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ABSTRACT. The present study was an attempt to determine the effect various types of diets had on
growth, survival, and the content of fatty acids (FA) in pikeperch, Sander lucioperca (L.), larvae. During
larval development (from day 5 to day 47 post-hatch), the fish were fed two commercial feeds — Bio
Kyowa (BK group) and Aglo Norse (AN group) - and Artemia nauplii (A group). A separate group was
comprised of larvae which developed under natural conditions (Z group). The results obtained show
that the composition of fatty acids of both commercial feeds and Artemia nauplii satisfied the
nutritional requirements of pikeperch larvae during their development, which was indicated by high
survival and satisfactory growth rates (survival - 50.8-54.4%; final body weight - 0.481-0.575 g; total
length - 37.85-48.31 mm). The A group larvae had a two-fold higher content of C 18:1 acid in
comparison to the fish in the BK and AN groups. In the A group, polyunsaturated fatty acids comprised
26.07% of total FA content, while in the BK, AN, and Z groups it was 40%. Based on histological
observations, it was found that the larvae fed the AN diet had the greatest capacity of hepatocytes and
the greatest relative capacity of cytoplasm occupied by lipids.
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INTRODUCTION

The industrial management of the highly sensitive larvae of many quickly develop-
ing marine and freshwater fish is one of the toughest challenges facing aquaculture.
Solving this problem requires supplying the larvae with optimum nutrients to ensure
fast growth and development rates and high survival. Fatty acids play an important role

in fish nutrition as they are the main energy source and a constituent of cellular struc-
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tures. The feeding requirements of fish larvae in the natural environment are reflected
by the composition of the zooplankton consumed. The nutritional value of zooplankton
changes, and alterations in the composition and content of lipids are related to develop-
mental stage and the seasons of the year (Sargent and Henderson 1986). The food that
fish larvae consume under natural conditions varies and is dependent on the species,
age, and availability of zooplankton. Artemia nauplii are mainly used as the first natu-
ral food during the rearing of fish larvae under experimental conditions and in com-
mercial aquaculture. However, Artemia does not meet the feeding requirements of fish
larvae due to the insufficient content of polyunsaturated fatty acids (PUFA), particu-
larly n-3 highly unsaturated fatty acids (HUFA) (Lavens et al. 1995). It was demon-
strated that enriching Artemia nauplii before their administration to fish larvae
improved the concentration of essential nutrients (Watanabe et al. 1983). The feeding
value of Artemia depends on the content and composition of fatty acids (FA), especially
of n-3 HUFA. Freshwater fish larvae are less sensitive to variable fatty acid levels in
Artemia nauplii, but the FA composition in Artemia may also affect growth in these
species, and thus its value as an optimum diet (Bengtson et al. 1991). PUFA linoleic C
18:2 n-6 (LA) and linolenic C 18:3 n-3 (LNA) acids cannot be synthesized de novo by
animals, including fish; therefore, they are referred to as essential fatty acids (EFA)
(Holman 1986). The quantitative and qualitative requirements of EFA in fish differ
depending on the species and age. Fatty acids, LA, and/or LNA may satisfy the EFA
requirements of freshwater fish, whereas marine fish require long-chained HUFA,
eicosapentaenoic C 20:5 n-3 (EPA) and docosahexaenoic C 22:6 n-3 (DHA) in diets for
optimum growth (Sargent et al. 1999). The incidence of LA conversion to arachidonic
acid C 20:4 n-6 (AA) and LNA to EPA and DHA has been observed in many species of
freshwater fish (Sargent et al. 1995). However, it has been demonstrated that the fresh-
water predatory fish northern pike, Esox lucius L., cannot convert C 18:3 n-3 to EPA, or
C 18:2 n-6 to AA (Henderson et al. 1995). Studies focusing on determining the opti-
mum content of lipids and fatty acid composition in diets for pikeperch, Sander
lucioperca (L.), larvae have not been conducted to date.

