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Abstract The fatty-acid composition of lipids from
ovulated eggs of wild and cultured turbot was investi-
gated in order to estimate the nutritional requirements
during embryonic and early larval development. Lipid
comprised 138 +0.5% (=235 and 1324+0.7%
(n="7) of the egg dry weight in wild and cultured
turbot, respectively. Polyunsaturated fatty acids
(PUFA) of the (n-3) series accounted for 39% of total
fatty acids in total lipid of both wild and cultured fish.
The predominant (n-3) PUFA was docosahexaenoic
acid (22:6 n-3), which also was the most abundant fatty
acid in turbot eggs and comprised 24 and 23% of the
total egg fatty acids in wild and cultured fish, respec-
tively. Phospholipids, triacylglycerols and choles-
terol-wax esters of turbot eggs all exhibited a specific
fatty-acid profile distinctly different from that of total
lipid. The general pattern of the fatty-acid distribution
in lipids of eggs from wild and cultured turbot was
similar, but the relative amount of 18:2(n-6) was con-
siderably higher and 20:1(n-9) slightly higher in cul-
tured fish. These differences were extended to all lipid
classes and probably reflect the dietary intake of certain
vegetable and marine fish oils. Calculations based on
light microscopical studies showed that 55 to 60% of
the total lipids in cultured turbot eggs are confined to
the oil globule. The size of the oil globule remained
constant during embryogenesis, and a reduction in size
occurred first after hatching and mainly after yolk
depletion. This implies that the total amount of lipids
utilised during the embryonic development is consider-
ably less than the total lipids present in ovulated turbot
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eggs. Comparison of the fatty-acid composition of total
lipids from eggs and vitellogenin of wild turbot reveals
that egg lipids contained a lower level of saturated and
a higher level of monounsaturated fatty acids. Eggs also
contained wax esters, which were not detected in vitel-
logenin, suggesting that vitellogenin is not the only
source of lipids for turbot eggs.

Introduction

Teleost eggs are generally rich in polyunsaturated fatty
acids (PUFA) of the (n-3) series, mainly eicosapen-
taenoic acid (EPA, 20: 5 n-3) and docosahexaenoic acid
(DHA, 22:6 n-3) (Sargent et al. 1989). In eggs of wild
marine teleost species from high latitudes, PUFA were
calculated to account for 40 to 47% of the fatty acids in
total lipids (Tocher and Sargent 1984; Falk-Petersen
et al. 1986). The presence of a high initial content of
long-chain PUFA in fish eggs has been interpreted to
indicate that these fatty acids are a nutritional require-
ment for the embryo and yolk-sac larva (Tocher and
Sargent 1984). There is strong evidence that (n-3)
PUFA are crucial both to female fecundity and to
embryo and early larval development, growth and sur-
vival (Watanabe and Kiron 1994; Sargent 1995). Defi-
ciencies in (n-3) PUFA during early developmental
stages arc suggested to be one of the most critical
aspects of the limited success in rearing of many marine
telcost species.

In turbot (Scophthalmus maximus), it is well
documented that there is an absolute dietary require-
ment for long-chain PUFA, particularly EPA and
DHA, due to the limited capacity of turbot to syn-
thesise these fatty acids (Owen et al. 1975; Cowey et al.
1976; Tocher and Mackinlay 1990; Linares and Hen-
derson 1991). However, little is known about the lipid
reserves available to developing embryos and the fatty-
acid requirements during embryo development. Eggs of
cultured turbot contain 13 to 20% lipid (dry wt)
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with approximately equal amounts of phospholipid
and neutral lipid (Devauchelle et al. 1988; McEvoy
et al. 1993; Planas et al. 1993b). Fatty-acid analyses of
these lipids showed the presence of significant amounts
of PUFA, such as EPA and DHA, in addition to the
more commonly encountered palmitic acid (16:0) and
oleic acid (18:1 n-9) (Devauchelle et al. 1988; McEvoy
et al. 1993; Planas et al. 1993a). No distinction between
yolk lipids and the prominent oil globule was made in
these studies. It must also be noted that all previous
studies were conducted on cultured fish, while the fatty-
acid composition of eggs from turbot living in their
natural ecosystems under a natural feeding and phys-
ical regime has not been reported. This information is
important, because the fatty-acid composition of egg
lipids in cultured fish can be altered by diet (Léger et al.
1981; Watanabe et al. 1984; Leray et al. 1985; Mourente
and Odriozola 1990; Harel et al. 1994). Furthermore,
the fatty-acid profile of eggs from cultured chinook
salmon was significantly different from eggs of wild fish
of the same stock (Ashton et al. 1993). Altogether, these
findings imply that care must be taken in using in-
formation derived from studies on cultured or labora-
tory reared fish to explain the nutritional requirements
during early development. It is therefore of interest to
investigate the fatty-acid composition of ovulated eggs
from wild turbot in order to obtain further insight into
the nutritional requirements of turbot embryos and
yolk-sac larvae.

In the present study, we examined the fatty-acid
composition of total lipids, phospholipids, triacyl-
glycerols, cholesterol esters and wax esters in ovulated
eggs of wild turbot from a natural habitat and in eggs of
cultured turbot. Furthermore, the oil globule of the
turbot egg was isolated and analysed in order to evalu-
ate the role of the oil globule during embryo develop-
ment. A further aim was to shed some light on the
maternal source of turbot egg lipids by comparing the
lipid content and fatty-acid composition of total lipids
from wild turbot eggs with those of total lipids from
vitellogenin of wild turbot, which was recently reported
(Silversand and Haux 1995). Vitellogenin is a he-
patically synthesised egg yolk precursor and has been
proposed to be a major source of lipids for teleost eggs
(Wallace 1985; Mommsen and Walsh 1988; Silversand
and Haux 1995).

Materials and methods

Fish and egg sampling

Ovulated eggs were collected from wild and cultured turbot (Scoph-
thalmus maximus). Wild turbot, weighing between 1 and 4 kg, were
caught during the spawning period in May by gill-net in shallow
water off Goteborg (58°N), Sweden. A total of 60 turbot were
captured, and freshly ovulated eggs of apparently good quality (see
below) were obtained from five females.

