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al., 1994), turbot (.ell et al., 1985), red drum (Williams and Robinson 1988; Craig et
al., 1994), yellowtail (Watanabe 1993a), striped jack (Watanabe 1993a), and coho
salmon (Yu and Sinnhuber 1979). Researchers are able to determine the ability of a
fish to convert their dietary .,z precursors to longer chai |, m¢  hig’ ' r unsaturated
fatty acids by the presence of specific fatty acids in the tissues of the fish. The
p:  ence of 20:3(n-9), 20:2(n-9) and 18:2(n-9), detectable through high resolution
capillary gas-liquid chromatography, indicates the inability of the fish to convert C,s
precursors to longer chained homologues such as DHA, EPA and AA. The presence
of the aforementioned fatty acids has been labeled as * licator “EFA deficiency
in fish (S e etal, 1995)

In a number of the larval studies that compared lipid oil sources higk
PUFA’s to those high in saturated and monounsaturated fatty acids such as vegetable
oils, results were similar. In almost all cases the type of oil used, whether vegetable or
fish, had a direct effect in the lipid composition of the body tissues (Bell et al., 1985;
Williams and Robinson 1988; Nematipour and Gatlin 1993; Fair et al., 1993; Koven et
al., 1993; Harel et al., 1994; Bell et al., 1995; Xu et al., 1996, Brodtkorb et al., 1997,
Olsen and Henderson 1997, Peres and Oliva-Te ;1999). L sh 1in 18:3 (n-
3),18:2 (n-6) or saturated fatty acids tended to change t| composition of body tissues,
such as muscle, to directly reflect what was fed. Tissue samples collected and
evaluated for fatty acid composition from these fish reflected the fatty ac™
composition of the diet. The same is true for diets containing high levels of PUFAs

such as DHA, EPA and AA. As stated before marine fish appear to hay 1 very

limited ability if any, to convert 18:3 (n-3) to essential fatty acids ch as 22:6(n-3)
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lipids and the main lipid classes, (i.e. phospholipids and triglycerides), in the two
groups of eggs showed significant differences which reflected the influence of the
dietary fatty acid levels. The contrast between the two types of eggs was greatest
between the n-3 and n-6 fatty acids. Fish fed the diet high in n-3 PU. .\’s produced
the eggs with the highest levels of n-3 PUFA’s, mainly DHA. The me was true for
those fish fed the diet high in n-6 fatty acids with the predominant fatty acidst g
18:2n-6 and 20:4n-6 (AA). The lowest amounts of n-3 P.. .\ were found in the
triglycerides (TG’s) of eggs produced from the n-3 PUFA deficient diet. It is believed
tt ° T7’s :reserve lipids, storing not only saturated fatty acids for energy
reserves but polyuns: ra aswell (Tocl et ] ). Mouw

(1990) felt that the low levels of n-3 PUFA’s within the TG may be a result of
compensation or directed placement of the n-3 PLL. .\’s within the phospholipid
classes which are mainly utilized for biomembrane formation within the developing
organism (Sargent et al., 1995). The feeding of diets to broodstock low in n-3 PUFA
may not only result in eggs with a low n-3 PUFA content in their phospholipids, but in
their triglycerides as well. It was theorized by the authors thatth may result in a
poor reserve of structural polyun: irated fatty acids critical to larval owth, during
the starvation period between endogenous and exogenous feeding.

Almansa  al. (1999) looked at the influence of broodstock dietary lipids on
the egg fatty acid composition and the egg quality of gilthead seabream gs.
Gilthead seabream display non-synchronous ovarian development and spawn daily for
a period of 3-4 months. Unlike some marine teleosts, gilthead seabream broodstock

feed throughout the spawning season. Eggs collected throt ~ out the spawning season
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Chapter 2

Quantification of fatty acids over the gametogenic cycle fed varying dietary levels of
DHA, EPA and AA
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(Watanabe 1993), turbot (Scophthalmus maximus) (Bell et al., 1985), lthead sea
bream (Sparus aui 1 L.) (Bessonart et al., 1999), sunshine bass (Nematipour and
Gatlin 1993), Argentine prawn (Artemesia longinaris) (Petriella et al., 1984), Japanese
flounder (Paralichtys olivaceus) (Tago et al., 1999), striped bass (Morone saxatilis)
(1 1cer and Harrell 1992), palmetto bass (Morone saxatilis x M. chrysops) (Tuncer
and Harrell 1992; Tuncer et al., 1993) and red drum (Sciaenops ocellatus) (Wil
and Robinson 1988) and have been termed essential fatty acids (EFA). Two are of the
omr~1-3 fatty acid family (docosahexaenoic acid (DHA), 22:6n-3 and
eicosapentaenoic acid (EPA), 20:5n-3) and one is in the omega-6 fatty acid family
-achidonic acid (AA), 20:4n-6). These fatty ac s are termed essential, | 1ially in
the case of marine fish, due to the inability of these fish to self-produce quantities of
these fatty acids sufficie enou; :0 meet nutritional needs. Striped bass, like other
marine teleosts, have been shown to lack the ability to chain elongate shorter chain
fatty acids into essential polyunsaturated fatty acids (Sargent et al., 1997). The
inability to produce long-chain PUFA’s arises from a deficiency of A5-desaturase
enzyme which is required for the formation of AA, EPA and DHA from their Cyg
precursors (Bell et al., 1997; Sarg, . et al,, 1995).