The aim of the present study was to compare the effect of FA composition in natural
feed and commercial diets on growth, survival, and FA content in pikeperch larvae fish

tissues and on liver histology.
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MATERIAL AND METHODS

FISH AND EXPERIMENTAL DIETS

The experiment was conducted at the Laboratory of Ichthyology and Fisheries of
Warsaw Agricultural University (SGGW), Poland. Pikeperch larvae (mean body
weight: 5.0 = 0.3 mg; total mean length: 5.9 + 0.4 mm n = 50) were obtained five days
post-hatch from the Kotoniec Fish Farm (Poland). The larvae were obtained from artifi-
cial spawning under controlled conditions. The remaining fish from this spawning were
reared in ponds at the Kotoniec Fish Farm. After being transported to the laboratory,
the larvae were randomly divided into experimental groups and placed in 20 dm? glass
aquaria with a water recirculating system, at a density of 200 ind. aquarium'1 (3 treat-
ments x 5 replicates). The recirculated and aerated water was pumped through
a bio-filter and UV filter. The water flow rate was 2 dm? min! in each aquarium, and
additional aeration was applied. The larvae were reared in darkness (1.0:D24), exclud-
ing breaks for cleaning the aquaria and the administration of feed. Water quality as
well as temperature, pH, dissolved oxygen, and ammonia and nitrite content were
monitored daily. The mean values of these parameters were as follows: water tempera-
ture — 19 = 0.12°C; pH - 8.59 = 0.13; oxygen concentration — 8.6 = 0.16 mg O3 dm’;
total ammonia nitrogen (TAN = NH4"-N +NH3 -N) - 0.34 = 0.25 mg TAN dm’;
nitrite (NO2-N) - 0.097 = 0.05 mg NO2-N dm™. The aquaria were cleaned daily, and
dead larvae were removed and counted. The larvae were fed from day 5 post-hatch (day
0 of the experiment) with Artemia nauplii (1000-1500 ind. dm™, 4 times a day; group
A) or one of two commercial feeds: Aglo Norse (group AN) (Larvae Feed Ewos - Bergen,
Norway) and Bio Kyowa (group BK) (Kyowa Hakko Koygo, Tokyo, Japan). The fish
were fed the artificial feeds every two hours from 08:00 to 22:00 (Table 1). The initial
daily feeding rate was 50% of the fish biomass and was gradually reduced down to 5%

in the last week of the experiment.

To determine wet body weight and total length and for histological tests, five larvae
from each aquarium were sampled on day 42 of the experiment (25 larvae from each
feeding group). On the same day, 25 larvae that had been reared from hatching in the
ponds of the Kotoniec Fish Farm were also harvested. The collected larvae were anes-
thetized (MS-222 tricaine methane sulphonate). Total body length was measured using

a stereoscopic microscope to the nearest 0.01 mm, and the larvae were weighed to the
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nearest 0.01 mg. Final survival rates were calculated from daily mortality and the final

number of surviving larvae recorded in each aquarium.

TABLE 1
Chemical composition (%) of diets (data provided by the manufacturer)
Diets
Specification Bio Kyowa (BK) Aglo Norse (AN) Artemia nauplii (A)
Protein 54 59 50
Lipids 10 21 10
Ash 13 10 5

HISTOLOGICAL STUDIES

The samples (15 larvae from each feeding group; 3 fish from each aquarium)
were subjected to standard histological procedure and the whole fishes were
immersed in paraffin, cut longitudinally with a microtome into sections of a thickness
of 4-6 um and stained with hematoxylin and eosin (for general observation), Alcian
blue, and periodic acid - Schiff reagent (AB/PAS) at pH 2.5, 1.0, and 0.5. Schiff peri-
odic acid was used to stain glycogen with diastase as a control. Sudan III was
employed to detect lipids in the samples preserved in Ciacco liquid (Martoja and
Martoja-Pierson 1970, Pearse 1985). A Nikon-Alphaphot-2YS2 microscope with
a Nikon 4300 digital camera was used to measure the cells, and the computer analy-
sis of the images was done with the MicroScan (v.1.5) and Lucia 4.21 programs.
Morphometric evaluation (hepatocyte volume) and image analysis (relative volume of
intracellular lipid deposition) were done for 20 measurements of preparations of five
central sections of each fish (n = 20 x 5) (day 42 of the experiment) at a magnification
of 400x. In total, 100 measurements of each fish (n = 100 x 5 fish) and each feeding

group were done.

