
Comparative Biochemistry and Physiology Part B 123 (1999) 209–222

Comparison of the lipid class and fatty acid composition between
a reproductive cycle in nature and a standard hatchery

conditioning of the Pacific Oyster Crassostrea gigas

Philippe Soudant a,*, Karla Van Ryckeghem a, Yanic Marty b, Jeanne Moal c,
Jean François Samain c, Patrick Sorgeloos a

a Laboratory of Aquaculture & Artemia Reference Center, Uni6ersity of Ghent, Rozier 44, 9000 Gent, Belgium
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Abstract

The lipid composition of Crassostrea gigas was analyzed during the reproductive phase in natural as well as under artificial
conditions. The lipid content increased and accumulated in the gonads, but to a higher extend in the naturally conditioned
animals. The percentage of neutral lipid in total lipid of the gonad plus mantle was stable, high (\70%) and equal under both
conditions, underscoring that the lipid reserves were preferentially located in that organ. The composition of the polar lipid classes
was stable with little variations. The fatty acid (FA) composition of the neutral lipids in all organs is influenced by diet. However,
there is a different response according to organs. A high dietary impact occured in the digestive gland whereas the muscle was
less affected. The polyunsaturated fatty acid (PUFA) level of the neutral and polar lipids in the gonads changed little despite the
dietary conditions but the respective proportions of (n-3) and (n-6) PUFA differed drastically as a result of diet composition.
There was clear evidence in all organs for a specific accumulation of 22:6(n-3) and 20:5(n-3) in the polar lipids under both
conditioning diets. The proportions of 22:6(n-3) and 20:5(n-3) from neutral and polar lipids of oysters conditioned artificially were
significantly lower than of those that were naturally conditioned. © 1999 Elsevier Science Inc. All rights reserved.
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1. Introduction

Basic knowledge of the key aspects of mollusc repro-
duction in hatchery, including broodstock nutrition and
timing of the gametogenetic cycles, are lacking even for
the leading commercial species Crassostrea gigas.
Among the dietary components of the food given to
broodstock, lipids affect mostly the composition of the
eggs [9,30]. The lipids deposited in the eggs during
broodstock conditioning play a major role as an energy
source during embryonic and early larval development

[7,8]. Polyunsaturated fatty acids (PUFA) with 20 and
22 carbon atoms and more than three double bonds are
essential for survival and growth of molluscs [14,28,29].
The essential fatty acid composition of the broodstock’s
diet also influences the performance of the offspring
[2,3,9,22,23,30].

The objectives of this paper are: (1) to characterize
the processes of accumulation and transfer of essential
fatty acids under natural and standard hatchery condi-
tions; (2) to estimate the relative importance of those
nutrients that are stored prior to conditioning and
those derived directly from the broodstock’s diet; and
(3) to identify possible nutritional deficiencies in hatch-
ery conditioning. The lipid class and the fatty acid
composition of the polar and neutral lipids of muscle,
digestive gland and mantle plus gonad will be
examined.
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2. Material and methods

2.1. Broodstock conditioning

Three-year old oysters, reared on racks in the bay of
Marennes Oléron, were sampled from April 20th 1997
to July 9th 1997 during the natural reproductive period
every 2 weeks until the natural spawning. The tempera-
ture in the bay increased from 12 to 21°C during that
period of time. The reproductive cycle under hatchery
conditions (gametogenesis, spawning) was conducted
from April 20th 1997 to July 2th 1997 with broodstock
collected from the same origin as natural conditioning.

Three hundred oysters were divided between several
flat trays and placed into two raceways in a closed sea
water system.. The sea water tanks were drained and
refilled daily with sea water, passed through a sand
filter to remove particles greater than approximately 50
mm. The raceways and animals were also cleaned daily.
Oysters were conditioned in a closed system with air-
lifts to control the algal quality and quantity. Temper-
ature was maintained at 19°C after an initial
acclimation period of 3 weeks. The daily dry weight
algal supply was established at 6% of the mean dry
oyster flesh weight according to Utting et al. [31]. The
particles (B50 mm) that accumulated due to the daily
seawater change were negligible compared to the food
provided. Isochrysis affinis galbana, Tetraselmis suecica
and a diatom Chaetoceros calcitrans or Skeletonema
costatum were fed daily in equivalent dry weight quan-
tities. The algae used throughout the conditioning were
batch cultured for at least 6 days.

Digestive gland, muscle, and the gonad plus mantle
were isolated. The different organs from individual
animals were collected and three pools of five organs
were prepared for statistical purposes. Each pool was
weighed (wet weight) and ground in a Dangoumeau
grinder after freezing in liquid nitrogen at −196°C.
Samples for dry weight determination were placed in
pre-weighed aluminum cups, dried for 48 h at 80°C,
and weighed in a Mettler micro balance with a preci-
sion of 1 mg. Total lipids were extracted after freeze-
drying, according to the method of Folch et al. [6]
modified by Ways and Hanahan [33], dissolved into
chloroform/methanol (2:1) at a concentration of 10
mg/ml, and stored at −30°C until use.

2.2. Analysis of lipid classes

Lipid classes were separated by high-performance
thin layer chromatography (HPTLC) on HPTLC glass
plates (10×10 mm) pre-coated with silica gel 60 from
Merck (Darmstadt, Germany). All solvents were of
HPLC grade (C.R.B., Belgium).

A preliminary run was carried out to remove possi-
ble impurities using hexane/diethyl ether (1:1) and the

plate activated for 30 min at 110°C. Lipid samples in
the amount of 1.5 ml were spotted in 2 mm strokes
using a 5-ml Hamilton syringe. A double development
of the plate with two solvent systems was performed
according to Tocher and Harvie [26]. The first system
consisted of methyl acetate/iso-propanol/chloroform/-
methanol/KCl 0.25% (10:10:10:4:3.6) and separated the
polar lipid classes over a distance of 5.5 cm. The
neutral lipids moved as one band along with the sol-
vent front and were separated with a second solvent
system containing hexane/diethyl ether/acetic acid
(20:5:0.5). Lipid classes appeared as black spots after
dipping plates in a cupric sulfate phosphoric acid solu-
tion and heating for 20 min at 160°C (charring). Iden-
tification was based on standards (Nu-Chek-Prep,
USA, Avanti Polar Lipids, USA and Sigma–Aldrich,
Belgium) and coloring techniques. Quantification was
carried out with a Sharp color image scanner con-
nected to the software system ‘Image master’ (Pharma-
cia Biotech) that was equipped with a Kodak
calibration strip. Lipid classes were calculated as per-
centages of the total lipid as proposed by Olsen and
Henderson [16].