Much of the research in this area has cente | on larval nutrition. It has been
su :sted that optimal formulations for first-feeding larvae should simulate that which
is found in the yolk (Hemming and Buddington 1988). In recent years, the direction
of research concerning fish larval nutrition has begun to concentrate on the nutrition of
the bro.  tock female. Broc yck nutrition has 1 shown to clearly influence egg

quality production (Watanabe 1985; Watanabe et al., 1984a; Watanabe et al., 1984b;
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3)I 'FA, mainly DHA, is used in the formation of neural cell membranes which
constitute a large fraction of the embryonic and larval body mass. Within the marine
fish egg most of the AA is located within phosphotidylinositol and is believed to
function mainly in eicosanoid production (Sargent 1995).
Comparisons of the eggs produced by the wild striped bass 1 and thedon ic
"¢ Istock female have shown differences in the levi  of DHA, EPA and AA with
cultured eggs being significantly lower in the amounts of these fatty acids (Harrell and
Woods 1995; Gallagher et al, 1997). Lower levels of these fatty acids may be
attributed to the feeding of pelleted diets heavily supplemented with vegetable oils as
ob v in studies of several species ._zll et al., 1985; Williams and >binson 1 _ J;
Nematipour and Gatlin 1993; Fair et al., 1993; Koven et al., 1993; Harel et al., 1994;
Bell et al., 1995; Xu et al., 1996, Brodtkorb et al., 1997; Olsen and Henderson 1997,
Peres and Oliva-Teles 1999). Vegetable oils tend to be high in 18:2(n-6) (linoleic
acid). Striped bass, as previously stated, have been shown to lack the ability to chain
elongate this shorter chained fatty acid to the essential polyunsaturated fatty acids  y
require. It is believed, therefore, that by edingt >dstock femalesd s
supplemented with lipid sources high in DHA, EPA and AA, a direct effect may be
seen in the lipid content of the egg produced by these females. The objective of this
study is to quantify the levels of specific unsaturated fatty acids in important tissues of
the adult, domestic female striped bass throughout the process of oogenesis when fed

experimental diets with varying levels of DHA, EPA and AA.
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NaHCO;). Five ml of blood was drawn from the caudal vein of each euthanized
temale using heparin-coated syringes fitted with 21-gauge needles. Whole blood from
each individual was immediately centrifuged at 10,000 rpm for five minutes before
being purged with nitrogen gas and stored at -80°C until lipid analysis. In addition,
two transverse sections of liver tissue, approximately lcm wide, across all three lobes
of each liver were coll ted from the same s ped bass, placed in an airtight vial
purged with nitrogen and stored for lipid analysis. A second blood sample was
scheduled to take place prior to the onset of oocyte growth (ca March 1) which occurs
when both v nperature and day length both begin to increase rapidly (Woods
and Sullivan 1 3). Fifteen striped bass (1 fish from each tank, 3  licates per
treatment and control, n = 15) were individually anesthetized and blood plasma

c« ected and processed as described above. The ovaries of random striped bass were
catheterized periodically in order to determine sex and to collect and measure the
diameters of ova for validation that oocyte growth had been initiated. Ova were
collected for lipid analy v~ n vitellogenisis had ended and final oocyte maturation
was imminent (defined as: ova with a mean diameter > 800wm). Thrc fema™ ;|
treatment were randomly chosen with the caveat that the fish must have grown a
minimum of 5% during the course of the experiment. Females were euthanized (as
described above) and 5ml of blood was d  /n from the caudal vein of each euthanized
fish as described above for lipid analysis. Two ovarian samples, each containing 10ml
of ova ‘om each ovarian ~ “e, were collected from all 15 striped bass, placed in a
50ml airtight vial purged wit nitrogen, and stored at -80°C until analyzed for total