FEED COMPOSITION AND FATTY ACID CONTENT

The nutritional value of the feeds was provided by the manufacturer (Table 1). The
fatty acid composition was analyzed at the laboratory of the Department of Animal
Rearing and Breeding of the Warsaw Agriculture University. The nutritional value of

the Artemia nauplii was also determined at the same laboratory (Table 2).



THE EFFECT OF DIET ON THE FATTY ACID COMPOSITION AND LIVER... 57

TABLE 2
Fatty acids composition (% of total fatty acids) in diets
Diets
Fatty acids (%) Bio Kyowa (BK) Aglo Norse (AN) Artemia nauplii (A)
SFA
C10:0 0.1 0.1 nd
C12:0 0.1 0.1 nd
C14:0 3.8 5.5 0.8
C15:0 0.3 0.4 nd
C16:0 214 14.2 10.4
C17:0 0.3 0.2 1.5
C18:0 4.7 2.1 5.2
C20:0 0.2 0.2 nd
C22:0 0.1 0.1 nd
C24:0 0.1 0.1 nd
> SFA 311 23.0 17.9
MUFA
C14:1 0.2 0.2 nd
C16:1 4.2 3.9 13.2
C17:1 0.5 0.3 nd
C18:1 25.3 124 28.5
C20:1 24 111 nd
C22:1 1.8 15.3 3.0
C24:1 0.2 0.6 nd
¥ MUFA 34.6 43.8 41.7
PUFA
C18:3 1.6 19 3.8
C18:4 0.7 1.0 0.7
C20:5 7.8 6.6 13.1
C22:5 0.7 0.6 nd
C22:6 84 8.8 nd
n-3 total 19.1 18.8 17.2
C16:2 0.3 0.4 nd
C16:3 0.2 0.3 19
C164 0.1 0.4 nd
C18:2 124 12.1 9.6
C20:2 0.2 0.2 nd
C20:3 0.1 0.1 nd
C20:4 11 0.3 24
C224 0.2 0.2 nd
n-6 total 14.7 14.1 14.3
> PUFA 33.8 329 31.5
SFA/PUFA 0.92 0.70 0.57
n-3/n-6 1.30 1.33 1.20

nd - not detected; SFA - saturated fatty acids; MUFA - monounsaturated fatty acids; PUFA - polyunsatu-

rated fatty acids
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The fatty acid content was determined by extracting fat from the fish larvae with the
modified Washburn and Nix (1974) method. For each feeding group, FA composition
was analyzed in mixed samples, in three replicates, and at the same laboratory. The
separation and determination of FA content was conducted in an HP 6890 gas
chromatograph with a BPX70 column. The methyl esters of fatty acids were separated,
and the content of individual FA was expressed as a percentage of the sum of the deter-
mined FA. Methyl esters of the following FA were determined: saturated (SFA) -
C 16:0, C 18:0; monounsaturated (MUFA) - C 16:1, C 18:1, C 22:1; polyunsaturated
(PUFA), PUFA n-3 - C 18:3, C 20:5, C 22:5, C 22:6; PUFA n-6 - C18:2, C 20:3,
C 20:4.

STATISTICAL ANALYSES

The means and standard deviations were calculated within the feeding groups for sur-
vival, body weight, and total length. The significance of differences among the experimental
groups was tested using one-way analysis of variance (ANOVA). Statistical analysis was
done using SPSS 12. The results of morphometric measurements were analyzed using
one-way hierarchical ANOVA, taking into consideration the effect of feeding and individual
variability within groups. The means were compared using the LSD test. The results shown
in the figures and tables are expressed as means, and the significance of differences is indi-
cated by a different superscript letter (P < 0.05). The FA composition was analyzed by read-

ing the surface areas under peaks for each FA in the chromatographic column.

RESULTS

SURVIVAL, GROWTH, AND FATTY ACIDS COMPOSITION

No significant differences in survival, final body weight, or specific growth rate
(SGR) were detected among the feeding groups; only the body length of the pond-
-reared pikeperch was significantly higher in comparison to the laboratory-reared
groups (P < 0.05) (Table 3).