Cultured turbot, 30 females and 20 males with a body weight of
2 to Skg, were kept in a covered tank under natural daylight
conditions at Austevoll aquaculture research station in Norway
(60°N). The tank (80 m?) was supplied with filtered sea water from
a depth of 50 m with a temperature during the spawning season of
10 £ 1 °C. The cultured turbot were captured by trawling in the sea
off south-western Norway (59°N) and brought to Austevoll
aquaculture research station 3 yr prior to egg sampling. The fish
were fed ad libitum three times a week with a formulated moist diet
based on minced herring (Clupea harengus) and capelin (Mallotus
villosus) (30%, w/w), ensilage of herring and capelin (25%, w/w) and
dry powder (45%, w/w) made of fish-powder of herring and capelin
(delipidated), extruded wheat flour and vitamins.(Austevoll fish
industry A/S). Total dry weight content of protein and lipids was 50
and 20%, respectively. Freshly ovulated and viable eggs were ob-
tained from seven females during the spawning period from
July-August.

Eggs from both groups of turbot were obtained by gentle strip-
ping of ovulated females, and the collected eggs were kept on ice
until lipid extraction or until frozen at — 80°C. After sampling, the
eggs from all females were examined by a dissecting microscope in
order to exclude batches of eggs with morphological characteristics
correlated with poor quality, e.g. loss of spherical shape, dimpled egg
surface, diminished egg transparency, and/or collapsed plasma
membrane (McEvoy 1984; Kjersvik et al. 1990). To assess the viabil-
ity of the sampled eggs and to verify the significance of the mor-
phological characterisation, a sample from each batch of the cul-
tured turbot was artificially fertilized according to the method of
Jones (1972) and incubated at 14.2 +0.2°C until hatching. The
fertilization percentage, measured as floating eggs versus sunken,
and the hatching rate were calculated. The average fertilization and
hatching rates were 96 + 4% and 88 + 7%, respectively.

Lipid extraction

Total lipid was extracted from 1 g of eggs within 30 to 60 min after
stripping. All samples were extracted and analysed in duplicate. The
extraction procedure was based upon the method of Bligh and Dyer
(1959) with the modifications described by Silversand and Haux
(1995). Additional eggs were analysed in order to determine the total
lipid content as a percentage of dry weight of ovulated turbot eggs.
Approximately 3 g, in duplicate, of frozen eggs from each female were
freeze-dried in an evaporator (Savant Speed Vac, USA) for 20 h. After
freeze-drying, the eggs were weighed and lipid was extracted accord-
ing to the procedure described for fresh eggs. Prior to lipid extraction,
the freeze-dried eggs were soaked with 1.0 ml distilled water.

Phospholipids, triacylglycerols, cholesterol esters and wax esters
were isolated from total lipid extracts by thin-layer chromatography
(TLC) using 20x 20 cm glass plates coated with 0.25 mm silica gel
60 H and a solvent system of hexane:diethyl ether:acetic acid
(80:20:2, v/v/v) (Merck, Germany). Samples were applied to the TLC
plates in a box with N,-atmosphere to minimise oxidation. Standards
were simultaneously chromatographed, and after development stan-
dard lipid classes were stained with 2'7'-dichlorofluorescein (Merck,
Germany) and visualised under ultraviolet light. All TLC plates
were predeveloped in chloroform:methanol (1:1, v/v) before use
and dried at 110°C. Phospholipids, triacylglycerols, cholesterol
esters and wax esters were scraped off the glass plates and subjected
directly to acid-catalysed transesterification. Since cholesterol esters
and wax esters did not resolve clearly in the TLC solvent system used
in the present study, these lipid classes were transesterified together
and are referred to in the text as “cholesterol-wax esters”.

Fatty-acid analysis

Fatty-acid methyl esters were prepared and analysed as described
previously (Silversand and Haux 1995). Individual fatty-acid methyl
esters in the samples were identified by comparison of their retention



time with the retention time of a known standard (Larodan Fine
Chemicals AB, Sweden and Nu-Chek-Prep, USA). Further evidence
of identity was obtained by positive identification by gas-liquid
chromatography/mass spectrometry (GLC/MS) of fatty-acid methyl
esters on a gas chromatograph equipped with two detectors; a flame
ionisation detector and a mass selective detector (5890, 5970 quadru-
ple mass selective detector working with electron impact ionisation
at an electron energy of 70 eV, Hewlett Packard, USA) (Nilsson and
Liljenberg 1991). The mass spectrometric conditions, e.g. column
and temperature program, were the same as for GLC analysis except
that helium was used as carrier gas. Gas-liquid chromatogra-
phy/mass spectrometry was also used to positively identify fatty
alcohols present in the samples.

Oil globule

In order to separate the oil globule present in the eggs, frozen eggs (3
to 4 g) from each of the sampled females were gently homogenized
with a glass-Teflon homogenizer and centrifuged at 3000 x g for
30 min at 20°C. The floating oil layer was subsequently aspirated
and applied to a microscope slide. Pure oil was then aspirated using
a microsyringe (10 pl, Hamilton, Switzerland) with the aid of a
dissecting microscope. The obtained oil was immediately extracted
for lipids and transesterified according to the method described
above.

The diameter of newly ovulated eggs and their oil globule from
cultured females was measured by light microscopy and a micro-
meter in order to determine the proportion of total egg lipids
confined to the oil globule. The egg and oil globule diameters were
on average 1.0 and 0.18 mm, respectively, and the volume of the egg
plus oil globule was calculated with the formula for a sphere
[(4/3)nr™]. By estimating the density of whole eggs to be 1.0 (since
93% of egg weight was comprised of water, data not shown) and the
average density of the oil globule to be 0.9 (since the density of
triacylglycerolis 0.92, cholesterol esters is 0.98 and wax esters is 0.86)
(Hadley 1985), the volume was converted to weight. The dry weight
content of the cultured turbot eggs was 7% in the present study, of
which lipids constituted 13.2%. Taken together, these data made it
possible to estimate the relative amount of oil globule lipids. Fur-
thermore, eggs and larvae from the cultured turbot were collected at
different stages of development and investigated by light microscopy
in order to follow the morphological development of the embryos
with special emphasis on the oil globule.

Statistical analysis

The relative amount of the fatty acids in eggs was statistically
analysed by multivariate data analysis using the software program
SIMCA-S (Umetri AB, Sweden). The multivariate method used was
principal component analysis (PCA) (Wold et al. 1987). In the
present study, all variables were scaled to zero mean and unit
variance (autoscaling) before calculations.

