason, it iy Korea were selected for the analysis of fatty acid compositiable
has been suggested that the consumption of seafood would have). samples were obtained from local markets over several months
favorable effects regarding ischemic heart disease and throm-encompassing four seasons in 1999 and 2000. The samples were live
bosis (1,2, 7, 8). Because the apparent relationship between when delivered and were homogenized and then frozen immediately
the amounts or types of fatty acids consumed and the incidenceupon arrival. Edible portions of 20—100 shellfish depending on their
of ischemic heart disease has been noted, knowledge of thesize were homogenized by a homogenizer (Hanil, Seoul, Korea) at high
composition of edible fats has been considered to be essentiafPeed for 1 min without added solvent and storee-20 °C.
(1). Fat content and PUFA composition in seafood are influ- 't:haet'?, Sﬂg{f“;:}'i’?:& F:% ';Cgﬁ 'I”ez:’erpso?'fzﬁ/fg ;"‘::ir:rﬁgvgtﬁi

: _ i itu y aci y i
gcgﬁ:bm¥y S;r?;f?rrﬁp?és?tizc;nli} ]];32)’ dj(e g;:' otnergiger;tt,rij& method of Lepage and RoR2@). Two milliliters of methanol/benzene

g . 4:1 (v/v) solution was added to 0.1 g of the homogenate; A9®f
geographic regions (4), stage of sexual developméptend tridecanoic acid (C13:0) was included in the solution as an internal

self-regulation of fatty acid synthesi)(Numerous studies have  standard. While stirring, 200L of acetyl chloride was slowly added.
demonstrated the seasonal variations of the biochemical com-Gjass sample tubes were tightly closed with Teflon-lined caps and
positions in bivalves from the viewpoint of marine animal subjected to methanolysis at 180 for 1 h. Tubes were weighed before
physiology @1,16—19). However, little attention has been paid and after heating to check leakages of volatile contents. After tubes
to the seasonality in the fatty acid compositions of the edible had been cooled in water, 5 mL of 6% aqueou€®; was slowly
portion of shellfish in terms of the nutritional quality of the added to stop the reaction and neutralize the mixture. The reaction
seafood. mixture was centrifuged, and an aliquot of benzene upper phase was

In the present study, fatty acid contents and compositions in ;ubjected to gas chromatography. All of these reactions were performed

12 species of shellfish consumed in Korea were investigated in " triplicate for each sample.
P 9 Analysis of methyl esters was performed by a GC-MSD (Hewlett-

Packard; GC-6890, MS-5987, DE) on a fused silica DB-Wax column
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Table 1. Types and Spawning Periods of Shellfish Commonly Consumed in Korea

class order family genus species common name local name spawning
Gastropoda Neogastropoda Muricidae Rapana venosa murex shell pibbulgodoong May-Aug
Bivalvia Arcoida Arcidae Scapharca broughtonii ark shell pijogae July—Oct
Tegillarca granosa granulated ark shell komak July—Sept
Mytiloida Mytilidae Mytilus coruscus hard-shelled mussel honghap March—June
Pinnidae Atrina (Servatrina) pectinata pen shell kijogae a
Pterioida Ostreidae Crassostrea gigas oyster gool July—Sept
Veneroida Mactridae Mactra veneriformis surf clam dongjook May—-Oct
Tellinidae Peronidia venulosa pink butterfly shell bidanjogae a
Pharellidae Sinonovacula constricta jack-knife clam garimatjogae Aug—Sept
Veneridae Cyclina sinensis Venus clam gamoorak June—Aug
Meretrix lusoria Orient hard clam baekhap July—-Oct
Ruditapes philippinarum little neck clam bagirak July—Aug

@ Information about spawning period was not available.