The diets contained a similar protein level (from 50 to 59%), but the content of
lipids in the A and BK diets was 10%, while in the AN diet it was 21% (Table 1). The
comparative analysis of FA composition showed that the lowest level of SFA occurred
in A and the highest in the BK diet, which contained 21.4% of C 16:0. The highest levels
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of long-chain C 20:1 and C 22:1 (cetoleinic acid) was noted in the AN diet, and small
quantities of them were noted in the BK diet. The A and AN diets contained 10% more
MUFA as compared to the BK diet. Although the natural feed did not contain DPA and

DHA, it contained more EPA and AA in comparison to the commercial feeds.

TABLE 3
Survival, body weight, total length, and specific growth rate of pikeperch larvae fed different diets
Diet treatments

Bio Kyowa (BK) Aglo Norse (AN) Artemia nauplii (A) Zooplankton (Z)
Parameter mean SD mean SD mean SD mean SD
Survival (%) 50.80 6.72 52.40 7.67 54.40 8.29 na na
Body weight (g) 0.48 0.11 0.51 0.07 0.49 0.11 0.575 0.09
Total length (mm) ~ 37.85° 389  39.55° 2.72 38.87° 372 48310 4.23
SGR 10.87 0.08 11.00 0.11 10.89 0.09 11.29 0.07

Values in the same rows with different letters differ significantly P < 0.05
SGR - Specific Growth Rate (% day”) : 100 x (In final body weight () — In initial body weight (g))/time(days)
na — not analyzed

The SFA content in the pikeperch larvae was similar in all feeding groups. In larvae fed the
BK diet, the SFA level reflected the lipids in the diet (Table 4). However, the SFA level in the
fish fed the AN and A diets was similar to that found in the pikeperch reared under natural con-
ditions. The level of MUFA was considerably lower in the larvae than in the diets. Only in the
fish fed Artemia nauplii was there no reduction of MUFA content in the larvae. The analysis of
the FA composition in the pikeperch larvae indicated that the application of the A diet resulted
in an increase in the share of MUFA in total fatty acid content in comparison with the BK and
AN commercial feeds. The content of acid C 18:1 (30.72%) was two-fold higher in the larvae
fed Artemia nauplii in comparison with the remaining feeding groups. The percentages of the
PUFA acids linoleic C 18:2 n-6 (LA) and C 22:6 n-3 (DHA) were also reduced. The highest
level of acid C 18:2 n-6 in larvae was noted in the AN group. The level of acid C 20:4 n-6 (AA)
increased proportionally in the larvae in relation to its content in the feed. The lowest quantities
of this acid were observed in the larvae fed the AN diet. The level of EPA in the larvae decreased
in relation to their content in the feed, whereas the level of DPA and DHA increased. A higher
DPA level was found in larvae fed the natural food (A and Z diets) as compared to the larvae fed
the commercial feeds. The application of Artemia nauplii in the rearing of pikeperch had an
influence on the low level of PUFA (26.07%) and particularly on the very low content of valu-
able DHA acid (9.89% of the sum of the FA determined).
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TABLE 4
Fatty acids composition of pikeperch larvae (% of total fatty acids content)
Diet treatments
Fatty acids Bio Kyowa (BK) Aglo Norse (AN) Artemia nauplii (A) Zooplankton (Z)
SFA
C16:0 2243 2227 21.62 2222
C18:0 7.14 5.77 9,24 8.20
> SFA 29.57 28.04 30.86 30.42
MUFA
C16:1 1.87 1.51 2.82 1.57
C18:1 16.62 12.85 30.72 14.15
C22:1 9.54 12.24 9.53 8.14
¥ MUFA 28.03 26.60 43.07 23.86
PUFA
C18:3 0.68 0.37 1.05 0.50
C20:5 0.75 0.55 0.81 0.49
C22:5 1.58 0.93 2.16 5.04
C22:6 29.99 34.11 9.89 28.35
n-3 total 33.00 35.96 13.91 34.38
C18:2 5.85 7.77 5.25 5.20
C20:3 0.49 0.39 1.41 0.60
C20:4 3.06 1.24 5.50 5.54
n-6 total 9.40 9.40 12.16 11.34
> PUFA 42.40 45.36 26.07 45.72
SFA/PUFA 0.70 0.62 1.18 0.67
n-3/n-6 3.51 3.83 1.14 3.03

Description as in Table 2

The differences in FA composition found in the larvae fed Artemia nauplii resulted
from the reduction of the n-3/n-6 acid ratio (1.14) (in all remaining groups it exceeded
3). In the group of larvae fed the A diet, it was noted that SFA dominated PUFA in the
total fatty acid content; this is considerably different from the results obtained in the
remaining feeding groups, including the larvae reared in ponds.