Results

Lipid comprised 13.8 + 0.5% (n = 5) and 13.2 + 0.7%
(n=7) of the egg dry weight in wild and cultured
turbot, respectively. The relative fatty-acid composi-
tion of total lipid extracted from turbot eggs was dom-
inated by PUFA, predominantly of the (n-3) series.
(n-3) PUFA accounted for 38.7% of the total fatty acids
in wild turbot and 38.6% in cultured turbot (Table 1).
Monounsaturated fatty acids, mainly 18:1(n-9), and
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Table 1 Scophthalmus maximus. Relative fatty-acid composition of
total lipid and phospholipids from ovulated eggs of wild and cul-
tured turbot. Data expressed as weight % of total identified fatty
acids and represent means + SD of five wild and seven cultured fish.
(MFA monounsaturated fatty acids; PUFA polyunsaturated fatty
acids; SFA saturated fatty acids; — not detected or trace amounts
<0.1%)

Fatty acids Total lipid Phospholipid
wild Cultured Wild Cultured

14:0 27+02 35402 14403 20+03
15:0 04+01 03+00 03+40.1 0.34+0.0
16:0 161 £03 149+05 203410 192+ 1.1
16:1 (n-9) 1.3+0.1 09+01 10401 0.8 +0.1
16:1 (n-7) 6.6 + 1.1 56+05 26404 22402
16:1 (n-5) 03+00 03400 03+01 04 +40.0
16:2 (n-4) 01+00 02400 01400 -

16:4 (n-3) 0.6 +0.1 04+00 03+00 0.1+00
17:0 04 +0.1 02+00 04+01 03400
18:0 40+05 28401 53+04 41402
18:1 (n-9) 159+10 138 +£035 69409 6.7+0.5
18:1 (n-7) 49 +£0.5 34401 34403 2.7 +01
18:1 (n-5) 0.5+0.1 05+01 03400 04+00
18:2 (n-6) 1.2+03 74+07 08+0.1 45406
18:3 (n-6) 02400 02+00 01+00 02400
18:3 (n-3) 0.5+0.1 1.14+01 02400 05400
18:4 (n-3) 0.6 +0.1 12401 02+01 03+01
20:0 - - - -

20:1 (n-11) 05+02 07401 - 02 +00
20:1 (n-9) 1.6+07 36+04 11404 28+04
20:1 (n-7) 05+0.1 02+00 03+01 0.1 £00
20:2 (n-6) 05+01 07400 04+01 06+00
20:3 (n-6) 0.2+00 02+00 02+00 02400
20:3 (n-3) 0.2+ 0.0 03400 02+00 02+00
20:4 (n-6) 3.0+04 12401 49406 20402
20:4 (n-3) 0.7+0.1 12401 04+0.1 0.8 +0.1
20:5 (n-3) 78+04 88+05 99+06 115407
22:0 - - - -

22:1 (n-11) 04+02 07+02 02+01 04 +0.1
22:1 (n-9) - 02401 - -

22:1 (n-7) - - - -

22:5 (n-3) 44 +0.3 27401 46+06 27 +0.2
22:6 (n-3) 238+ 11 230419 334+05 333+19
24:1 (n-9) 02+00 02+00 04+00 04+01
Total 100 100 100 100

Total SFA 235406 21.7+07 278+13 259415
Total MFA 325412 299+12 165+08 171409
Total PUFA 439+13 484+15 557+10 570+1.1
Total (n-3) 387+12 386420 49.14+11 495415
Total (n-6) 51+06 97407 64407 75405
Total (n-3)/(n-6) 7.6 +09 40405 77+09 66406

saturated fatty acids, mainly 16:0, comprised approx-
imately 30 and 20%, respectively, of the total fatty acids
in both groups of turbot. The major PUFA was DHA,
which comprised 23.8 and 23.0% of the fatty acids in
wild and cultured fish, respectively, and was also the
most abundant fatty acid in both wild and cultured
turbot eggs. The proportion of DHA was three times
that of EPA, which constituted the second most abun-
dant PUFA. Unidentified peaks made up less than 3%
of the fatty acids in total lipid, provided that the crude
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fatty-acid methyl esters were isolated with TLC prior
to GLC.

Gas-liquid chromatography of the fatty-acid
methyl esters from total lipids of turbot eggs without
prior isolation by TLC resulted in several peaks, not
identified as fatty acids, that eluted together with the
fatty-acid methyl esters. These peaks were positively
identified by GLC/MS as alcohols. Together these al-
cohols accounted for about 10% of the total peak area
when the crude fatty-acid methyl esters from total
lipids of turbot eggs were analysed on GLC. Three of
these alcohols coeluted with fatty-acid methyl esters

(18:2 n-6, 18:3 n-6 and 20:3 n-6) which is why it was
obligatory to purify the fatty-acid methyl esters prior to
GLC. Alcohols were present in the cholesterol-wax
ester fraction but absent in phospholipids and triacyl-
glycerols. When crude fatty-acid methyl esters from
cholesterol-wax esters were analysed, alcohols con-
stituted about 30% of total peak area. Alcohols were
also found in substantial amounts in the oil globule.
Phospholipids, triacylglycerols and cholesterol—
wax esters of turbot eggs all exhibited a specific fatty-
acid profile distinctly different from that of total lipid
(Tables 1, 2). Thus, phospholipids contained the highest

Table 2 Scophthalmus maximus. Relative fatty-acid composition of triacylglycerols, cholesterol-wax esters and oil globules from ovulated
eggs of wild and cultured turbot. Data expressed as weight % of total identified fatty acids and represent means + SD of five wild and seven
cultured fish. (M FA monounsaturated fatty acids; PUFA polyunsaturated fatty acids; SFA saturated fatty acids; — not detected or trace

amounts <0.1%)

Fatty acids Triacylglycerol Cholesterol-wax esters Oil globule
Wwild Cultured wild Cultured Wild Cultured

14:0 52417 68+12 0.2+0.1 02+01 28 +04 . 41410
15:0 0.7+0.2 0.5+00 - - 04 +00 0.3 400
16:0 19.6 + 1.1 153+ 038 1.6 +0.3 1.24+02 120+ 0.3 103 4 0.5
16:1 (n-9) 22+03 15402 02 +0.1 0.1 +0.1 1.6 £ 0.1 1.1+02
16:1 (n-7) 11.6 +1.9 10.6 + 0.8 8.6+ 1.0 7.0+ 1.1 114+14 9.8 + 0.8
16:1 (n-5) 04+01 04 +00 - - 03+00 03400
16:2 (n-4) 0.1+0.1 04 +00 - 02+00 0.1+00 04 +0.0
16:4 (n-3) 0.8 +£0.1 0.6 +0.1 11401 0.5 +00 0.8 +00 03 +00
17:0 04+01 02 +00 - - 03+0.1 0.2 +0.1
18:0 45+08 20102 1.0+ 02 04 +0.1 3.1 +06 1.5402
18:1 (n-9) 21.1+£3.0 20.1 + 08 290+ 14 251 +23 247 + 1.7 233 + 1.1
18:1 (n-7) 73+08 4.6+ 03 5.0+ 0.5 2.8 4+03 6.6 +£0.2 40402
18:1 (n-5) 0.5+02 05+0.1 0.6 +0.1 05+01 03+0.1 04 + 0.1
18:2 (n-6) 12403 7.8 £0.5 24 +06 155+1.3 1.7+ 04 114+ 08
18:3 (n-6) 02400 03+00 04+ 00 0.5+ 0.0 03400 03 +0.0
18:3 (n-3) 04 +0.1 1.0+0.1 1.1+03 29402 07 +0.1 19 +02
18:4 (n-3) 0.7+02 1.6+ 03 12+03 26 +04 09+02 194+03
20:0 - - - - 0.2 +00 -