Table 2. Seasonal Variations of Total Fatty Acids (Grams per 100 g) in Shellfish?

species May June July Aug Oct Dec March Pr
murex shell 0.67c 2.94ab 1.04c 0.50c 3.80a 1.29¢ 1.88bc b
ark shell 0.91b 2.70a 1.47ab 0.97b 1.53ab 2.50a 0.49b **
granulated ark shell 1.63b 5.41a 2.89ab b 1.290 3.26ab 2.40b *
hard-shelled mussel 0.83e 4.77h 6.36a 1.66ed 2.78cd 3.32bc 2.96¢d b
pen shell 1.01abc 1.73abc 2.35a 0.31c 1.65abc 0.59bc 2.0lab *
oyster 2.27b 6.20a 2.78b 2.21b 4.28ab 4.92ab 5.65a *
surf clam 0.82bc 2.72a 2.22ab 0.66¢ 1.44abc 1.69abc 1.27hc *
pink butterfly shell 1.75b b 3.8la 0.82b 1.60b b 1.05b b
jack-knife clam 1.17a 2.94a 2.76a 0.67a 3.34a 2.50a 1.91a
Venus clam 1.32b 4.86a 2.83b 1.67b 2.08b 1.27b 1.35b *
Orient hard clam 1.12b 2.50ab 6.48a 0.92b 1.31b 0.95b 1.21b
little neck clam 0.36¢ 3.6la 2.14ab 0.72bc 1.43bc 1.26hc 1.78bc b

2 Total fatty acids were obtained by the summation of the contents of 23 fatty acids (The 23 identified fatty acids were mentioned under Results and Discussion). Values
represent means of triplicate. Means with the same letter within rows are not significantly different (p < 0.05). *, **, and *** represent significance at 0.05, 0.01, and 0.001,
respectively. ® Samples were not available in local markets.

Table 3. Seasonal Variations of Saturated Fatty Acids (S), Monounsaturated Fatty Acids (M), and Polyunsaturated Fatty Acids (P) in Shellfish?

species May June July Aug Oct Dec Mar Pr
murex shell S 44.8d 53.3ab 55.3a 51.3ab 46.3cd 50.0bc 44.4d b
M 19.8c 23.1b 25.7a 12.1d 19.8c 11.9d 22.2b ok
P 35.4ab 23.6¢ 19.0d 36.6ab 33.9ab 38.1a 33.5b b
ark shell S 35.6de 36.4cde 43.1ab 32.1e 39.1bcd 42.0abc 47.5a **
M 17.3b 22.6a 16.9b 23.5a 17.2b 16.7b 23.8a i
P 47.2a 41.1a 40.0a 44.4a 43.7a 41.3a 28.8b *
granulated ark shell S 36.0c 39.0bc 42.9bc b 54.9a 38.8bc 45.6b *
M 26.3ab 24.6b 24.3b 25.3ab 19.8¢c 27.5a ok
P 37.8a 36.4a 32.8ab 19.8¢c 41.5a 27.0bc *
hard-shelled mussel S 40.5ab 40.5ab 38.1bc 38.6ab 38.9ab 42.0a 34.8¢c *
M 24.8a 20.0cd 20.7¢ 18.7d 13.8e 18.3d 23.0b ik
P 34.7¢ 39.6b 41.2b 42.7h 47.3a 39.7b 42.3b *
pen shell S 41.4cd 47.5bc 42.3cd 53.6a 41.9cd 48.5ab 38.7d hd
M 13.6¢c 11.4d 17.9a 16.4a 12.0cd 14.2hc 16.0ab i
P 45.0ab 41.0ab 39.8ab 30.0c 46.1a 37.4b 45.3a b
oyster S 35.2ab 40.2a 38.7ab 38.3ab 39.9a 35.2ab 30.7b
M 16.2c 21.0ab 20.8ab 23.1a 20.2ab 16.7¢ 18.9bc *
P 48.7a 37.1b 40.6b 38.6b 40.0b 48.1a 50.4a b
surf clam S 40.2ab 41.6ab 43.1ab 45.3a 41.0ab 43.7ab 39.0b
M 21.0b 21.0b 21.4b 19.1c 19.9bc 18.8c 25.9a b
P 38.7a 37.4a 35.5a 35.7a 39.1a 37.5a 35.1a
pink butterfly shell S 35.6d b 40.3c 44.1b 45.5ab b 46.5a ik
M 25.0a 26.0a 20.6b 15.1c 16.0c b
P 39.4a 33.7c 35.3bc 39.4a 37.5ab *
jack-knife clam S 35.5b 37.8b 46.0a 50.0a 45.9a 47.4a 37.6b *
M 26.0ab 22.9abc 20.5bc 18.6¢c 27.4a 18.2c 26.1ab *
P 38.5a 39.3a 33.4ab 3l.4ab 26.7b 34.4ab 36.3a
Venus clam S 36.8a 38.5a 37.6a 40.3a 45.1a 41.8a 40.5a
M 24.8ab 26.0ab 19.7b 25.9ab 22.6b 19.8b 26.1ab *
P 38.3ab 35.5ab 42.7a 33.8b 32.3b 38.5ab 33.3b
Orient hard clam S 37.8d 50.6a 43.7hc 44.1hc 47.9ab 46.1b 41.2cd kk
M 22.6bc 22.8bc 25.6a 15.9d 23.8ab 14.1e 21.6¢ ok
P 39.6a 26.7b 30.7b 40.0a 28.3b 39.8a 37.2a ik
little neck clam S 49.0ab 45.0b 49.6ab 54.5a 53.8a 52.6a 38.3c ok
M 16.7hc 20.8a 22.0a 16.1bc 19.2ab 14.5¢ 22.1a *
P 34.3ab 34.2ab 28.4b 29.4b 27.1b 33.0ab 39.6a *