2.3. Separation of polar and neutral lipids

The separation of the total polar and neutral lipids was
carried out by micro-column liquid chromatography as
described by Marty et al. [15]. Total lipids were
evaporated to dryness and redissolved three times using
500 ml chloroform/methanol (98:2). Total neutral and
polar lipids were separated on a silica gel micro-column
(30×5 mm) using chloroform/methanol (98:2) and
methanol successively as eluting solvents. The separated
fractions were collected in tapering glass test tubes
containing 100 ml of internal standard 22:2(n-6) at a
concentration of 100 mg/ml.

2.4. Fatty acid composition of polar and neutral lipids

Fatty acid composition was determined using gas
chromatography. Fatty acid methyl esters (FAME)
from the neutral and polar lipid fractions were prepared
via an acid-catalyzed esterification procedure with a
mixture of 1% sulfuric acid in methanol at 50°C for 16
h. FAME were extracted with hexane/diethylether (1:1)
and, after evaporation of the solvents, redissolved in
iso-octane (1 mg/ml) for injection. Quantitative
determination was done by a Chrompack CP9001 gas
chromatograph equipped with an autosampler and a
temperature-programmable on-column injector. On-
column injections (1–2 ml) were performed into a polar
capillary column BPX70 (50 m×0.32 mm, 0.25 mm film
thickness, SGE Australia) connected to a 2.5-m methyl
deactivated pre-column. The carrier gas was H2, at a
pressure of 100 kPa with flame ionization detection
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used as the detection mode. The oven was programmed
to rise from the initial temperature of 85–150°C at a
rate of 30°C/min, from 150 to 152°C at 0.1°C/min, then
152–172°C at 0.65°C/min, next 172–187°C at 25°C/
min, and finally to stay at 187°C for 7 min. The injector
was heated from 85 to 190°C at 5°C/s and stayed at
190°C for 30 min. Identification was based on standard
reference mixtures (Nu-Chek-Prep, USA). Integration
and calculations were done on a computer with the
software program Maestro (Chrompack). The non-
methylene interrupted 22:2D7,13 and 22:2D7,15 were
named 22:2i and 22:2j, respectively.

2.5. Statistics

The data for dry weight, lipid content, neutral lipid
percentage, and fatty acid composition of the natural
and artificial conditionings were compared using the
Student’s t-test. Statistically significant differences were
marked ‘S’ in the column ‘sign.’ of the tables.

3. Results

3.1. Dry weight (Fig. 1)

The dry weight of the gonad plus mantle increased
during the first two months of conditioning and fol-
lowed the same pattern in nature as in the artificial
conditioning. However it differed (not statistically) at
the end of gametogenesis with final values of 1.44 and
1.00 g, respectively. The dry weight in the digestive
gland and in the muscle were stable over the period and
were similar for both conditionings.

3.2. Total lipid percentage (expressed as a percentage
of the dry weight, Fig. 2)

The total lipids in the gonad plus mantle tissue
samples displayed a different pattern according to the
method of conditioning The proportion of total lipid in
the course of artificial conditioning increased during the
first 6 weeks from 16 to 17.5%, and then stayed stable
until spawning. The percentage in nature increased
from 16 to 21% and was always higher than in the
artificially conditioned oysters. The total lipid percent-
age in the digestive gland of the artificially conditioned
animals increased strongly during the first 6 weeks
(from 14 to 17%), but dropped again to the initial level
in the next 4 weeks. The total lipid percentage under
natural conditions was stable during the 13 weeks of
maturation. The total lipid percentage in the muscle
was similar under both conditions and stable in the
course of gametogenesis. No statistically significant dif-
ferences in lipid content between the two conditioning
methods for all organs were observed at the end, before
spawning.

3.3. Neutral lipid percentage (expressed as the
percentage of fatty acids of the neutral lipids on total
fatty acids, Fig. 3)

The pattern of the neutral lipid percentage in the
gonad plus mantle was stable under both conditions.
However, the neutral lipid percentage of the digestive
gland increased under artificial conditions, especially
after 6 weeks. The final value was significantly higher
than that observed in nature. The neutral lipid percent-
age in muscle on the contrary increased over the course

Fig. 1. Dry weight of the three organs during gametogenesis (expressed in g DW per organ; natural conditioning: filled line, artificial conditioning:
dotted line; Mean, SD, n=3).
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Fig. 2. Total lipid percentage in the three organs (expressed as percentage of dry weight; natural conditioning: filled line, artificial conditioning:
dotted line; Mean, SD, n=3).

of gametogenesis in nature. The final value was statisti-
cally higher than that observed in the artificial
conditioning.

3.4. Neutral lipid class composition (Fig. 4)

The relative neutral lipid class amounts in the gonad
plus mantle were similar in the artificial and natural
conditions. The neutral lipid class pattern stayed stable
during the experimental period, except for triacylglyc-
erol (TAG) percentage that went from 51 in the initial
sample to 67% by the end of maturation. A mean value
of 12% sterols was found in the neutral lipids. The
neutral lipid class patterns in the digestive gland and in
the muscle were found to be stable in both natural and
artificial conditioning.

3.5. Polar lipid class composition (Fig. 4)

The patterns of the polar lipids of all three organs in
artificial broodstock conditioning were similar to the
ones under natural conditions. The polar lipids fluctu-
ated little, with mean phosphatidyl choline (PC) values
of 34%, phosphatidyl ethanolamine (PE) 25%, phos-
phatidyl inositol (PI)+ceramide amino ethylphospho-
nate (CAEP) 11%, and phosphatidyl serine (PS) 9.5%.

3.6. Fatty acid composition of neutral lipids

The initial fatty acid composition is shown in Table
1. The percentage of monounsaturated fatty acids
(MUFA) was significantly higher in all organs at the
end of the gametogenesis with artificially conditioned
oysters (Tables 2–4). There was a big difference within

polynsaturated fatty acids (PUFA) in the pattern of
(n-6) and (n-3) proportions between the two broodstock
conditioning methods (Tables 2–4). The proportion of
(n-3) PUFA decreased in the artificial conditioning by
about 5% in all organs. There was a correlative 5%
increase in (n-6) PUFA proportions (Fig. 5) as well.
The proportions of (n-6) and (n-3) PUFA remained
stable in the natural conditioning (Fig. 5). The final
values of (n-3) and (n-6) content were significantly
different between natural and artificial conditioned oys-
ter. As a consequence opposite trends in the (n-3)/(n-6)
ratios between the two groups of broodstock were
observed in all organs: the ratios changed from 6.2–7.2
at the beginning moved to 8.4–9.6 and to 2.1–2.8,
respectively, for the naturally and artificially condi-
tioned broodstocks. These values were significantly dif-
ferent at the end of conditioning (Tables 2–4).