20:1 (n-11) 11+05 1.4+03 04 +01 0.6 +£0.2 0.5+02 08 +03
20:1 (n-9) 26+12 54+08 1.8 £ 09 33405 1.5+0.1 4.0 407
20:1 (n-7) 0.6 +0.2 0.2+00 0.7+03 0.3+00 05+02 02+01
20:2 (n-6) 04 +0.1 0.6 +0.0 09 +02 09 + 0.1 0.5 +0.1 0.6 £ 0.0
20:3 (n-6) - 0.1 £00 02 +0.1 0.1+0.1 0.2 +£0.1 0.1 +0.0
20:3 (n-3) 02 +00 02100 0.5+01 0.6 +0.1 03+01 03+00
20:4 (n-6) 1L1+£02 04 +0.1 1.8 +£05 04 +0.1 14+02 03 +00
20:4 (n-3) 0.5+0.1 1.0 +0.2 14403 24 +0.3 08+0.1 1.4 4+ 0.1
20:5 (n-3) 34+03 41403 9.8+ 0.8 93+ 1.1 6.0+02 57405
22:0 - - - - - -

22:1 (n-11) 054+04 1.1+04 03+02 0.5 +0.1 03 +00 0.6 +0.1
22:1 (n-9) - 0.2+0.1 - - - 0.1+00
22:1 (n-7) - - - - - -

22:5 (n-3) 30406 1.9+02 54405 2.8 +04 4.1+04 21401
22:6 (n-3) 94 +0.5 88+ 12 244 +29 19.2 +3.7 157+ 1.1 123 + 1.5
24:1 (n-9) 02 +00 0.1 +01 - - 0.1+0.0 0.1 401
Total 100 100 100 100 100 100

Total SFA 305+ 21 249+ 1.1 2.8 +£0.5 1.8 £ 03 189 + 0.8 16.5 + 0.8
Total MFA 48.1 £29 46.2 + 1.5 465+ 1.8 40.1 + 4.1 477+ 1.1 44.6 2.0
Total PUFA 214+ 13 289+ 19 50.7 +2.2 580 +44 33.5+0.06 389 +20
Total (n-3) 184 +10 194 + 3.1 449 + 3.1 403+ 53 293 +03 258 + 2.1
Total (n-6) 29404 92 +0.5 58 +1.0 175+ 13 4.0+ 0.7 1277 + 0.8
Total (n-3)/(n-6) 6.5+ 0.6 21+03 7.7+ 19 23405 74+ 1.5 20+02




level of PUFA and the lowest level of monounsaturated
fatty acids. The high degree of PUFA in phospholipids
was mainly due to the preponderance of DHA, which
accounted for 33.4 and 33.3% of the fatty acids in wild
and cultured fish respectively, and the low level of
monounsaturated fatty acids in phospholipids was
mainly due to a relatively low level of 18:1(n-9).
Triacylglycerols, compared to phospholipids, con-
tained considerably less PUFA, such as DHA, EPA
and 20:4(n-6), and were instead dominated by 16:0 and
18:1(n-9) (Table 2). The cholesterol-wax ester fraction
was unique among the lipid classes in that saturated
fatty acids were almost absent (Table 2).

The pattern of fatty-acid distribution in total lipid
of the oil globule from wild and cultured turbot eggs
was different from that of total egg lipids (Table 2). The
oil globule was dominated by monounsaturated fatty
acids followed by PUFA. The lower level of PUFA in
the oil globule, compared to the total egg lipids, was
mainly due to a lower percentage of DHA. Thin-layer
chromatography revealed that the oil globule of turbot
eggs contained triacylglycerols and cholesterol-wax es-
ters, while phospholipids were absent (data not shown).

The fatty-acid profiles of the total lipid, the different
lipid classes and the oil globules from cultured turbot
eggs were in many ways similar to those of eggs from
wild turbot. However, there were several differences
evident in the relative fatty-acid distribution in the
lipids of cultured and wild turbot eggs. These differ-
ences were extended to all lipid classes (Tables 1, 2). The
most prominent difference was the greater proportion
of linoleic acid (18:2 n-6) in the cultured turbot eggs.
The higher level of linoleic acid was observed in total
lipid as well as in phospholipids, triacylglycerols, cho-
lesterol-wax esters and oil globules. In all these lipid
fractions, the percentage of linoleic acid was approxi-
mately six-fold higher in lipids of cultured turbot eggs
compared to corresponding lipids in wild turbot eggs.
The proportion of linoleic acid was particularly high in
the cholesterol-wax ester fraction of cultured turbot
eggs, where it constituted 15.5% of total fatty-acid
composition. Eggs from cultured turbot also contained
somewhat greater proportions of 18:3(n-3), 18:4(n-3),
20:1(n-9), 20:4(n-3) and 22:1(n-11) than did eggs from
wild turbot. On the other hand, the percentage of the 16
and 18 carbon saturated and monounsaturated fatty
acids, e.g. 16:0, 16:1(n-7), 18:0, 18:1(n-9) and 18:1(n-
7), was lower in cultured turbot eggs, as were 20:4(n-6)
and 22:5(n-3). Cholesterol-wax esters and oil globules
of cultured turbot eggs also contained lower levels of
DHA.