2 Values are proportions (%) to total fatty acids. Refer to Results and Discussion for the fatty acids within each group. Means with the same letter within rows are not
significantly different (p < 0.05). *, **, and *** represent significance at 0.05, 0.01, and 0.001, respectively. ® Samples were not available in local markets.
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Table 4. Seasonal Variations of Arachidonic Acid (A), Eicosapentaenoic Acid (E), and Docosahexaenoic Acid (D) in Shellfish?

species May June July Aug Oct Dec Mar Pr
murex shell A 8.4bc 8.7bc 8.8bc 9.1b 7.0c 11.6a 7.1c b
E 10.7a 7.8c 3.5d 9.3b 8.9hc 9.9ab 9.2b b
D 11.9ab 4.6¢c 2.3¢c 10.3b 13.7a 11.1ab 12.8ab ok
ark shell A 2.4c 2.3c 2.7c 1.9d 5.5a 2.5¢ 4.0b ok
E 20.5b 21.7b 10.4d 26.1a 10.9d 15.9c 5.9e b
D 20.5a 13.5b 22.3a 13.6b 24.9a 20.0a 12.4b o
granulated ark shell A 1.2bc 1.7b 3.3a b 1.7b 2.8a 1.0c ok
E 18.7a 15.9ab 12.2cd 9.4d 19.0a 13.8hc b
D 13.8a 15.6a 13.6a 6.3b 15.2a 9.5ab
hard-shelled mussel A 2.6c 2.6¢ 3.8b 4.3a 2.2d 1.5e 1.2e b
E 14.4bc 12.5d 13.4cd 14.5hc 14.3bc 17.7a 15.2b ok
D 14.5¢ 20.5b 19.6b 21.3b 29.0a 17.9bc 19.9b b
pen shell A 1.6d 2.8¢c 2.3cd 4.2a 3.7ab 3.0bc 2.7c hd
E 15.9a 12.90 14.2b 10.4¢ 10.5¢ 9.2c 13.2b Hx
D 25.4ab 25.3ab 21.0bc 15.4¢c 30.4a 25.1ab 24.5ab *
oyster A 1.1d 3.1b 2.6bc 2.7b 3.8a 2.2c 1.2d ik
E 15.3¢ 11.9d 11.0d 14.7¢ 16.4c 24.7a 21.4b i
D 28.7a 18.7b 22.7ab 17.0b 16.9b 17.8b 22.9ab *
surf clam A 1.8¢ 1.9¢c 2.6abc 2.3bc 3.1ab 34a 2.0c b
E 12.8cd 11.1d 11.4d 14.0bc 12.6cd 15.7ab 16.4a i
D 20.0a 19.2a 17.4a 16.8a 20.1a 15.6a 9.8b *
pink butterfly shell A 1.6¢ b 1.7¢c 34a 2.9b b 2.0c ok
E 19.3a 10.7b 9.7b 6.9c 7.7¢c b
D 15.0d 17.2¢ 18.1c 25.8a 22.7b ok
jack-knife clam A 1.9cd 1.8d 2.3bc 2.6b 2.2bcd 3.6a 2.1bcd ok
E 17.3a 12.8b 10.3bcd 7.2cd 11.1bc 6.3d 13.7ab b
D 14.4ab 20.1a 14.9ab 15.0ab 10.3b 19.7a 15.8ab *
Venus clam A 2.9bc 1.7¢c 3.7ab 2.0c 3.2bc 4.0ab 5.3a hd
E 15.8ab 11.2b 11.5h 13.0ab 17.0a 13.1ab 16.9a
D 15.6bc 18.1b 23.0a 13.8bc 8.3d 16.7b 11.7cd b
Orient hard clam A 2.7cd 3.2c 1.5e 4.8b 3.1c 6.8a 2.4d b
E 14.1a 8.6c 9.5bc 9.9bc 8.7c 8.9bc 10.3b ok
D 20.1ab 9.9d 16.1bc 22.3a 14.0cd 19.8ab 21.4a b
little neck clam A 2.2c 2.6bc 2.2c 4.1a 4.8a 3.2b 2.4hc kk
E 10.1b 9.1bc 9.9b 7.6d 5.0e 7.9cd 13.9a ok
D 19.0a 18.2a 12.5a 13.3a 15.1a 14.9a 19.0a

