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ABSTRACT

Six duplicate groups of young Atlantic salmon weighing about 30 g, were fed extruded dry
feeds with three lipid sources (soyabean oil, capelin oil and sardine oil) with or without addition
of 300 mg a-tocopheryl acetate per kg diet.

The three lipid sources were chosen to provide three levels of dietary (n-3) polyunsaturated
fatty acids. After about five months feeding in tanks supplied with brackish water the fish were
transferred into net pens in the sea and the feeding regime was continued for another seven
months before sampling.

During the experiment there were no significant differences in growth between the groups.

The zinc status in the fish was measured as zinc concentrations in serum, liver, muscle, épleen
and vertebrae in addition to serum alkaline phosphatase activity. There were no significant
differences in zinc status between the six dietary treatments.

Selenium status was measured as hepatic, serum, muscle, spleen and vertebrae selenium
concentrations. There was a marked difference in selenium status depending on the dietary
lipid source, soyabean oil giving the highest and capelin oil the lowest selenium status.
Selenium status was not affected by the supplementation of dietary or-tocopheryl acetate.

INTRODUCTION

The trace elements zinc (Zn) and selenium (Se) are necessary for good growth
and health in fish (Lall, 1989), even though exact dietary requirements are
difficult to quantify (NRC, 1981). The intestinal absorption of the elements
are susceptible to dietary interactions with other micronutrients as well as
with other feed components (Hilton, 1989; Maage et al., 1990a). Such interac-
tions may give poor growth and negatively affect fish health (Ketola, 1979).
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There is evidence of substantial interactions between zinc and fatty acids
(Hambidge et al., 1986) and it has been suggested that increased levels of
essential or unsaturated fatty acids enhance zinc absorption i rats (Hamilton et
al., 1981; Cunnane, 1982; Knudsen ¢t al., 1989). Interactions between trace
elements and dietary lipids in fish nutrition have, to our knowledge, not been
reported.

The dietary requirement of vitamin E (as &-tocopherol) in fish is affected
by the dietary lipids (Cowey ¢t al., 1981, 1983; Watanabe et al., 1977, 1981).
Further, there is an interaction between dietary vitamin E and selenium in
the body’s defence against lipid oxidation in fish (Poston et al., 1976). A high
content of dietary polyunsaturated fatty acids is a potential risk of in vivo
oxidation which enhance the dietary vitamin E requirement.

Elevated levels of (n-3) fatty acids and vitamin E have been suggested to
improve fish health (Hardie ez al., 1990; Salte et al., 1988).

The present study reports on the effect of three dietary lipid sources with
different levels of (n-3) unsaturated fatty acids and vitamin E on the tissue
levels of zinc and selenium in Atlantic salmon (Salmo salar).

A preliminary account was given orally at the Third International Sympo-
sium on Feeding and Nutrition in Fish, Toba, Japan, August 28th-Sept Ist,
1989.

MATERIALS AND METHODS
Fish
Six duplicate groups of Atlantic salmon (Salmo salar) were used. Initially 750
fish per tank (1.5m x 1.5m x 1.5m), weighing approximately 30 g were set up
in brackish water. After 5 months the fish (n = 450 per group) were transfer-
red to net sea pens (3m x 6 m x 6m) and fed the experimental diets for an
additional seven months.

The fish were fed continuously by automatic feeders the first seven months
and when transferred to net sea pens, they were fed to satiety twice a day.

At the end of the feeding period five fish were randomly sampled from each
net pen (medio March). The fish were killed by a blow on the head, weighed,
blood samples were collected from the caudal vein and organs dissected,
weighed, freeze dried and homogenized for mineral analyses. Serum samples
were stored at -80 °C until analyses.

At the time of sampling (March) the water temperature was about 8 °C.,

Drets

Extruded dry pellets containing per kg: 330 g fish meal, 290 g soyabean
protein concentrate, 160 g extruded wheat and 60 g vitamin/mineral mix
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Table 1. Fatty acid composition of the different experimental diets.

Lipid sources

Analyses Soyabean oil Capelin oil Sardine oil
Sum saturated (%) ................. 16.6 21.3 24.9
Sum Monoenes (%) ...ooviiiiiiaiins 24.8 51.1 27.1
Sum Polyenes (%) ..................... 58.4 25.0 42.1
(M-3)PUFA (%) eoveieieiainiinnn, 11.7 19.8 36.4

were made by Skretting A/S, Norway. The pellets were coated with 16%
(w/w) of either soyabean oil (A/S DeNoka Lilleborg Fabrikker, Norway),
capelin oil (Norsildmel, Norway) or sardine oil (J.C. Martens & Co., Nor-
way) each with (300 E) or without (0 E} addition of 300 mg vitamin E as
a-tocopheryl acetate (Rovimix E 50, Roche) per kg feed. The sardine oil was
stabilized with 0.2 g ethoxyquin/L oil.

Proximate analyses showed the content of protein, fat and ash to be 480,
180, 60 g/kg, respectively. The element composition of the diets were as
follows: Ca: 10.1 g/kg, P: 9.1 g/kg, Mg: 1,7 g/kg, Zn: 352 mg/kg, Fe: 193
mg/kg, Cu: 17.5 mg/kg and Se: 1.3 mg/kg.

The fatty acid composition (summed classes of lipids) of the feeds are given
in Table 1. The analysed content of vitamin E as -tocopherol in the feeds were
about 50 and about 270 mg/kg feed in the 0 E and 300 E group, respectively.
For further details on experimental procedures see Waagbe et al. (1990).