The percentages of essential fatty acids 22:6(n-3) and
20:5(n-3) in the neutral lipids decreased during the
course of the artificial conditioning: 20:5(n-3) fell from
12.5, 13.7 and 12.3% to 8.4, 7.1 and 9.3%, 22:6(n-3)
from 12.3, 9.6 and 11.9% to 7.5, 7.8 and 8.2% in,
respectively, the gonad plus mantle, the digestive gland
and the muscle, respectively (Fig. 6). The proportion of
20:5(n-3) in nature increased slightly during the thirteen
weeks of maturation, whereas the proportion of 22:6(n-
3) tended to decrease (Fig. 6). The 22:6(n-3)/20:5(n-3)
ratio in the muscle and in the gonad plus mantle tended
to decrease with final values of 0.7 for the natural and
0.9 for the artificially conditioned oyster. The level in
the digestive gland was stable in nature (0.6), but
increased to 1.1 in artificial conditioning (Table 3).

The 20:5(n-3) levels in all three organs were signifi-
cantly different at the time of spawning between natu-
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rally and artificially conditioned oysters. However, the
level of 22:6(n-3) was significantly different in the go-
nad plus mantle and in the digestive gland (Table 4).

The proportion of 20:4(n-6) was similar in the three
organs under both conditions. The percentage of 22:2j
among non-methylene interrupted PUFA (NMI
PUFA) increased during the course of gametogenesis
in nature and was always higher compared to the
artificial conditioning.

3.7. Fatty acid composition of the polar lipids

A significant higher proportion of MUFA was
found in the gonad plus mantle and in the digestive
gland of the artificially conditioned oysters. The pro-
portion of (n-3) PUFA in the course of natural con-
ditioning, increased from 33 to 41% in the gonad plus
mantle, while it was stable in the digestive gland and
in the muscle (35 and 33%, respectively) at the end of
July. The proportion of (n-3) PUFA in the gonad
plus mantle remained stable (33%) under artificial
conditions, while it decreased in the digestive gland
and in the muscle from 34 to 30% and from 33 to
30.5%, respectively. The proportion of (n-6) PUFA
was stable at 4% in the gonad plus mantle and in the
muscle, and 4.5% in the digestive gland during natu-
ral conditioning On the contrary, the proportion of
(n-6) PUFA under artificial conditions increased from
4.5 to 9% in the gonad plus mantle, from 4.5 to
10.5% in the digestive gland, and to a lesser extend
from 4 to 6% in the muscle. The (n-3)/(n-6) ratio
increased from 7.1–7.9 to 8.5–9.9 in nature and de-
creased from 7.1–7.9 to 2.8–4.9 under artificial con-

ditions (Tables 2–4). In both cases, less important
variations were observed in the muscle. The differ-
ences in (n-3) and (n-6) content and their ratio were
statistically significant in all organs.

In the gonad plus mantle, proportions of 20:5(n-3)
and 22:6(n-3) increased significantly during gametoge-
nesis (+4% compared to the initial percentage) in
nature, while their respective levels remained stable
under artificial conditions. The percentage of 22:6(n-
3) in the digestive gland increased slightly and
reached similar final values under both conditions.
The percentage of 20:5(n-3) fell from 16 to 11% in
the artificially conditioned broodstock, while it re-
mained stable in nature. However, contrary to the
two previous organs, the percentage of 22:6(n-3) in
the muscle was higher than that of 20:5(n-3). The
levels of 22:6(n-3) and 20:5(n-3) changed little in ei-
ther of the two conditions. The differences observed
between the two conditionings at the time of spawn-
ing were all statistically significant, except for the
22:6(n-3) content in the muscle,

The level of 20:4(n-6) in the polar lipids was higher
than that of the neutral lipids. The percentage of
20:4(n-6) under natural conditions was appreciably
lower but more stable than under artificial conditions.
The proportion of 22:5(n-6) for artificial conditioning
increased greatly in the gonad plus mantle and in the
digestive gland, i.e. from 0.3 to 1.8% (six times) and
in the muscle from 0.4 to 1%. However, it remained
stable for oysters in the natural environment. As with
the neutral lipids, the proportion of 22:2j was higher
in the naturally conditioned oysters than in the artifi-
cially conditioned ones.

Fig. 3. Neutral lipid percentage of the organs (expressed as percentage of the total fatty acids, natural conditioning: filled line, artificial
conditioning: dotted line; Mean, SD, n=3).
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Fig. 4. Polar (left) and neutral (right) lipid class composition in the gonad plus mantle, the digestive gland and the muscle from natural (filled line)
and artificial (dotted line) conditioning (expressed as percentage of the total polar lipid and of total neutral lipid, respectively, Mean, SD, n=3).

4. Discussion

A constant increase in dry weight of the gonad plus
mantle was noticed under both conditions. The animals
that matured in nature, however, had more gonad plus
mantle tissue just before spawning than those condi-
tioned artificially. This corresponds to the terminal
phase of gametogenesis (spawning in nature occurred in
early August). The relatively low increase of dry weight
in the digestive gland and muscle during the same
period indicates that oysters spent most of their energy
in gametogenesis and little in somatic growth.

The weight increase of the gonad plus mantle
brought about an accumulation, or enrichment, of
lipids in absolute amounts, corresponding with the
female gametogenesis process. Lipid accumulation in

the oocytes, which is provided by the diet, is a common
process in the gametogenesis of bivalves and fish. These
lipids play a major role as membrane constituents and
reserve energy in embryonic development [5,7,8,27,34].

At spawning, the naturally conditioned oysters had a
higher lipid content. This could be explained by two
hypotheses: the developing oocytes in nature were
richer in lipids, or the gonad contained a larger number
of mature oocytes which suggests an advanced stage of
maturation in terms of lipid storage. A significant bet-
ter fecundity (P=0.05; 29.6 106 eggs/female for the
natural conditioning versus 17.6 106 eggs/female for
artificial conditioning), and a similar egg lipid content
corroborate the second hypothese.