The commercial BK and AN feeds applied in the current study affected the contents
of the particular groups of FA in fish larvae similarly to the natural feed of the
pond-reared pikeperch. Only when the pikeperch larvae were fed with Artemia nauplii

was there a reduction in the PUFA content as compared to the other feeding groups.



THE EFFECT OF DIET ON THE FATTY ACID COMPOSITION AND LIVER... 61

HISTOLOGICAL OBSERVATIONS AND MORPHOMETRIC DATA

The livers of pikeperch fed the BK diet consisted of hepatocytes of regular shape with
centrally situated nuclei. In the cytoplasm, mainly the deposition of glycogen was observed
(areas stained positively with PAS) (Photo 1a). On the contrary, in the case of fish fed the
AN diet, lipid vacuoles occupied a larger area of cytoplasm in comparison to that occupied
by glycogen (Photo 1b), and the nuclei of the hepatocytes were situated at the cell peripher-
ies. The areas of cytoplasm containing glycogen and lipids were similar in the pikeperch fed
Artemia nauplii (Photo 1c). The livers of pikeperch which developed under natural condi-
tions had regularly-shaped hepatocytes with centrally situated nuclei (Photo 1d). The high-
est volume of hepatocytes and the greatest relative volume of cytoplasm occupied by lipids
was noted in the larvae fed the AN diet (Figs. 1 and 2). The smallest volume of hepatocytes
and the smallest volume of cytoplasm occupied by lipids were observed in the fish fed the
BK diet (Figs. 1 and 2). The differences were statistically significant (P < 0.05).

Photo 1. Cross-section of a liver from a pikeperch fed: BK diet (a), AN diet (b) (arrows - lipid vacuoles),
A diet (c), Z diet (d), AB/PAS staining; Bar = 25 um.
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Fig. 1. Comparison of hepatocyte volume of pikeperch (mean + SD, n = 500). Values marked with differ-
ent letters differ significantly (P < 0.05).
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Fig. 2. Mean relative volume (mean + SD, n = 500) of intracellular lipid deposition in the hepatocytes of
pikeperch. Values marked with different letters differ significantly (P < 0.05).
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DISCUSSION

The results obtained indicate that the fatty acid composition in the commercial
feeds and Artemia nauplii satisfied the nutritional requirements of the fish. Therefore,
these diets can be employed as the first feed in the rearing of pikeperch larvae, as is also
indicated by their high survival and growth rates. The FA profile in the larvae reflected
the acids profile in the feed, as is the case with other fish species (Arzel et al. 1994,
Lanari et al. 1999). Like those reported by Jankowska et al. (2003), the current results
suggest that fish are able to elongate and desaturate n-3 fatty acids. The ability to elon-
gate and desaturate is species specific, and it is commonly accepted that freshwater fish
have these abilities, while marine fish do not (Yamada et al. 1980). However, rainbow
trout, Oncorhynchus mykiss (Walbaum), larvae were not able to convert C 18:3 n-3 or
C 18:4 n-3 to C 22:6 n-3, which indicates that C 22:6 n-3 may be the essential fatty acid
(EFA) for trout larvae (Wirth et al. 1997).

It should be emphasized that DHA content was high in fish fed the commercial
feeds and zooplankton, which indicates the role of DHA in the proper growth and
development of pikeperch larvae (Montero et al. 2001). The lower level of C 20:5 n-3
and the higher level of C 22:6 n-3 in the tissues as compared to the percentage content
in the diets was also observed in rainbow trout (Caballero et al. 2002). It is possible that
DHA biosynthesis in pikeperch requires the involvement of the enzymatic complex,
including A 6 saturase and other elongation-shortening enzymes, allowing DHA syn-
thesis from EPA by 24:6 n-3 and peroxisomal -oxidation (Buzzi et al. 1996) similarly

as in Eurasian perch, Perca fluviatilis L. (Kestemont et al. 2001).