The fatty-acid compositions of total lipid, phos-
pholipids, triacylglycerols and cholesterol-wax esters
of the eggs from each individual fish were subjected to
multivariate data analysis. Fig. 1A shows the two com-
ponent PC model obtained when the relative fatty-acid
composition of total lipids of eggs from the 12 investi-
gated turbot were analysed by PCA. The first two PC
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Fig. 1 Scophthalmus maximus. A Plot of the scores along first vs
second principal component of the relative fatty-acid composition of
total lipid from eggs of wild and cultured turbot with B the corre-
sponding loading plot. The intercept between the two coordinate-
axes in the plots corresponds to zero. A total of 32 fatty acids in 12
turbot were used for analysis. Principal Components 1 and 2 ac-
counted for 59 and 7% of total variance, respectively. (W wild
turbot; C cultured turbot)

together accounted for 66% (PC 1 for 59% and PC
2 for 7%} of the total variance in the data. The PCA
shows that the fatty-acid composition was similar be-
tween individuals within each group of turbot, i.e. wild
and cultured, and that each group was distinct. Fur-
thermore, cultured turbot were more closely grouped in
the PC model than the eggs of wild turbot, demonstrat-
ing that the eggs of cultured turbot exhibited less indi-
vidual fatty acid variation. This was elucidated by
encircling the two groups of fish in the PC plot. The
eggs of wild and cultured turbot were mainly separated
along PC 1. The loading plot (Fig. 1B) shows how the
different fatty acids influenced the distribution of the
samples in the corresponding PC plot. Since the largest
difference between wild and cultured eggs was along
PC 1, the fatty acids most responsible for this distribu-
tion were those far to the left and far to the right in the
loading plot. Fig.2 shows the two component PC
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Fig. 2 Scophthalmus maximus. Plot of the scores along first vs sec-
ond principal component of the relative fatty-acid composition of
phospholipids; triacylglycerols and cholesterol-wax esters from eggs
of wild (W) and cultured (C) turbot. The intercept between the two
coordinate-axes in the principal component plot corresponds to
zero. A Score plot of the first two principal components for fatty-
acid composition of phospholipids (P) accounting for 56 and 10% of
total variance, respectively. B Score plot of the first two principal
components for fatty-acid composition of triacylglycerols (T) ac-
counting for 54 and 11% of total variance, respectively. C Score plot
of the first two principal components for fatty-acid composition of
cholesterol-wax esters (C) accounting for 49 and 15% of total
variance, respectively

models obtained when the relative fatty-acid composi-
tion of phospholipids, triacylglycerols and choles-
terol-wax esters from wild and cultured turbot eggs
were subjected to PCA. As for the distribution in the
PC model obtained when the fatty-acid composition of
total egg lipids was analysed, the wild and cultured
turbot were grouped when each of the lipid classes was
modelled. These groups were clearly separated from
each other, mainly along PC 1.

Calculations based on light microscopical observa-
tions of cultured turbot eggs in the present study show
that 55 to 60% of the total lipids in cultured turbot eggs
are confined to the oil globule. These calculations are
based on average egg and oil globule volumes of 0.52 pl
and 3 nl, respectively. Furthermore, the size of the oil
globule remained constant during embryogenesis, and
a reduction in size occurred first after hatching and
mainly after yolk depletion (Fig. 3).

Discussion

The present study shows that total lipid extracted from
eggs of wild turbot was highly unsaturated. The rich-
ness of PUTFA, particularly EPA and DHA, indicates
that turbot embryos and yolk-sac larvae have a nutri-
tional requirement for these fatty acids. The great pro-
portion of DHA in lipids, predominantly in phos-
pholipids, of turbot eggs is consistent with earlier find-
ings on marine fish eggs (Tocher and Sargent 1984;
Falk-Petersen et al. 1986) and has been suggested to be
related to a specific requirement for DHA during the
development of neural tissues, such as brain and retina
(Sargent 1995). Neural tissues are highly enriched in
DHA (Tocher and Harvie 1988), and during the early
developmental stages in fish considerable growth and
development of these tissues occurs, as reflected by the
great proportion of neural tissues in the total body
mass of the embryo and yolk-sac larva (Fig. 3).

The general pattern of the fatty-acid distribution in
lipids of eggs from cultured turbot was similar to the
distribution in lipids of wild turbot eggs. However, the
relative amount of specific fatty acids differed markedly
between eggs of cultured and wild fish. The fatty-acid
composition of total lipid, phospholipids, triacyl-
glycerols as well as cholesterol-wax esters fell into two
distinct groups, eggs of wild and cultured fish, as dem-
onstrated by PCA. The main advantage with PCA is
that the combined influences of all fatty acids are used
simultaneously for the comparison of the eggs from all
investigated females (Ulvund and Grahl-Nielsen 198§).
The main difference between egg lipids of cultured and
wild turbot was the markedly greater proportion of
linoleic acid in egg lipids of the cultured broodstock.
Linoleic acid is scarce in the marine environment, and
an unnatural deposition of this fatty acid in body lipids,
including egg lipids, is typical of fish given a formulated
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Fig. 3 Scophthalmus maximus. Photomicrographs of turbot eggs
and larvae during development at 14°C. A Freshly ovulated eggs.
B-I Eggs and larvae at different times after fertilization. B 18 h,
C2d,D3d,E4d,F5d,G6d, H7d,18d

diet containing vegetable oils (Watanabe et al. 1984;
Sargent et al. 1989; Harel et al. 1994). The high content
of linoleic acid in lipids of cultured turbot eggs in the
present study was most likely caused by the wheat flour
in the formulated diet. Lipids of cultured turbot eggs
also contained higher levels of the long-chain mono-
enoic fatty acids, 20:1(n-9) and 22:1(n-11), compared
to eggs from the wild stock. The higher percentage of
these fatty acids indicates the presence of lipids from
calanoid copepod feeding fish, such as herring and
capelin, in the diet. Fish feeding on copepods store
20:1(n-9) and 22:1(n-11), and an abundance of these
fatty acids is characteristic of virtually all commercial
fish oils produced from northern Atlantic fisheries (Sar-
gent 1995). Thus, the different levels of the fatty acids
mentioned above, between eggs of wild and cultured
turbot, were most probably caused by a difference in
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the dietary fatty-acid composition. However, neither
the exact fatty-acid composition of the natural diet
consumed by the wild fish, nor the fatty-acid composi-
tion of the formulated diet given to the cultured turbot,
was known, and it must therefore be emphasised that
the differences observed may not be entirely due to the
diet. Finally, although the fatty-acid profile of eggs
from wild and cultured turbot differed, total lipid,
phospholipids and triacylglycerols of eggs from both
groups of turbot contained the same great proportion
of (n-3) PUFA, mainly DHA. Similar results were ob-
tained for wild and cultured chinook salmon (Ashton
et al. 1993). Thus, the apparent conservation of (n-3)
PUFA, particularly DHA, by turbot females during the
accumulation of egg lipids may be indicative of the
essentiality of these fatty acids during early ontogeny.