The stable and high percentage of neutral lipids in
the gonad plus mantle underscores the facts that lipid
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Table 1
Fatty acid composition of the diet and of the polar and neutral lipids in the gonad+mantle (GR), the digestive gland (DG) and the muscle (MU)
at the start of the broodstock conditioninga

Diet Polar lipids% mol Neutral lipids

MU. GR G.DG.D MUGR

Mean S.D Mean S.D Mean S.D Mean S.D Mean S.DMean S.D

2.0 0.2 1.1 0.1 4.4 0.81.6 4.49.9 0.6 4.3 0.30.314:0
0.7 0.0 0.7 0.0 0.8 0.215:0 0.80.7 0.1 1.1 0.10.7 0.0

19.5 1.3 19.9 0.5 24.7 1.21.9 21.616:0 1.4 22.7 0.618.921.3
0.10.2 1.6 0.3 1.7 0.1 1.3 0.1 1.6 0.1 1.4 0.11.617:0

5.4 0.7 4.4 0.2 3.8 0.3 3.80.2 0.418:0 4.3 0.11.3 5.0

– – – – 0.5 0.116:1(n-9) 0.6– 0.1 1.1 0.2– –
1.6 0.4 0.9 0.0 4.3 0.20.5 5.016:1(n-7) 0.2 3.8 0.41.68.5

– 0.1 0.2 0.0 0.1 0.0 1.0 0.0 0.6 0.1 0.9 0.218:1(n-11) 0.3
1.9 0.2 1.3 0.1 5.0 0.20.8 5.613.4 0.4 6.0 0.618:1(n-9) 2.5

0.42.1 4.6 0.5 3.0 0.3 3.9 0.1 4.5 0.4 3.7 0.13.118:1(n-7)
0.1– 1.1 0.1 0.8 0.1 1.4 0.2 1.2 0.2 1.3 0.11.220:1(n-11)

0.4 0.1 1.1 0.5 – –0.2 –0.3 – 0.3 0.120:1(n-9) –
4.0 0.4 4.0 0.2 2.2 0.2 2.820:1(n-7) 0.1– 2.6 0.54.0 0.3

0.3 0.0 0.1 0.0 0.3 0.10.2 0.70.1 0.1 0.3 0.11.516:2(n-4)
5.5 0.0 0.3 0.1 1.0 0.2 0.7 0.0 0.9 0.0 0.6 0.116:3(n-4) 0.5

1.5 0.1 0.9 0.0 2.7 0.10.2 3.13.4 0.3 2.8 0.118:2(n-6) 1.7
0.0– 0.3 0.0 0.1 0.0 0.3 0.0 0.4 0.0 0.4 0.10.118:2(n-4)

0.1 0.0 0.1 0.0 0.3 0.018:3(n-6) 0.30.5 0.0 0.3 0.00.1 0.0
1.1 0.1 0.6 0.1 2.3 0.20.4 2.718:3(n-3) 0.3 2.4 0.41.34.1
2.9 0.2 1.2 0.1 4.5 0.318:4(n-3) 5.05.4 0.3 3.6 0.61.8 0.1
0.0 0.0 – – 0.1 0.0– 0.218:5(n-3) 0.0 – ––0.9

–– – – – – 0.1 0.0 – – – ––20:2i
0.1 0.0 0.1 0.0 0.9 0.00.0 0.8– 0.1 0.8 0.120:2j 0.2

0.0– 0.2 0.0 0.2 0.0 0.2 0.0 0.2 0.0 0.2 0.10.120:2(n-6)
0.2 0.0 0.120:3(n-6) 0.00.0 0.1 0.0 0.1 0.0 0.1 0.00.1 0.0
2.0 0.1 2.3 0.1 0.9 0.10.2 0.920:4(n-6) 0.1 1.4 0.12.10.7
0.6 0.0 0.2 0.0 0.5 0.020:4(n-3) 0.60.2 0.0 0.5 0.00.3 0.1

16.2 0.9 12.3 0.5 12.5 0.50.9 13.820:5(n-3) 0.9 12.3 0.115.610.4
0.10.0 0.8 0.1 0.4 0.0 0.8 0.1 0.9 0.1 0.7 0.10.621:5(n-3)

0.3 0.1 0.3 0.0 0.1 0.00.0 0.10.1 0.0 0.1 0.022:4(n-6) 0.2
0.2– 0.6 0.1 0.8 0.1 0.3 0.0 0.2 0.0 0.2 0.00.822:2i

3.4 0.0 3.3 0.4 1.7 0.2 1.622:2j 0.2– 1.5 0.13.5 0.4
0.3 0.0 0.4 0.0 0.2 0.00.1 0.022:5(n-6) 0.0 0.2 0.00.40.4
1.0 0.1 1.6 0.1 0.6 0.0 0.622:5(n-3) 0.10.1 0.6 0.01.0 0.0

12.1 1.3 17.3 0.5 12.3 1.2 9.60.3 0.822:6(n-3) 11.9 1.33.2 12.8

0.2– 0.7 0.0 0.8 0.1 0.2 0.1 0.3 0.0 0.6 0.30.816:0DMA
6.9 1.3 9.7 0.5 1.8 0.11.0 1.68.4 0.3 1.8 0.318:0DMA –

0.3– 1.1 0.3 1.9 0.1 0.2 0.1 0.3 0.0 0.3 0.01.520:1DMA

1.3 0.1 1.0 0.0 1.0 0.1 0.9 0.0 1.1 0.0T0. BR. – 1.2 0.1
29.5 2.5 28.4 0.8 35.6 2.21.4 32.728.2 1.9 34.6 0.6TO.SAT. 33.4
11.2 1.4 16.4 0.8 2.5 0.2 2.8TO.DMA 0.5– 3.1 0.513.9 1.3

13.7 0.7 11.1 0.2 18.4 0.613.3 20.91.2 0.5 20.4 0.423.1TO.MONO
0.712.4 2.2 0.3 2.4 0.4 5.4 0.3 6.2 0.3 7.4 0.82.8TO.(n-9)

10.2 0.6 7.8 0.5 10.4 0.4 12.30.5 0.510.7 10.0 0.68.6TO.(n-7)

36.7 1.1 44.2 2.4 43.2 0.6 42.5 2.3 42.8 2.2 40.8 0.9TO.POLY 43.3
0.9 0.1 1.2 0.1 1.3 0.1 2.0 0.1 1.3TO.(n-4) 0.27.1 0.8 0.1
4.5 0.1 4.2 0.1 4.5 0.20.1 4.8TO.(n-6) 0.4 5.0 0.24.75.1

33.9 2.4 33.2 1.0 32.8 1.9 32.4TO.(n-3) 1.824.5 31.3 1.132.9 0.8
4.1 0.1 4.2 0.5 3.1 0.3 2.60.6 0.1TO. NMI 2.5 0.0– 4.4

7.5(n-3)/(n-6) 0.64.8 7.9 0.3 7.3 0.3 6.8 0.2 6.2 0.57.1 0.2
0.7 0.1 1.4 0.1 1.0 0.10.0 0.70.8 0.0 1.0 0.122:6/20:5 0.3
0.2 0.022:5/20:4 0.20.5 0.0 0.3 0.0 0.0 0.0 0.2 0.00.2 0.0

a The results are expressed as percentages of total fatty acids of the fraction; Mean, SD, n=3.