2 Values are proportions (%) to total fatty acids. Means with the same letter within rows are not significantly different (p < 0.05). *, **, and *** represent significance at
0.05, 0.01, and 0.001, respectively. ® Samples were not available in local markets.

Table 5. Seasonal Variations in the Ratio of Polyunsaturated Fatty Acids to Saturated Fatty Acids (P/S)?

species May June July Aug Oct Dec Mar Pr
murex shell 0.79a 0.48b 0.34b 0.70a 0.73a 0.79a 0.76a ik
ark shell 1.33ab 1.14abc 0.94c 1.38a 1.10abc 1.02bc 0.61d **
granulated ark shell 1.05a 0.94a 0.72ab b 0.37c 1.09a 0.59bc **
hard-shelled mussel 0.84c 0.99bc 1.09ab 1.11ab 1.20a 1.06hc 1.20a b
pen shell 1.09ab 0.86b 0.96ab 0.56¢ 1.12ab 0.79hc 1.19a **
oyster 1.39ab 0.89b 1.17ab 1.00b 0.99b 1.39ab 1.64a *
surf clam 0.96a 0.89a 0.80a 0.82a 0.94a 0.87a 0.90a
pink butterfly shell 1.11a b 0.83b 0.81b 0.87b b 0.81b ik
jack-knife clam 1.09a 1.05a 0.75hc 0.64c 0.58¢ 0.76bc 0.98ab **
Venus clam 1.05ab 0.93bc 1.15a 0.83bcd 0.72d 0.93bc 0.83cd **
Orient hard clam 1.05a 0.48¢c 0.71bc 0.91a 0.59¢c 0.87ab 0.91a ok
little neck clam 0.70b 0.75b 0.57b 0.54b 0.53b 0.67b 1.06a o

aMeans with the same letter within rows are not significantly different (p < 0.05). *, **, and *** represent significance at 0.05, 0.01, and 0.001, respectively. ® Samples
were not available in local markets.

and run in constant flow mode. Chromatographic conditions were as (i.e., spring, March-May; summer, June—August; fall, September—
follows: injection port temperature, 25C; detector temperature, 250  November; winter, December—February).

°C; initial oven temperature, 98C for 5 min, rising to 18C°C at 10 Statistical Analyses.The fatty acid content and composition are
°C/min with a hold time of 3 min, to 236C at 3 °C/min with a hold reported as the average of triplicates throughout the paper. Statistical
time of 3 min, to 245°C/min at 2°C/min, and then to 250C at 0.7 analysis in this study was performed using Duncan’s multiple-range

°C/min with a final hold time of 10 min. Each peak was identified by testin SAS (21).