The increased content of lipid vacuoles in hepatocytes of fish fed Artemia nauplii
and the AN diet probably resulted from the excessive quantity of MUFA, the surplus of
which was not utilized as an energy source and was accumulated in the liver. In studies
concerning mitochondrial B-oxidation, it was suggested that SFA and MUFA have the
priority over PUFA with regard to energy production in fish (Henderson 1996). The
present study demonstrated that the high level of C 18:1 in the BK diet was not accu-
mulated in the liver (as confirmed by histological observations) but was utilized as an
energy source, which contradicts the observations of Spisni et al. (1998). The metabo-
lism of lipids is regulated mainly by the liver through synthesis as well as the degrada-
tion of fatty acids. The enzymes that regulate these paths revealed variable affinity to
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different fatty acids available in the liver (Kiessling and Kiessling 1993, Henderson
1996). The lack of equilibrium in dietary fatty acids may, therefore, modify the func-
tioning and morphology of the liver. This organ is the main energy reservoir, where
energy is often stored in the form of a fat fraction such as triacylglycerols (TGs)
(Kaushik 1997). With a high content of lipids in the diet or the deposition of energetic
surplus in the liver in the form of fat, morphological changes and the accumulation of
vacuole TGs in the cytoplasm of hepatocytes may occur. The increased volume of
hepatocytes and the higher relative volume of lipids in the livers of the pikeperch fed
the AN diet resulted from higher lipid levels in the feed. This has also been suggested
by other authors (Caballero et al. 1999). In spite of the similar content of C 18:2 n-6 in
both commercial feeds, the higher content of it in the larvae fed the AN diet could cause
greater fatness of the liver. This probably resulted from the lipogenic effect of linoleic
acid C 18:2 n-6, which is similar to what was described in mammals, namely, that diets
rich in this acid increase the synthesis of FA and the activity of dehydrogenase glu-
cose-6-phosphate (Ide 2000). On the other hand, the higher content of lipids in the
cytoplasm of hepatocytes in the pikeperch fed Artemia nauplii probably stemmed from
the difference in the FA profile of the freshwater invertebrates which constitute the
natural feed of larval and juvenile pikeperch and Artemia nauplii. The main PUFA of
freshwater invertebrates are C 18:3 n-3, C 18:2 n-6, and C 20:5 n-3 (Bell et al. 1994).
The artificial feeds had a higher content of C 18:2 n-6 but that of C 18:3 n-3 was
two-fold lower than in Artemia nauplii. The considerable reduction of PUFA in the
pikeperch fed Artemia nauplii was either evidence of the inappropriate metabolism of
fatty acids or the lack of nutritional equilibrium (Tacon 1996). PUFA, and especially
C 20:5 n-3, are components of the cellular membranes of such organs as the liver, the
swim bladder, or the pyloric caeca during larval stages (Awaiss et al. 1996). The ratio
n-3/n-6 was higher in the larvae than in the diets. It is possible that pikeperch synthe-
size PUFA and are able to ensure a physiologically necessary level of fatty acids
(Guillou et al. 1995, Bell et al. 1997).

ACKNOWLEDGMENTS

This work was financed by grant 3 PO6Z 027 24 (2003/06) from the State Commit-

tee for Scientific Research.



THE EFFECT OF DIET ON THE FATTY ACID COMPOSITION AND LIVER... 65

REFERENCES

Arzel J., Martinez Lopez F.X., Métailler R., Stéphan G., Gandemer G., Guillaume J. 1994 - Effect of di-
etary lipid on growth performance and body composition of brown trout (Salmo trutta) reared in
seawater — Aquaculture 123: 361-375.

Awaiss P., Kestemont P., Micha J.C. 1996 - Fatty acid profiles of two freshwater fish larvae (gudgeon and
perch) reared with Brachionus calyciflorus Pallas (rotifer) and/or dry diet - Aquacult. Res. 27:
651-658.

Bell J.G., Ghioni C., Sargent J.R. 1994 - Fatty acid composition of 10 freshwater invertebrates which are
natural food organisms of Atlantic salmon parr (Salmo salar): comparison with commercial diets —
Aquaculture 128: 301-313.

Bell J.G., Tocher D.R., Farndale R M., Cix D.I., Mckinney R.W., Sargent J.R. 1997 - The effect of dietary
lipid on polyunsaturated fatty acid metabolism in Atlantic salmon (Salmo salar) undergoing
parr-smolt transformation - Lipids 32: 515-525.