Comparison of the data in the present study with
previous findings on turbot eggs is complicated by the
differences in the approaches taken. Planas et al.
(1993a) reported the fatty-acid composition of total
lipid extracted from cultured turbot eggs 1 d after fertili-
zation, which may partly explain the greater propor-
tion of 18:0 and 18:1(n-9) and the considerably lower
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level of DHA compared to both groups of turbot in the
present study. McEvoy et al. (1993) fractionated the
lipids extracted from freshly ovulated eggs into total
neutral lipids and phospholipids prior to fatty-acid
analysis and observed a markedly greater proportion
of 18:1(n-9) in phospholipids. Turbot eggs in earlier
studies exhibited a much larger individual variation in
total lipid content (Devauchelle et al. 1988; McEvoy et
al. 1993), and the fatty-acid profile was also much less
consistent among individual females (McEvoy et al.
1993). The apparent discrepancies between the present
and previous studies may be caused by differences in
dietary fatty-acid composition, but other factors such
as developmental stages of the eggs, egg quality, and
analytical methodologies used may contribute to these
differences as well. The observation in the present study
that the fatty alcohols derived from wax esters coeluted
with fatty-acid methyl esters upon GLC shows that the
fatty-acid methyl esters must be isolated by TLC after
transesterification before GLC. It is not clear if this
isolation procedure was conducted in earlier studies,
and this may be one further explanation for the ob-
served differences.

The lipids of turbot eggs are present in two distinct
forms; the yolk lipids and the lipids present in the oil
globule. Lipid extractions and analysis with TLC
showed that the oil globule consisted exclusively of
triacylglycerols, cholesterol esters and wax esters.
These observations are consistent with earlier findings
on other teleosts, showing that oil globules of eggs are
comprised of non-polar lipids (Nakagawa and
Tsuchiya 1971; Léger et al. 1981; Brind et al. 1982;
Eldridge et al. 1983; Moodie et al. 1989). Estimations
made in the present study indicate that a considerable
amount (55 to 60%) of the lipids in turbot eggs are
confined to the oil globule. These calculations are
based on an average oil globule volume of 3 nl which is
in good agreement with an average oil globule volume
of 4 nl previously reported for cultured turbot eggs
(Ronnestad et al. 1992). Qil globules also make up
a considerable amount ( > 50%) of the egg lipids in
striped bass (Eldridge et al. 1983), walleye (Moodie et
al. 1989) and a cyprinodontid fish (Brind et al. 1982).
Considering that phospholipids appear to constitute 40
to 50% of the total lipids present in turbot eggs (De-
vauchelle et al. 1988; McEvoy et al. 1993; Planas et al.
1993b) and that no phospholipids are present in the oil
globule, it is reasonable to suggest that the yolk lipids
of turbot eggs to a large extent consist of phos-
pholipids. This is in good agreement with earlier stud-
ies showing that phospholipids dominate the yolk
lipids in both eggs with oil globules (Nakagawa and
Tsuchiya 1971; Eldridge et al. 1983; Moodie ct al. 1989)
and in eggs without oil globule (Tocher and Sargent
1984; Falk-Petersen et al. 1986). Lipids of turbot egg
yolk were not analysed in the present study, because
the yolk could not be completely separated from the oil
globule. Previously presented centrifugation methods

for the separation of yolk and oil globules from fish eggs
were not useful for turbot (Léger et al. 1981; Eldridge et
al. 1983; Moodie et al. 1989). Thus, after homogenization
and centrifugation of the eggs, numerous lipid droplets,
ie. an emulsion, were found in the yolk fraction, even
when the fraction was repeatedly stirred and recen-
trifuged. These droplets were apparent when the centri-
fuged yolk fractions were observed by a dissecting
microscope. However, the finding that the lipid class
composition differed so drastically between total egg
lipids and oil globule confirmed that our technique
successfully separated oil globule from yolk lipids, ie.
that a pure fraction of oil globule was obtained.

The finding that the size of the oil globule in cul-
tured turbot eggs in the present study remains constant
during embryogenesis, and a reduction in size occurs
first after hatching and mainly after yolk depletion,
confirms earlier reports on turbot (Rennestad et al.
1992) and other teleosts (Brind et al. 1982; Eldridge
et al. 1983; Moodie et al. 1989). The fact that the oil
globule is not metabolised during embryogenesis in
turbot implies that the total amount of lipids utilised
during the embryonic development is considerably less
than the total lipid content present in ovulated eggs.
Thus, despite the substantial amounts of neutral lipids
in the egg, only yolk lipids are metabolised to any
larger extent during embryogenesis. Altogether, the ap-
proach that the fatty-acid requirements of fish embryos
are indicated by the fatty-acid composition of the initial
lipid reserves present in ovulated eggs is not valid for
turbot. The fatty-acid requirements for the turbot em-
bryo are more likely to match the composition of the
phospholipids of the egg. This means that the require-
ment of (n-3) PUFA, mainly DHA, is considerably
greater than previously indicated by analysis of total
lipids in turbot eggs.

Although the maternal source of egg lipids has
never been identified for fish, it seems reasonable to
assume that the hepatically synthesised egg yolk pre-
cursor, vitellogenin, plays a fundamental role in the
process of lipid accumulation in the growing teleost
oocyte. This assumption is based on three criteria,
(1) large amounts of vitellogenin are incorporated into
growing oocytes of teleosts (Tyler 1993; Hyllner et al.
1994), (2) teleost vitellogenin is a lipoprotein contain-
ing 16 to 21% lipids (dry wt) (Hori et al. 1979; Norberg
and Haux 1985; Norberg 1995; Silversand and Haux
1995) and (3) these lipids are characterised by a high
content of (n-3) PUFA (Silversand and Haux 1995),
which is also a characteristic feature of teleost egg
lipids. In fact, the fatty-acid composition of total lipid
from vitellogenin of wild cod (Silversand and Haux
1995) is strikingly similar to the composition of total
lipids from wild cod eggs (Klungseyr et al. 1989). How-
ever, comparison of the fatty-acid composition of total
lipids from wild turbot eggs in the present study with
the composition of total lipids from vitellogenin of wild
turbot (Silversand and Haux 1995) reveals several