P. Soudant et al. / Comparati6e Biochemistry and Physiology, Part B 123 (1999) 209–222216

Table 2
Fatty acid composition of the polar and neutral lipids in the gonad+mantle at the end of the natural and artificial broodstock conditioninga

% mol Neutral lipidsPolar lipids

Artificial Sign. NatureNature Artificial Sign.

S.D. Mean S.D. Mean S.D.Mean Mean S.D.

0.2 1.9 0.214:0 8.21.3 0.3 9.5 0.8
0.0 0.4 0.015:0 0.70.4 0.0 0.5 0.0 S
0.7 16.6 0.1 24.414.2 0.516:0 24.6 0.1

1.717:0 0.0 1.5 0.3 1.0 0.1 0.8 0.0 S
0.1 3.9 0.1 3.74.2 0.118:0 3.3 0.1 S

– – –16:1(n-9) 0.3– 0.0 0.5 0.0
0.1 1.2 0.1 5.21.2 0.316:1(n-7) 5.0 0.4

18:1(n-11) 0.6 0.1 0.5 0.0 0.3 0.0 0.3 0.1
0.2 3.0 0.4 S 2.40.9 0.118:1(n-9) 6.6 0.2 S

2.118:1(n-7) 0.3 2.8 0.3 4.0 0.2 4.3 0.0
20:1(n-11) 1.9 0.1 1.6 0.1 S 0.8 0.0 0.7 0.1 S

0.1 0.6 0.0 S 0.40.5 0.120:1(n-9) 0.3 0.0 S
0.2 3.1 0.0 2.720:1(n-7) 0.14.3 1.9 0.0 S

0.0 0.0 0.016:2(n-4) 0.50.0 0.0 0.3 0.0 S
16:3(n-4) 0.0 0.0 – – 0.1 0.0 0.1 0.0 S

0.1 3.5 0.5 S 1.50.6 0.118:2(n-6) 6.5 0.2 S
0.318:2(n-4) 0.0 0.2 0.0 S 0.5 0.0 0.3 0.0 S

0.0 0.2 0.0 S18:3(n-6) 0.20.1 0.0 0.6 0.0 S
0.1 1.8 0.4 S 2.20.8 0.118:3(n-3) 4.2 0.1 S
0.2 2.0 0.3 5.818:4(n-3) 0.21.6 4.9 0.2
0.0 – – –0.2 –18:5(n-3) 0.0 0.0

–20:2i – – – – – – –
0.0 0.3 0.0 S 0.90.6 0.120:2j 0.8 0.1

0.220:2(n-6) 0.0 0.3 0.0 S 0.2 0.0 0.3 0.0 S
0.0 0.1 0.0 S20:3(n-6) 0.20.2 0.0 0.3 0.0 S
0.0 2.7 0.0 S 1.02.3 0.020:4(n-6) 0.8 0.1
0.1 0.1 0.0 S 0.620:4(n-3) 0.00.5 0.4 0.0 S
0.5 13.7 0.1 S 13.719.9 0.320:5(n-3) 8.4 0.4 S

0.821:5(n-3) 0.0 0.4 0.1 1.0 0.1 0.7 0.2
0.0 0.2 0.0 0.10.2 0.022:4(n-6) 0.1 0.0

0.922:2i 0.1 1.4 0.2 S 0.3 0.0 0.4 0.0 S
0.4 3.6 0.4 2.5 0.222:2j 1.65.1 0.0 S
0.0 1.8 0.1 S 0.20.4 0.022:5(n-6) 0.6 0.0 S
0.1 0.9 0.0 S 0.822:5(n-3) 0.01.5 0.3 0.0 S
0.6 14.5 0.1 S 10.116.5 0.122:6(n-3) 7.5 0.1 S

0.416:0DMA 0.0 0.3 0.0 0.0 0.0 0.0 0.0
0.7 11.4 1.7 1.410.6 0.318:0DMA 0.3 0.3

1.420:1DMA 0.1 1.6 0.1 0.3 0.0 0.1 0.0

0.2 0.7 0.1 S 0.8 0.1 0.9 0.0T0. BR. 0.5
1.0 24.7 0.1 38.322.3 0.7TO.SAT. 39.0 0.5
0.7 13.5 1.7 1.9TO.DMA 0.312.7 0.8 0.5

0.6 13.0 0.6 STO.MONO 16.211.5 0.2 19.7 0.4 S
1.4TO.(n-9) 0.2 3.6 0.3 S 3.1 0.1 7.4 0.1 S

0.4 7.1 0.2 11.97.6 0.2TO.(n-7) 11.2 0.4 S

TO.POLY 53.1 1.0 48.1 1.0 S 42.7 0.3 39.4 0.4
0.0 0.2 0.0 S 1.2 0.1 0.7 0.0TO.(n-4) S0.4
0.1 9.0 0.5 S 3.44.1 0.0TO.(n-6) 9.2 0.1 S
0.5 33.1 0.9 S 33.2TO.(n-3) 0.140.9 25.6 0.3 S
0.6 5.3 0.5 3.76.6 0.2TO. NMI 2.9 0.1

0.4 3.7(n-3)/(n-6) 0.19.9 S 9.6 0.1 2.8 0.1 S
0.0 1.1 0.0 S 0.70.8 0.022:6/20:5 0.9 0.0 S
0.0 0.7 0.022:5/20:4 S0.2 0.2 0.0 0.8 0.1 S

a The results are expressed as percentages of total fatty acids of the fraction; Mean, SD, n=3.
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Table 3
Fatty acid composition of the polar and neutral lipids in the digestive gland at the end of the natural and artificial broodstock conditioninga

Polar lipids Neutral lipids

Nature Artificial Sign.Sign.Nature% mol Artificial

S.D. Mean S.D. MeanMean S.D.S.D. Mean

0.3 S 7.4 0.60.2 10.41.9 1.3 S2.714:0
0.0 0.7 0.115:0 0.40.5 0.0 S0.1 0.5
0.5 22.4 0.2 17.616.3 1.116:0 S1.016.3

0.0 1.4 0.3 S 1.2 0.1 0.6 0.32.017:0
0.1 S 3.9 0.1 2.84.5 0.318:0 S5.6 0.1

– 0.4 0.116:1(n-9) 0.5– 0.0– –
0.1 6.4 0.2 4.21.4 0.216:1(n-7) S0.11.9

0.4 0.3 0.1 0.3 0.0 0.2 0.018:1(n-11) 0.1
0.3 S 2.5 0.1 10.44.2 0.71.1 S18:1(n-9) 0.1

3.83.8 0.0 4.3 0.1 4.2 0.10.318:1(n-7)
0.1 1.5 0.0 S 0.8 0.1 0.7 0.11.820:1(n-11)