Bengtson D.A., Léger P., Sorgeloos P. 1991 - Use of Artemia as a food source for aquaculture - In: Artemia
Biology (Eds.) R.A. Browne, P. Sorgeloos and C.N.A. Trotman. CRC Press, Boca Raton, F1: 225-285.

Buzzi M., Henderson R.J., Sargent J.R. 1996 - The desaturation and elongation of linolenic acid and
eicosapentaenoic acid by hepatocytes and liver microsomes from rainbow trout fed diets contain-
ing fish oil or olive oil - Biochem. Biophys. Acta. 1299: 235-244.

Caballero M.J., Lépez-Calero G., Socorro J., Roo F.J., Izquierdo M.S., Férnandez A.J. 1999 - Combined
effect of lipid level and fish meal quality on liver histology of gilthead seabream (Sparus aurata) -
Aquaculture 179: 277-290

Caballero M.J., Obach A., Rosenlund G., Monter D., Gisvold M., Izquierdo M.S. 2002 - Impact of different
dietary lipid sources on growth, lipid digestibility, tissue fatty acid composition and histology of
rainbow trout, Oncorhynchus mykiss — Aquaculture 214: 253-271.

Guillou A., Soucy P., Khalil M., Abambounou L. 1995 - Effects of dietary vegetable and marine lipid on
growth, muscle fatty acid composition and organoleptic quality of flesh of brook charr (Salvelinus
fontinalis) - Aquaculture 136: 351-362.

Henderson R.J., Park M.T., Sargent J.R. 1995 - The desaturation and elongation of 14C—la]oelled polyun-
saturated fatty acids by pike (Esox lucius L.) in vivo - Fish Physiol. Biochem. 114: 223-235.

Henderson R.J. 1996 - Fatty acid metabolism in freshwater fish with particular reference to polyunsatu-
rated fatty acids — Arch. Anim. Nutr. 49: 5-22.

Holman R.T. 1986 - Control of polyunsaturated fatty acids in tissue lipids - J. Am. Coll. Nutr. 5: 183-211.

Ide T. 2000 - Effect of dietary alpha-linolenic acid on the activity and gene expression of hepatic fatty acid
oxidation enzymes - Biofactors 13: 9-14.

Jankowska B., Zake$ Z., Zmijewski T., Szczepkowski M. 2003 - Fatty acid profile and meat utility of wild
and cultured zander, Sander lucioperca (L.). EJPAU 6(1): art-02.html.

Kaushik S.J. 1997 - Recent developments in nutrition and feeding of marine finfish of interest to the Medi-
terranean — Communication at INVE Conference Nutritional and the improvement of the sea bass
and sea bream production in the Mediterranean Region. ALITA Trades Show, Thessaloniki, Greece.

Kestemont P., Vandeloise E., Mélard Ch., Fontaine P., Brown P.B. 2001 - Growth and nutritional status of
Eurasian perch Perca fluviatilis fed graded levels of dietary lipids with or without added
ethoxyquin - Aquaculture 203: 85-99.

Kiessling K.H., Kiessling A. 1993 - Selective utilization of fatty acids in rainbow trout (Oncorhynchus
mykiss Walbaum) red muscle mitochondria — Can. J. Zool. 71: 248-251.

Lanari D., Poli M.B., Ballestrazzi R., Lupi P., D’Agaro E., Mecatti M.1999 - The effects of dietary fat and
sition carcass traits and nutrient relation efficiency - Aquaculture 179: 351-364.

Lavens P., Sorgeloos P., Dhert P., Devresse B. 1995 - Larval foods - In: Broodstock management and egg
and larval quality (Eds.) N.R. Bromage and R.J. Roberts. Blackwell, London: 373-397.

Martoja, R., Martoja-Pierson M. 1970 - Tecnicas de Histologia Animal - Barcelona, Toray Masson S.A.,
350 p.



66 T. OSTASZEWSKA, A. BORUTA

Montero D., Robaina L.E., Socorro J., Vergara J.M., Tort L., Izquierdo M.S. 2001 - Alteration of liver and
muscle fatty acid composition in gilthead (Sparus aurata) juveniles held at high stocking density
and fed an essential fatty acid deficient diet — Fish Physiol. Biochem. 24: 63-72.