differences. Egg lipids contained a higher percentage of
monounsaturated fatty acids (33 vs 23%), mainly
18:1(n-9), and a lower percentage of saturated fatty
acids (24 vs 32%), mainly 16:0, compared to lipids of
vitellogenin. Furthermore, turbot eggs contained wax
esters which were not detected in vitellogenin from
turbot. These findings indicate that vitellogenin is not
the only source of lipids for turbot eggs and other
sources must be considered. Lipids have been suggested
to accumulate in growing teleost oocytes by the uptake
of circulating lipoproteins other than vitellogenin
{Léger et al. 1981; Black and Skinner 1987; Nagler and
Idler 1990; Wallaert and Babin 1992) or by endogenous
lipogenesis within the oocytes (Wiegand and Idler
1982). In opaline gourami (Trichogaster cosby) , a spe-
cies that accumulates large amounts of wax esters in the
egg oil globule, Sand et al. (1969) reported that wax
esters were synthesised within the eggs. Thus, the dis-
crepancies in the apparent relationship between the
lipids of vitellogenin and eggs between cod and turbot
may be correlated to the fact that turbot eggs contain
an oil globule which is not present in cod eggs. Lipids of
teleost vitellogenin are characterised by a high content
of phospholipids (Hori et al. 1979; Norberg and Haux
1985; Norberg 1995) and (n-3) PUFA (Silversand and
Haux 1995), which also has been indicated for the egg
yolk of turbot in the present study. Taken together, it is
tempting to hypothesise that yolk lipids are derived
from vitellogenin, and the lipids of the oil globule
originate from other lipoproteins or by autosynthesis in
the oocyte. This hypothesis highlights the importance
of vitellogenin and the lipid composition of this lipo-
protein for teleost embryonic development. Further-
more, this interpretation is different from the earlier
view of Léger et al. (1981), where it was suggested that
lipoproteins other than vitellogenin may enter the
oocytes and serve as the major source of yolk lipids,
whereas lipids from vitellogenin were preferentially de-
posited in the o1l globule in rainbow trout.

In conclusion, the requirement for fatty acids dur-
ing embryogenesis is not reflected by the fatty-acid
profile of total lipids but rather by the profile of egg
phospholipids. This implies that the need for (n-3)
PUFA is considerably greater than that which can be
deduced from analysis of total egg lipids. Although the
relative content of specific fatty acids differed between
eggs of wild and cultured turbot, there were no appar-
ent signs of nutritional imbalance affecting the repro-
ductive performance in cultured turbot. The cultured
turbot in the present study were fed an artificial diet
containing lipid based on marine oil, known to be
particularly rich in (n-3) PUFA, and the dietary level of
fatty acids allowed high fertilization and hatching per-
centages as well as normal growth and development of
the embryo and yolk-sac larva.

Acknowledgements The authors are grateful to Dr. R. Nilsson and
Dr. C. Liljenberg at the Department of Plant Physiology, Goteborg

277

University, for performing the GLC/MS analyses. This study was
financially supported by the Swedish Council for Forestry and
Agricultural Research, Adlerbertska forskningsfonden, Anna Ahren-
bergs fond, Hierta-Retzius stipendiefond, Kungliga och Hvitfeldtska
stipendieinrattningen, Lingmanska kulturfonden and Wilhelm och
Martina Lundgrens vetenskapsfond.

References

Ashton HJ, Farkvam DO, March BE (1993) Fatty acid composition
of lipids in the eggs and alevins from wild and cultured chinook
salmon (Oncorhynchus tshawytscha). Can J Fish aquat Sciences
50: 648-655

Black D, Skinner ER (1987) Changes in plasma lipoproteins and
tissue lipoprotein lipase and salt-resistant lipase activities during
spawning in the rainbow trout (Salmo gairdnerii R.). Comp Bio-
chem Physiol 88B: 261-267

Bligh EG, Dyer WJ (1959) A rapid method of total lipid extraction
and purification. Can J Biochem Physiol 37: 911-917

Brind JL, Alani E, Matias JR, Markofsky J, Rizer RL (1982)
Composition of the lipid droplet in embryos of the annual
fish Nothobranchius guentheri. Comp Biochem Physiol 73B:
915-917

Cowey CB, Owen JM, Adron JW, Middleton C (1976) Studies on
the nutrition of marine flatfish. The effect of different dietary fatty
acids on the growth and fatty acid composition of turbot (Scoph-
thalmus maximus). Br J Nutr 36: 479-486

Devauchelle N, Alexandre JC, Le Corre N, Letty Y (1988) Spawning
of turbot (Scophthalmus maximus) in captivity. Aquaculture, Am-
sterdam 69: 159-184

Eldridge MB, Joseph JD, Taberski KM, Seaborn GT (1983) Lipid
and fatty acid composition of the endogenous energy sources of
striped bass (Morone saxatilis) eggs. Lipids 18: 510-513

Falk-Petersen S, Falk-Petersen I-B, Sargent JR, Haug T (1986) Lipid
class and fatty acid composition of eggs from the Atlantic hali-
but (Hippoglossus hippoglossus). Aquaculture, Amsterdam 52:
207-211

Hadley NF (1985) The adaptive role of lipids in biological systems.
John Wiley & Sons, New York

Harel M, Tandler A, Kissil GW, Applebaum SW (1994) The kinetics
of nutrient incorporation into body tissues of gilthead seabream
(Sparus aurata) females and the subsequent effects on egg com-
position and egg quality. Br J Nutr 72: 45-58

Hori SH, Kodama T, Tanahashi K (1979) Induction of vitellogenin
synthesis in goldfish by massive doses of androgens. Gen comp
Endocr 37: 306-320

Hyllner SJ, Silversand C, Haux C (1994) Formation of the vitelline
envelope precedes the active uptake of vitellogenin during oocyte
development in the rainbow trout, Oncorhynchus mykiss. Molec
Reprod Dev 39: 166-175

Jones A (1972) Studies on egg development and larval rearing
of turbot, Scophthalmus maximus L., and brill, Scophthalmus
rhombus L., in the laboratory. J mar biol Ass UK 52: 965-986

Kjersvik E, Mangor-Jensen A, Holmefjord 1 (1990} Egg quality in
fishes. Adv mar Biol 26: 71-113

Klungsayr J, Tilseth S, Wilhelmsen S, Falk-Petersen S, Sargent JR
(1989) Fatty acid composition as an indicator of food intake in
cod larvae Gadus morhua from Lofoten, northern Norway. Mar
Biol 102: 183-188

Léger C, Frémont L, Marion D, Nassour I, Desfarges M-F (1981)
Essential fatty acids in trout serum lipoproteins, vitellogenin and
egg lipids. Lipids 16: 593-600

Leray C, Nonnotte G, Roubaud P, Léger C (1985) Incidence of (n-3)
essential fatty acid deficiency on trout reproductive processes.
Reprod Nutr Dév (Paris) 25: 567-581

Linares F, Henderson RJ (1991) Incorporation of **C-labelled poly-
unsaturated fatty acids by juvenile turbot, Scophthalmus maximus
(L.) in vivo. J Fish Biol 38: 335-347