comparison with the retention times of 35 known standards as well as

by their mass fragment patterns. Because saturated fatty acids showegREsyL TS AND DISCUSSION

higher GC-MSD response than unsaturated fatty acids, fatty acid

concentration was calculated from the standard curves of individual ~ Fatty acid composition and content were determined over four
fatty acids. Fatty acids were presented on a monthly basis, and fourseasons in 12 species of shellfish common in Kofiedole 1
seasons were defined following the criterion used in a nutrition survey lists the shellfish analyzed in this study, categorized according
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Table 6. Seasonal Variations in the Proportions of n—3 Fatty Acids and n—6 Fatty Acids and Their Ratios (R)?

species May June July Aug Oct Dec Mar Pr
murex shell n-3 23.4a 12.5b 6.1c 22.5a 23.6a 21.9a 22.5a ek
n—-6 12.0bc 11.1¢c 12.8bc 14.1ab 10.3c 16.2a 11.0c *
R 2.0ab 1.1d 0.5e 1.6bc 2.3a 1.4cd 2.1ab ok
ark shell n-3 42.1a 36.2ab 33.1b 40.5ab 36.3ab 36.8ab 19.1c ok
n-6 5.0c 4.9c 6.9b 4.0c 7.4b 4.5¢ 9.7a ok
R 8.4ab 7.5b 4.8¢c 10.2a 4.9¢ 8.2ab 2.0d Hxk
granulated ark shell n-3 34.0a 32.5ab 26.8ab b 16.1c 35.6a 24.0bc b
n-6 3.7bc 3.9b 6.0a 3.8bc 5.9a 3.0c b
R 9.2a 8.3ab 4.5¢ 4.3c 6.0bc 8.0ab b
hard-shelled mussel n-3 30.3c 34.5hc 34.4hc 36.6b 43.7a 36.2b 37.0b ok
n-6 4.4d 5.1c 6.8a 6.1b 3.7e 3.5e 5.3e b
R 6.9¢c 6.8¢c 5.1d 6.0c 11.9a 10.4b 7.0c ok
pen shell n-3 42.3a 38.2a 35.5a 25.8b 414a 34.4a 38.9a i
n-6 2.8¢c 2.8¢c 4.3b 4.2b 4.7h 3.0c 6.4a ok
R 15.3a 13.7a 8.2bc 6.1c 8.9bc 11.3ab 6.0c b
oyster n-3 45.0a 32.3b 35.9b 34.0b 34.1b 43.4a 46.0a o
n-6 3.8c 4.8b 4.7h 4.6b 5.8a 4.7h 4.5hc b
R 12.0a 6.8d 7.6cd 7.4cd 5.9d 9.2bc 10.3ab b
surf clam n-3 33.6a 32.5a 29.2a 3l.la 32.9a 31.3a 27.6a
n—-6 5.1b 4.9b 6.3ab 4.6b 6.2ab 6.2ab 7.6a *
R 6.6a 6.7a 4.6b 6.8a 5.3ab 5.1ab 3.7h b
pink butterfly shell n-3 35.0a b 28.7¢c 28.2¢ 33.2ab b 31.3b b
n-6 4.5b 5.0b 7.1a 6.2a 6.2a ok
R 7.8a 5.8b 4.0c 5.4b 5.1b ok
jack-knife clam n-3 32.6a 34.1a 27.5ab 25.6ab 22.1b 27.6ab 31.0ab
n-6 5.9ab 5.2bc 5.9ab 5.8b 4.7c 6.7a 5.4bc b
R 5.5ab 6.6a 4.7h 4.4b 4.7h 4.1b 5.8ab
Venus clam n-3 32.0ab 30.9ab 35.6a 28.5hc 25.8¢ 31.3ab 29.8hc *
n-6 6.3ab 4.6b 7.1ab 5.3b 6.5ab 7.2ab 10.4a
R 5.1b 6.7a 5.0b 5.4b 4.0bc 4.4hc 2.9¢c b
Orient hard clam n-3 34.5a 18.8e 26.7cd 33.6ab 22.9de 29.0bc 32.2ab ok
n-6 4.5cd 5.4bc 3.3d 6.3b 5.1bc 7.9a 4.9bc ok
R 7.6a 3.5d 8.0a 5.4bc 4.5¢cd 3.7d 6.6ab b
little neck clam n-3 29.9ab 28.6abc 23.0bcd 21.7cd 20.0d 23.8bcd 33.2a *
n-6 4.4e 5.6de 5.4de 7.7h 7.1bc 9.2a 6.3cd ok
R 6.8a 5.1ab 4.3bc 2.8¢c 2.8¢c 2.6c 5.3ab b