Pearse A.G.E. 1985 - Histochemistry. Theoretical and applied. Analytic technology - New York, Churchill
Livingstone, 594 p.

Sargent J.R, Henderson R.J. 1986 - Lipids - In: Biological chemistry and marine Copepods (Eds.) E.D.S.
Corner and S.C.M. O’Hara. Clarendon Press, Oxford: 59-108

Sargent J.R., Bell J.G., Bell M.V., Henderson R.J., Tocher D.R. 1995 - Requirement criteria for essential
fatty acids — J. Appl. Ichthyol. 11: 183-198.

Sargent J.R, Bell J.G., McEvoy L., Tocher D.R., Estevez A. 1999 - Recent developments in the essential
fatty acid nutrition of fish - Aquaculture 177: 191-199.

Spisni E., Tugnoli M., Ponticelli A., Mordenti T., Tomasi V. 1998 - Steatosis in cultured marine teleost - J.
Fish Dis. 21: 177-184.

Tacon A.G.J. 1996 - Lipid nutritional pathology in farmed fish — Arch. Anim. Nutr. 49: 33-39.

Washburn KW., Nix D.F. 1974 - Genetic basis of yolk cholesterol content - Poult. Sci. 53 (1): 109-115.

Watanabe T., Kitajima C., Fujita S. 1983 - Nutritional values of live organisms used in Japan for mass
propagation of fish: a review — Aquaculture 34: 115-143.

Wirth M., Steffens W., Meinelt T., Steinberg C. 1997~ Significance of docosahexaenoic acid for rainbow
trout (Oncorhynchus mykiss) larvae — Fett-Lipid 99: 251-253.

Yamada K., Kobayashi K., Yone Y. 1980 - Conversion of linolenic acid to o 3-highly unsaturated fatty ac-
ids in marine fishes and rainbow trout — Nippon Suisan Gakkaishi 46: 1231-1233.

Received - 22 July 2005
Accepted - 09 December 2005

STRESZCZENIE

WPEYW ZYWIENIA NA PROFILE KWASOW TEUSZCZOWYCH I HISTOLOGIE
WATROBY LARW SANDACZA (SANDER LUCIOPERCA (L.))

Celem badan byto okreslenie wptywu zywienia (dwie komercyjne pasze sztuczne i pokarm naturalny
(Artemia i zooplankton) na wzrost, przezywalnosé, profile kwaséw tluszczowych i histologie watroby san-
dacza, Sander lucioperca (L.). Larwy (poczatkowa masa ciata 5,0 + 0,3 mg) podchowywano w laboratoryj-
nych obiegach recyrkulacyjnych, w szklanych akwariach o objetosci 20 dm? (temperatura wody 19 +
0,12°C).

Na podstawie uzyskanych wynikow mozna przypuszczal, ze sktad kwasow thuszczowych w obu
paszach komercyjnych (Bio Kyowa i Aglo Norse) i naupliusach Artemia zaspokajat zapotrzebowanie larw
sandaczy podczas rozwoju. Wskazywata na to wysoka przezywalno$¢ i zadowalajace tempo wzrostu (prze-
zywalno$¢ 50,8-54,4%, masa ciata 0,481-0,575 g, dtugo$¢ catkowita 37,85-48,31 mm). Analiza sktadu
kwaséw ttuszczowych w ciele larw wykazata, ze zastosowane w zywieniu pasze komercyjne wptynety
podobnie na zawarto$¢ poszczegdlnych kwasow ttuszczowych jak pokarm naturalny sandaczy odchowy-
wanych w stawie (tab. 1, 2 i 3). Zywienie sandaczy naupliusami Artemia spowodowato redukcje wielonie-
nasyconych kwasow ttuszczowych w ciele larw oraz wzrost jednonienasyconych kwasow ttuszczowych w
poréwnaniu z zywieniem paszami komercyjnymi (tab. 4). Na podstawie obserwacji histologicznych stwier-
dzono, ze larwy zywione dieta Aglo Norse mialy najwigksza objetos¢ hepatocytow oraz najwigksza
wzgledna objetos¢ cytoplazmy zajmowanej przez lipidy (rys. 11 2).