lipids and fatty acid methyl esters.
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Harrell and Woods (1995) concluded that commercial diets k'~ 1in corn oil played a
major role in the low n-3/n-6 ratios in fish eggs produced by domestic striped bass
when compared to eggs produced by wild striped bass. Gallagher et al. (1998) did not
find significantly higher levels of 18:2n-6 when comparing eggs from wild and
cultured striped bass but attributed this to the use of fish and canola oils in
experimental diets fed to the cultured sti | bass. These oils tend to be low in
18:2n-6 and contain greater levels of 18:3n-3.
Comparison of liver and blood serum samples taken in December from fish fed
experimental diet 1 shov . significantly greater levels of total polyunsaturated fatty
; when compared to diet 4. Qualitative examination of the Hlyuns a  fatty
acids between > diets 1 and 4 however show that the majority (47%) of the PL. A in
diet 1 is 18:2n-6. Liver samples from dietary treatment group 4 had significantly
-eater levels of DHA and EPA when compared to dietary treatment group 1. The
ratio of n-3/n-6 fatty acids within lipids sources used in the formulation of diets has
been found to be directly reflected in fish tissues (Bell et al., 1985; Williams and
Robinson 1988; lematipour and Gatlin 1993; Fair et al., 1993; Koven et al., 1993,
Harel et al., 1994; Bell et al., 1995; Harrell and Woods 1995; Xu et al., 1996;
Brodtkorb et al., 1997; Olsen and Henderson 1997; Peres and Oliva-Teles 1999). The
greater levels of DHA and EPA, both of which are n-3 fatty acids, within the liver
tissues of the striped bass, indicates the direct influence of dietary fatty acid
composition on striped bass tissues. A significant positive correlation was found
between dietary n-3/n-6 ratio and EPA  ser levels which indicates that as the dietary

levels of n-3 fatty acids increased and 18:2n-6 levels decreased EPA also increased.















Chapter 3

Quantitative and qualitative comparison of two methods of fatty acid extraction:
UMD method vs. Bligh and Dyer method.
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Abstract

Fatty acid methyl esters (F£ [E) were extracted from samples of striped bass
(Morone saxatilis) liver, . 3 and a formulated pelleted diet used in striped bass
aquaculture in order to compare two methods of fatty acid extraction. The two
methods used were the Bligh and Dyer method and the UMD method. The UMD
method is a modified version of the Direct metl 1. FAME was evaluated and
compared as both a norm % and g/100g of total FAME. Total saturated,
monounsaturated and polyunsaturated fatty acid classes were examined. In addition to
total poly ~acids individual levels of DHA, EPA and AA were

iantified as well for each method. v inos  icant diffe betv n

methods when evaluating liver and egg samples as a norm %, which indicates no
selective extraction of specific fatty acid classes. The UMD method did significantly
than the Bligh and Dyer method when comparisons were done quantitatively using
g/100g FAME for all of the above fatty acids and fatty acid classes with the exception
of AA. Quantitatively the amounts of AA may have been too small to detect a
difference between the methods. Both the Bligh and Dyer and the UMD method were
found to have sub-optimal levels of fatty acid extraction on dietary samples when
compared to formulated dietary levels of polyunsaturated fatty acids. This may have
been due to oxidation and polymerization of the fatty acids during the extrusion and
pelleting proccess. Further investigation is needed in order to deter "~ v " "’

method is more appropriate for diet analysis.
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decomposition (Bligh and Dyer 1959). It was also felt that the Folch method required
large and inconvenient volumes of solvents. This method too required the use of
chloroform, methanol and water. It was felt that once tissue was homogenized with an
appropriate volume of a mixture of chloroform and methanol it would mix with the
water present already in the tissue to form a mono-phasic solution. The resulting
homogenate could then| dilu  with chloroform and/or wa  to produce a bi-phasic
system in which the chloroform layer would contain the lipids needed for analysis
(Bligh and Dyer 1959). Through experimentation with different volumes of solvent,
tiss1  and water the optimum conditions were discovered for lipid extraction. The
method was originally developed to be applicable to ti that 180 + 1%
water such as fish muscle (Bligh and Dyer 1959). The procedure was adaptable to
o er sample types as long as the volumes of chloroform: methanol: water were kept
in proportions of 1:2:0.8 and 2:2:1.8 before and after partitioning respectively. This
meant that those samples which were not 80% water could either be adjusted weight-
wise in order to contain 80g of water or the volumes of chloroform and methanol
could be adjusted to give the above described proportions for lower weight samples
(Bligh and Dyer 1959). Though faster than the Folcht hod 1 methods still
required solvent extraction, drying and in some cases hydrolysis and purification of
the sample in order to obtain the lipid needed for transesterification so that quantitative
analysis could be done by gas-liquid chromatography (GLC) on the fatty acid methyl
esters (FAME).

Lepage ar . Roy (1986) developed a procedure which called for the direct

transesterification of samples in methanol-benzene 4:1 with acetyl chloride. This
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