0.0 S 0.2 0.0 0.50.9 0.00.0 S20:1(n-9) 0.5
0.2 S 3.0 0.1 2.420:1(n-7) 0.35.0 S0.1 3.6

0.0 0.9 0.10.0 0.40.0 0.0 S0.016:2(n-4)
0.2 – – 0.0 0.0 0.1 0.016:3(n-4) 0.0

0.2 S 1.5 0.0 8.84.3 0.40.8 S18:2(n-6) 0.1
0.20.4 0.0 S 0.6 0.0 0.3 0.0 S0.018:2(n-4)

0.0 S 0.2 0.018:3(n-6) 0.70.1 0.0 S0.0 0.3
0.0 S 2.0 0.0 4.51.9 0.218:3(n-3) S0.10.9
0.1 S 5.3 0.1 6.118:4(n-3) 0.52.0 S0.1 2.5
– – – 0.0– 0.018:5(n-3) 0.00.4

–– – – – – ––20:2i
0.0 S 0.8 0.1 0.50.2 0.10.4 S20:2j 0.0

0.60.3 0.1 S 0.3 0.0 0.6 0.1 S0.020:2(n-6)
0.020:3(n-6) S0.2 0.2 0.0 0.3 0.0 S0.0 0.3
0.0 S 1.1 0.1 1.03.1 0.120:4(n-6) S0.12.2
0.0 S 0.6 0.1 0.520:4(n-3) 0.00.5 S0.0 0.3
0.2 S 15.1 0.7 7.110.8 0.920:5(n-3) S0.116.7
0.0 S 0.9 0.1 0.521:5(n-3) 0.00.8 S0.0 0.4
0.0 0.1 0.0 0.10.2 0.00.0 S22:4(n-6) 0.2
0.0 S 0.3 0.0 0.522:2i 0.00.8 S0.0 1.4
0.1 S 2.3 0.1 1.53.9 0.222:2j S0.35.4

22:5(n-6) 0.00.4 S 0.2 0.0 1.0 0.1 S0.0 1.9
0.1 S 0.7 0.1 0.30.7 0.022:5(n-3) S0.11.2
0.0 S 9.6 0.3 7.822:6(n-3) 0.513.9 S0.5 13.4

0.0 0.0 0.00.3 0.00.2 0.00.216:0DMA
9.08.6 0.2 S 1.0 0.2 0.7 0.1 S0.618:0DMA

0.1 0.2 0.0 0.11.6 0.01.1 S0.120:1DMA

0.8 0.8 0.1 1.4 0.1 0.7 0.0T0. BR. 0.1
1.3 25.9 0.5 S 36.0 0.8 32.1 0.5 STO.SAT. 26.7

0.4 S 1.5 0.2 1.011.3 0.10.7 S10.3TO.DMA

0.2 S 18.0 0.3TO.MONO 23.214.5 0.8 S0.2 15.7
0.3 S 3.2 0.2 11.45.1 0.8TO.(n-9) S0.11.5

8.710.7 0.0 13.6 0.3 10.8 0.2 S0.3TO.(n-7)

0.0 42.8 1.00.9 42.7TO.POLY 0.346.247.6
0.6 0.2 0.0 S 1.5 0.1 0.7 0.0 STO.(n-4) 0.0

0.2TO.(n-6) S4.1 3.5 0.0 12.5 0.5 S0.1 10.5
0.1 S 33.4 1.0 26.329.5 0.7TO.(n-3) S0.535.1

5.66.6 0.0 S 3.4 0.1 2.6 0.2 S0.4TO. NMI

0.1 S 9.6 0.3 2.1 0.1 S(n-3)/(n-6) 8.5 0.1 2.8
0.0 S 0.6 0.0 1.11.2 0.20.022:6/20:5 0.8
0.0 S22:5/20:4 0.20.2 0.0 1.0 0.2 S0.0 0.6

a The results are expressed as percentages of total fatty acids of the fraction; Mean, SD, n=3.
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Table 4
Fatty acid composition of the polar and neutral lipids in the muscle at the end of the natural and artificial broodstock conditioninga

% mol Neutral lipidsPolar lipids

Artificial Sign. NatureNature Artificial Sign.

S.D. Mean S.D. Mean S.D.Mean Mean S.D.

0.1 2.1 0.5 S14:0 7.61.2 0.9 8.0 0.3
0.0 0.7 0.1 S15:0 0.80.6 0.1 0.7 0.0
0.8 19.8 0.4 S 22.618.1 1.316:0 22.6 1.3

2.317:0 0.3 1.9 0.2 1.2 0.0 1.2 0.1
0.0 4.8 0.2 4.15.0 0.218:0 4.2 0.2

– – –16:1(n-9) 0.6– 0.1 0.9 0.3
0.0 1.3 0.1 S 4.61.5 0.716:1(n-7) 4.1 0.3

18:1(n-11) 0.6 0.2 0.5 0.1 0.3 0.1 0.4 0.0
0.1 1.6 0.2 S 2.60.7 0.118:1(n-9) 6.6 0.2 S

2.318:1(n-7) 0.5 2.8 0.1 S 3.9 0.0 4.3 0.3 S
20:1(n-11) 1.3 0.0 1.2 0.1 S 0.9 0.1 0.8 0.1

0.1 2.3 0.2 S 0.52.0 0.120:1(n-9) 0.6 0.1 S
0.1 4.3 0.4 S 3.820:1(n-7) 0.45.0 2.7 0.2

0.0 0.0 0.016:2(n-4) 0.50.1 0.1 0.2 0.1 S
16:3(n-4) 0.1 0.0 – – S 0.3 0.1 0.1 0.1

0.0 1.7 0.0 S 1.50.5 0.018:2(n-6) 6.0 0.2 S
0.318:2(n-4) 0.0 0.2 0.0 S 0.6 0.0 0.4 0.0 S

0.0 0.1 0.0 S18:3(n-6) 0.20.1 0.0 0.5 0.0 S
0.1 0.9 0.0 S 1.90.6 0.118:3(n-3) 3.7 0.5 S
0.1 1.1 0.1 4.918:4(n-3) 0.31.2 4.4 0.5
0.0 – – S –0.2 –18:5(n-3) 0.0 0.0

–20:2i – – – – – – –
0.0 0.2 0.0 S 0.80.2 0.120:2j 0.7 0.0 S

0.320:2(n-6) 0.1 0.4 0.1 S 0.3 0.0 0.4 0.1 S
0.0 0.1 0.020:3(n-6) 0.20.1 0.0 0.2 0.0
0.1 2.6 0.1 S 1.52.3 0.220:4(n-6) 1.4 0.1
0.0 0.1 0.0 0.620:4(n-3) 0.00.2 0.3 0.1 S
0.2 10.8 0.4 S 14.513.3 0.720:5(n-3) 9.3 0.4 S