278

McEvoy L (1984) Ovulatory rhythms and over-ripening of eggs in
cultivated turbot, Scophthalmus maximus L. J Fish Biol 24:
437-448

McEvoy L, Holland D, McEvoy J (1993) Effect of spawning fast on
lipid and fatty acid composition of eggs of captive turbot (Scoph-
thalmus maximus L.). Aquaculture, Amsterdam 114: 131-139

Mommsen TP, Walsh PJ (1988) Vitellogenesis and oocyte assembly.
In: Hoar WS, Randall DJ (eds) Fish physiology. Vol. XIA.
Academic Press, San Diego, pp 347-406

Moodie GEE, Loadman NL, Wiegand MD, Mathias JA (1989)
Influence of egg characteristics on survival, growth and feeding in
larval walleye (Stizostedion vitreum). Can J Fish aquat Sciences
46: 516-521

Mourente G, Odriozola JM (1990) Effect of broodstock diets on
lipid classes and their fatty acid composition in eggs of gilthead
sea bream (Sparus aurata L.). Fish Physiol Biochem 8: 93-101

Nagler JJ, Idler DR (1990) Ovarian uptake of vitellogenin and
another very high density lipoprotein in winter flounder
(Pseudopleuronectes americanus) and their relationship with yolk
proteins. Biochemy Cell Biol 68: 330-335

Nakagawa H, Tsuchiya Y (1971) Studies on rainbow trout egg
(Salmo gairdnerii irideus). Determination of lipid composition of
oil globule and lipoprotein. J Fac Fish Anim Husb Hiroshima
Univ 10: 11-19

Nilsson R, Liljenberg C (1991) The determination of double bond
position in polyunsaturated fatty acids—Gas chromatogra-
phy/mass spectrometry of the diethylamide derivate. Phytochem
Analysis 2: 253-259

Norberg B (1995) Atlantic halibut (Hippoglossus hippoglossus) vitel-
logenin: induction, isolation and partial characterization. Fish
Physiol Biochem 14: 1-13

Norberg B, Haux C (1985) Induction, isolation and a characteriza-
tion of the lipid content of plasma vitellogenin from two Salmo
species: rainbow trout (Salmo gairdneri) and sea trout (Salmo
trutta). Comp Biochem Physiol 81B: 869-876

Owen JM, Adron JW, Middleton C, Cowey CB (1975) Elongation
and desaturation of dietary fatty acids in turbot Scophthalmus
maximus L., and rainbow trout, Salmo gairdnerii Rich. Lipids 10;
528-531

Planas M, Garrido JL, Labarta U, Ferreiro MJ, Fernandez-Reiriz
MJ, Munilla R (1993a) Changes of fatty acid composition during
development in turbot (Scophthalmus maximus) eggs and larvae.
In: Walther BT, Fyhn HJ (eds) Physiological and biochemical
aspects of fish development. University of Bergen, Bergen, Nor-
way, pp 323-329

Planas M, Labarta U, Fernandez-Reiriz MJ, Ferreiro MJ, Munilla
R, Garrido JL (1993b) Chemical changes during development in
turbot (Scophthalmus maximus) eggs and larvae. In: Walther BT,
Fyhn HJ (eds) Physiological and biochemical aspects of fish
development. University of Bergen, Bergen, Norway, pp 269-278

Rennestad I, Fyhn HJ, Gravningen K (1992) The importance of free
amino acids to the energy metabolism of eggs and larvae of
turbot (Scophthalmus maximus). Mar Biol 114: 517-525

Sand DM, Hehl JL, Schlenk H (1969) Biosynthesis of wax esters in
fish. Reduction of fatty acids and oxidation of alcohols. Biochem-
istry (Am Chem Soc) Easton, Pa 8: 4851-4854

Sargent JR (1995) Origins and functions of egg lipids: nutritional
implications. In: Bromage NR, Roberts RJ (eds) Broodstock
management and egg and larval quality. Blackwell Science Ltd.,
Oxford, pp 353-372

Sargent JR, Henderson RJ, Tocher DR (1989) The lipids. In: Halver
JE (ed) Fish nutrition, 2nd edn. Academic Press, San Diego, pp
153-218

Silversand C, Haux C (1995) Fatty acid composition of vitello-
genin from four teleost species. J Comp Physiol (Sect B} 164:
593-599

Tocher DR, Harvie DG (1988) Fatty acid compositions of the major
phosphoglycerides from fish neural tissues; (n-3) and (n-6) poly-
unsaturated fatty acids in rainbow trout (Salmo gairdneri) and
cod (Gadus morhua) brains and retinas. Fish Physiol Biochem 5:
229-239

Tocher DR, Mackinlay EE (1990) Incorporation and metabolism of
(n-3) and (n-6) polyunsaturated fatty acids in phospholipid
classes in cultured turbot (Scophthalmus maximus) cells. Fish
Physiol Biochem 8: 251-260

Tocher DR, Sargent JR (1984) Analyses of lipids and fatty acids in
ripe roes of some northwest European marine fish. Lipids 19:
492-499

Tyler C (1993) Electrophoretic patterns of yolk proteins throughout
ovarian development and their relationship to vitellogenin in the
rainbow trout, Oncorhynchus mykiss. Comp Biochem Physiol
106B: 321-329

Ulvund KA, Grahl-Nielsen O (1988) Fatty acid composition in eggs
of Atlantic cod (Gadus morhua). Can J Fish aquat Sciences 45:
898-901

Wallace RA (1985) Vitellogenesis and oocyte growth in nonmam-
malian vertebrates. In: Browder LW (ed) Developmental biology.
Vol. 1. Plenum Press, New York, pp 127-177

Wallaert C, Babin PJ (1992) Effects of 178-estradiol and starvation
on trout plasma lipoproteins. Lipids 27: 1032-1041

Watanabe T, Kiron V (1994) Prospects in larval fish dietetics.
Aquaculture, Amsterdam 124: 223-251

Watanabe T, Ohhashi S, Itoh A, Kitajima C, Fujita S (1984) Effect of
nutritional composition of diets on chemical components of Red
Sea bream broodstock and eggs produced. Bull Jap Soc scient
Fish 50: 503-515

Wiegand MD, Idler D (1982) Synthesis of lipids by the rainbow trout
(Salmo gairdneri) ovary in vitro. Can J Zool 60: 2683-2693

Wold S, Esbensen K, Geladi P (1987) Principal component analysis.
Chemometrics intell Lab Systems 2: 37-52