2 Values of n—3 fatty acids and n—6 fatty acids are proportions (%) to total fatty acids. R represents ratio of n—3 fatty acids to n—6 fatty acids. Means with the same
letter within rows are not significantly different (p < 0.05). *, **, and *** represent significance at 0.05, 0.01, and 0.001, respectively. ® Samples were not available in local
markets.

to the biological classification2@, 23). One species of Gas- some marine bivalves during the winter period of nutritional
tropoda and 11 species of Bivalvia were included. Twenty-three deficiency (17).
fatty acids, saturated fatty acids (SFA) C14:0, C15:0, C16:0, Fatty acid compositions are summarized into common fatty
C17:0, C18:0, C20:0, C22:0, and C24:0; monounsaturated fattyacid classes ifable 3. The percentage of MUFA was lowest
acids (MUFA) C16:1, C18:1(9), C18:1(13), C20:1, C22:1, and in most species throughout the year. The proportion of PUFAs
C24:1;n—3 PUFA C18:3, C20:3, C20:5, and C22:6; amd6 showed a minimum in summer and early autumn and a
PUFA C18:2, C18:3, C20:2, C20:3, and C20:4, were detected maximum in winter or early spring with a gradual change
in the shellfish. between, whereas SFAs showed the opposite pattern in most
In most species, clear seasonal changes in the contents oBpecies. It has been observed that low environmental temper-
total fatty acids were observed, ranging from 0.31 to 6.48 wt atures generally increased the degree of unsaturation for the fatty
% (Table 2). Total fatty acids are expected to show slightly acids in aquatic organisms (8).
lower values than total fat because the latter contains other lipid The fatty acid spectra in analyzed shellfish were typical of
components besides fatty acids, such as sterols, nonsaponifiablenarine animals, with the dominance of palmitic acid (C16:0),
hydrocarbons, and glycerol. However, it is plausible to substitute EPA (C20:5), and DHA (C22:6). Ackman and EatoR5)
seasonal changes of lipid with total fatty acids, because pointed out that palmitic acid was a key metabolite in fish. It
fluctuations in total lipid contents are caused predominantly by has been generally accepted that the typical predominance of
the variation in triglyceride X0). Total fatty acid contents EPA and DHA is an adaptation to the relatively low temperature
increased to maximum in early summer before spawning and of the marine environment, therefore contributing to the
decreased to minimum in late summer after spawning in most maintenance of cell membrane fluidity (146).
shellfishes except murex shell and ark sh&klfles 1and?2). The major SFAs were palmitic acid (18-34.5%) and stearic
This has been known as a typical pattern described for Bivalvia, acid (4.00—16.7%). Palmitic acid (C16:0) was prominent in all
because the reproductive activity was shown to dictate the shellfish, contributing to high percentage of SFAs in shellfish
seasonal cycles of energy storage and utilizatiy 17, 19, (30.7-55.3%). SFAs slightly increased before spawning in most
24). In murex shell and ark shell, the variations were biphasic. speciesTables 1and3). Because palmitic acid is not influenced
The total fatty acids in these two species increased again at theby diet and used as an energy source in shellfish, de novo
onset of winter and then decreased until spring. It may be synthesis of these fatty acids (C16:0 and C18:0) from the period
explained by the potential of fatty acids as an energy source in preceding the spawning has been suggest8®6). Lipids are
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the preferable substrates of bivalve mitochondria and oxidized acids ton—6 fatty acids; AA, arachidonic acid; EPA, eicosa-
much better than pyruvate or other metabolic intermedid®s (  pentaenoic acid; DHA, docosahexaenoic acid.

The major MUFAs were oleic acid (18A49) (1.43—9.01%)
and its positional isomer (18:1,A13) (1.94—8.93%). The prin- LITERATURE CITED
cipal PUFA were EPA (5.0—26.1%) and DHA (6.3—30.4%)
in all shellfish except murex shell. Murex shell, the only sample (1) Kinsella, J. E. Food component with potential benefits: rth8
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