0.521:5(n-3) 0.0 0.3 0.0 S 0.9 0.0 0.6 0.1 S
0.0 0.3 0.0 0.10.3 0.022:4(n-6) 0.1 0.0

0.922:2i 0.1 1.2 0.1 S 0.3 0.0 0.4 0.0 S
0.2 3.9 0.1 S 2.6 0.222:2j 1.64.5 0.1 S
0.0 1.0 0.1 S 0.20.4 0.022:5(n-6) 0.7 0.1 S
0.1 1.5 0.1 0.822:5(n-3) 0.11.7 0.4 0.0 S
0.2 16.0 0.4 10.316.2 1.022:6(n-3) 8.2 1.1

0.016:0DMA 0.0 0.7 0.1 0.1 0.0 0.1 0.0
1.3 9.4 1.3 S 1.311.2 0.218:0DMA 0.8 0.2

2.220:1DMA 0.4 1.9 0.4 0.3 0.1 0.1 0.0

0.1 0.9 0.1 0.9 0.1 1.1 0.2T0. BR. 0.8
1.1 29.8 1.2 S 36.727.7 1.8TO.SAT. 37.3 1.2
1.7 12.7 1.6 S 1.9TO.DMA 0.214.0 1.4 0.2

0.5 14.1 0.8TO.MONO 17.213.6 0.2 20.4 0.4 S
2.7TO.(n-9) 0.1 3.9 0.4 S 3.6 0.1 8.1 0.3 S

0.4 8.4 0.5 12.38.8 0.4TO.(n-7) 11.1 0.3 S

TO.POLY 43.9 0.6 42.5 0.5 S 43.2 1.9 39.6 1.0
0.0 0.2 0.1 S 1.4 0.1 0.6 0.1TO.(n-4) S0.4
0.1 6.3 0.2 S 3.93.9 0.3TO.(n-6) 9.3 0.2 S
0.3 30.5 0.7 S 33.0TO.(n-3) 1.533.2 26.3 0.8 S
0.2 5.2 0.2 3.75.7 0.2TO. NMI 2.7 0.1 S

0.2 4.9(n-3)/(n-6) 0.28.5 S 8.4 0.2 2.8 0.1 S
0.0 1.5 0.1 S 0.71.2 0.022:6/20:5 0.9 0.1
0.0 0.4 0.022:5/20:4 S0.2 0.1 0.0 0.5 0.0 S

a The results are expressed as percentages of total fatty acids of the fraction; Mean, SD, n=3.



P. Soudant et al. / Comparati6e Biochemistry and Physiology, Part B 123 (1999) 209–222 219

reserves were preferentially located in that organ. The
TAG percentage increased during this gametogenesis in
the gonad plus mantle, which seemed to reach a plateau
by the end of May (after 5–6 weeks of conditioning). In
many marine species [20], the maturation of oocytes is
accompanied with an accumulation of TAG. The com-
position of the neutral lipid classes within the neutral
lipid fraction of all organs was similar under both types
of conditioning. However, the polar lipid classes re-
mained stable and seemed to be unaffected by condi-
tioning methods. The partition of the polar lipid classes
was in accordance with data found by Kostetsky and
Sergeyguk [13] in different organs of several molluscs

species, with PC being the most abundant lipid class
followed by PE, PS and PI. Polar lipid classes, the
structural components of the membranes, are consid-
ered to vary little and to be independent of external
parameters and nutritional changes [18,23,28]. This sta-
bility in lipid class composition of phospholipids, de-
spite different dietary conditions, probably reflects the
necessity to stabilize structural components and corrob-
orates results obtained with Pecten maximus [23,24].

There were significant differences, dependent on the
method of conditioning, in the proportions of fatty acid
categories in the neutral lipids of all organs. The pro-
portion of MUFA was higher in artificially conditioned

Fig. 5. Comparison of the polar (left) and neutral (right) lipid (n-3) and (n-6) PUFA contents of gonad plus mantle, digestive gland and muscle
from natural (filled line) and artificial (dotted line) conditioning (expressed as percentage of the total fatty acid in polar or neutral lipids; Mean,
SD, n=3).
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Fig. 6. Comparison of the polar (left) and neutral (right) lipid 22:6(n-3) and 20:5(n-3) contents of gonad plus mantle, digestive gland and muscle
from natural (filled line) and artificial (dotted line) conditioning (expressed as percentage of the total fatty acid in polar or neutral lipids; Mean,
SD, n=3).

proportions of (n-3) and (n-6) PUFA between the two
broodstock conditions in the polar lipids. The necessity
to maintain a high ratio of (n-3)/(n-6) in marine fish has
been found to be important for survival and growth
[19]. Therefore, the low ratio which was observed in
artificially conditioned oysters could have an impact on
membrane functions.

There was evidence of a specific accumulation of
20–22 carbon PUFA under both broodstock conditions
in the polar lipids. The amounts of 22:6(n-3) and
20:5(n-3) were higher in the polar than in the neutral
lipids. This preferential incorporation of 22:6(n-3) and
20:5(n-3) occurred irrespective of their levels in the diet

oysters probably as a result of differences between diet
composition in nature and in the hatchery. The fatty
acid composition of the neutral lipids in marine mol-
luscs is considered to reflect that of the diet
[4,9,22,23,30]. The impact of the diet differed from one
organ to another. There was a high variation in the
digestive gland, whereas the composition of the muscle
was less affected. The dietary impact was also revealed
in the polar lipids, but in a lesser extent than in the
neutral lipids.

The artificial diet changed the respective proportions
of (n-3) and (n-6) PUFA drastically in the artificially
conditioned animals. Differences were found in the
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and was also found in Pectinids, but to a higher de-
gree [4,22]. The proportions of 22:6(n-3) and 20:5(n-3)
in the polar lipids from the muscle were the most
regulated in all studied organs of the oyster. This is
probably a consequence of the low turnover of
PUFA in the muscle cell membranes. The ratio
22:6(n-3)/20:5(n-3) in C. gigas was lower than that of
P. maximus, suggesting that the essential fatty acid
requirement could differfrom one bivalve species to
another. In comparing the two methods of condition-
ing broodstock, the percentages of 22:6(n-3) and
20:5(n-3) with artificial conditioning were significantly
lower than those in nature. The differences are even
more drastic for 20:5(n-3) than for 22:6(n-3). High
levels of 22:6(n-3) have been associated with a better
hatching rate in P. maximus [21,23]. This suggests
that it is possible that 22:6(n-3) plays a major role at
structural and functional level of cell membranes in-
volved in oogenesis and embryogenesis [22,23]. The
specific role of 20:5(n-3) in previous studies has been
related to energetic functions. An energy-yielding uti-
lization of 20:5(n-3) has been suggested during em-
bryogenesis in Crassodoma gigantea [34] and in P.
maximus larvae [3,21].

Polar lipids contained more 20:4(n-6) than neutral
lipids, and for all three organs higher levels were
found in artificially conditioned oysters compared to
those naturally conditioned. This fatty acid is a major
precursor of prostaglandins, which influences the re-
production process in molluscs [17]. It is possible that
changes in polar lipids could affected the production
of eicosanoids such as prostaglandins [10].

The newly synthesized fatty acid, 22:2j (NMI
PUFA) [1], was found in a higher proportion in the
natural broodstock than with artificially conditioned
broodstock. This suggests that its biosynthesis could
be influenced by the type of conditioning. This cre-
ates a possible implication in the process of gonadal
maturation which remains to be elucidated. Zhukova
[35] claims that this PUFA is synthesized starting
from 16:1(n-7). Thompson and Harrison [25] proved
that the level of 22:2j in total lipids was correlated
with the level of 16:1(n-7) in the larvae of C. gigas.
This suggests that the synthesis of 22:2j is stimulated
by the presence of 16:1(n-7) in the diet and more
specifically in the neutral lipids.

The proportions of NMI PUFA in all three organs
were higher in the polar than in the neutral lipids.
This has previously been demonstrated before by
Watanabe and Ackman [32], and by Jeong et al. [11].
It has also been suggested that NMI PUFA could
play a role in the substitution of some essential FA
like 20:5(n-3), 22:6(n-3) and 20:4(n-6). Klingensmith
[12] observed an inverse relation between the level of
22:2j and PUFA in the polar lipids. This was not
observed in this present study.

The observed change in (n-6)/(n-3) ratio for artifi-
cially conditioned broodstock could be a result of the
use of T. suecica and T-Isochrysis in the diet as these
algae are richer in (n-6) fatty acids than the diatom
species which was used to condition broodstock in
this study. The (n-3) PUFA of the two latter algae
was found to contain a lot of 18:3(n-3) and 18:4(n-3)
which cannot be converted by the oysters into 20:5(n-
3) and 22:6(n-3) [14,28]. This could explain the lower
accumulation of 20:5(n-3) and 22:6(n-3) in the gonads
of hatchery conditioned broodstock than in nature, as
well as the increase of percentage of total lipid in
digestive gland.

These results underline the importance of the diet
quality on the processes of storage and transfer to
membranes of essential fatty acids. The hatchery diet
can be enriched in (n-3) polyunsaturated fatty acids,
especially in 20:5(n-3) to mimic the natural diet. At
the same time, the supply of (n-6) via T. suecica and
T-Isochrysis should be limited to provide a good (n-
3)/(n-6) ratio.
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de doctorat, Université de Bretagne Occidentale, 1992;201 pp.

[4] Delaunay F, Marty Y, Moal J, Samain JF. The effect of
monospecific algal diets on growth and fatty acid composition of
Pecten maximus (L.) larvae. J Exp Mar Biol Ecol 1993;173:163–
79.

[5] Falk-Petersen S, Falk-Petersen IB, Sargent JR, Haug T. Lipid
class and fatty acid composition of eggs from the Atlantic
halibut (Hippoglossus hippoglossus). Aquaculture 1986;52:207–
11.

[6] Folch J, Lees M, Sloane Stanley GH. A simple method for the
isolation and purification of total lipids from animal tissues. J
Biol Chem 1957;266:497–509.

[7] Gallager SM, Mann R. Growth and survival of larvae of Merce-
naria mercenaria (L.) and Crassostrea 6irginica (Gmelin) relative



P. Soudant et al. / Comparati6e Biochemistry and Physiology, Part B 123 (1999) 209–222222

to broodstock conditioning and lipid content of eggs. Aquaculture
1986;56:105–21.

[8] Helm MM, Holland DL, Stephenson RR. The effect of supple-
mentary algal feeding of a hatchery breeding stock of Ostrea edulis
L. on larval vigour. J Mar Biol Ass UK 1973;53:673–84.

[9] Helm MM, Holland DL, Utting SD, East J. Fatty acid composi-
tion of early non-feeding larvae of the European flat oyster, Ostrea
edulis. J Mar Biol Ass UK 1991;71:691–705.

[10] Holland DL. The role of eicosanoids in oocyte maturation in the
scallop Pecten maximus. EC Period report VIII, Final Report,
1993.

[11] Jeong BY, Ohshima T, Koizumi C. Changes in fatty chain
compositions of ether and ester glycerophospholipids of Japanese
Oyster Crassostrea gigas during frozen storage. Nippon Suisan
Gakk 1990;57(3):561–70.

[12] Klingensmith JS. Distribution of methylene and non-methylene
interrupted dieonic fatty acids in polar lipids and triacylglycerols
of selected tissue of the hardshell clam (Mercenaria mercenaria).
Lipids 1982;17:976–81.

[13] Kostetsky EY, Sergeyguk NN. Phospholipids and their plasmalo-
gen form in the muscle tissue of marine invertebrates. Zh Evol
Biokhim Fiziol 1985;21:235–41.

[14] Langdon CJ, Waldock MJ. The effect of algal and artificial diets
on the growth and fatty acid composition of Crassostrea gigas
spat. J Mar Biol Assoc UK 1981;62:431–48.

[15] Marty Y, Delaunay F, Moal J, Samain JF. Change in the fatty
acid composition of Pecten maximus (L.). J Exp Mar Biol Ecol
1992;163:221–34.

[16] Olsen RE, Henderson RJ. The rapid analysis of neutral and polar
marine lipids using double-development HPTLC and scanning
densitometry. J Exp Mar Biol Ecol 1989;129:189–97.

[17] Osada M, Nishikawa T, Nomura T. Involvement of
prostaglandins in the spawning of the scallop, Patinopecten
yessoensis. Comp Biochem Physiol 1989;94C:595–601.

[18] Pollero RJ, Re MR, Brenner RR. Seasonal changes of the lipids
of the mollusc Chlamys tehuelcha. Comp Biochem Physiol
1979;64A:257–63.

[19] Sargent JR, Bell JG, Bell MV, Henderson RJ, Tocher DR. The
metabolism of phospholipids and polyunsaturated fatty acids in
fish. In: Lahlou B, Vitiello P, editors. Aquaculture: Fundamental
and Applied Research, vol. 43. Washington DC: Coastal and
Estuarine Studies American Geophysical Union, 1993:103–24.

[20] Sargent JR. Origins and functions of eggs lipids: nutritional
implications. In: Bromage NR, Roberts RJ, editors. Broodstock
Management and Egg Larval Quality. Cambridge: Blackwell
Science, 1995:353–73.

[21] Soudant P. Les phospholipides et les stérols des géniteurs et des
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