Analyses

Freeze dried samples of muscle, liver and vertebrae as well as serum and feed
samples were digested in nitric/perchloric acid (9:1) according to Julshamn
and Andersen (1982).

Calcium, phosphorous, magnesium, zinc, iron and copper were analysed
by flame atomic absorption spectroscopy (Perkin Elmer 3030). Selenium
analyses were performed by graphite furnace atomic absorption spectroscopy
(Perkin Elmer 5000 AAS or 5000 Zeeman equipped with a Perkin Elmer 500
HGA) as described by Maage et al. (1990b). All element analyses were
controlled by concomitant analyses of Oyster Tissue and Bovine Liver stan-
dards from the National Institute of Standards and Technology, USA.

Determination of blood hemoglobin, serum alkaline phosphatase and total
protein were carried out according to Sandnes et al. (1988). Analyses of total
fatty acids and @-tocopherol in the féeds were performed as described by

Waagbg et al. (1990).
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Statistical analyses

Statistical analyses were performed by use of Student’s t-test.

RESULTS
Growth

There were no differences in weight gain between fish given the six dietary
treatments. Fish from all groups grew from about 30 g to about 400 g (mean
range 373-418 g; S.D. range 47-100) during the experimental period of 12
months.

Line status

There were no significant differences in zinc concentration in serum or any
organ between the groups (Table 2). The serum alkaline phosphatase (AP)
activity was in the normal range (504-722 U/L) for all groups.

Selenium status

As seen from Table 3 significant differences were found for the hepatic
selenium concentrations between the dietary groups. However, no effect was
observed for the addition of vitamin E.

The hepatic selenium concentrations varied from about 4.8 mg Se/kg wet
weight in the fish fed the soyabean oil diet to about 3.1 mg Se/kg in the
capelin oil groups, with sardine o1l groups in between. The same pattern was
also seen in vertebrae and muscle tissue while an opposite relation was found
in the spleen.

Serum selenium concentrations were less affected by the dietary treat-
ments, but the fish fed sardine oil added vitamin E had significantly higher
serum selenium concentration than the fish fed capelin oil added vitamin E.

Other analyses

The mean blood hemoglobin (8.2- 9.1 g/100 mL) and serum protein concen-
trations (31.6-37.3 g/L) were not significantly different between the groups
and were in the normal ranges of Atlantic salmon as described by Sandnes et

al. (1988).




Table 2. Zinc status indicators. Mean concentrations (2SD, n=10) of zinc in serum (mg/L) and organs (mg/Kg wet weight) in Atlantic salmon given

different dietary lipids at two vitamin E levels.

Lipid sources Soyabean oil Capelin oil Sardine oil

Vit E addition (mg/Kg) 0 300 0 300 0 300
SETUIT « v vene e, 16.5+5.021 16.6+5.12 17.0£3.72 16.543.92 17.7£2.92 17.0£4.92
LAVET e oo 24 341.4% 28.1+5.92 24.142.92 24.4+1.6% 24.9-+3.42 26.0+2.4*
VEItEDIAC - nvner e 73+15°%b 754292b 74+302b 824942 701620 5916
MUSCLE « e 4.540.62 554112 5.441.42 5.04+0.72 4.840.62 4.9+0.6%
Spleen® ... .o 74 77 83 74 78 73

1) Means in one line sharing a common superscript are not significantly different (p>0.05).
2} Mean of two pooled samples of five fish each.

Table 3. Selenium status indicators. Mean concentrations (£, n=-10) of selenium in serum (mg/L) and organs (mg/Kg wet weight) in Atlantic

salmon given different dietary lipids at two vitamin E levels.

Lipid sources Soyabean oil Capellin o1l Sardine oil

Vit E addition (mg/Kg) 0 300 0 300 0 300
SEIUM. «vereen e 0.14+0.022)  0.1440.032>  0.1440.022b 0.1340.022 0.1430.022b 0.1540.02P
LAVEL e eee e et 4.8+1.0¢ 4.841.3b¢ 3.240.52 3.140.82 4.340.8b¢ 3.840.7°
VErtebrae «..oone o eeeaean.n 0.21+0.05° 0.19+0.062%  0.17+0.052P 0.164+0.032 0.19£0.052b 0.19£0.04"
MUSCLE oot 0.1940.03¢ 0.160.03%  0.1440.022P 0.13£0.012  0.17£0.05%4  0.184-0.03¢¢
Spleen® ... 4.2 3.9 5.2 5.0 4.7 45

) Means in one line sharing a common superscript are not significantly different (p>>0.05).
2) Mean of two pooled samples of five fish each.

g6
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DISCUSSION

Line status

Serum zinc concentration is the most widely used clinical indicator of zinc
status in experimental animals (Anonymus, 1987). The activity of some zinc
containing enzymes, especially serum alkaline phosphatases, are also good
status indicators especially when zinc deficiency is involved (Everett and
Apgar, 1987).

Neither the serum zinc concentration nor the zinc concentrations in the
organs analysed differed between the diets used in this experiment. This
suggests that at the high dietary zinc levels (more than 300 mg Zn/kg) used in
commercial salmon feeds, negative effects on zinc metabolism may not be
expected on zinc status in salmon by changes in feed composition such as
reported in this work. Nevertheless it should be emphasized that this might
not be the case at lower dietary levels of zinc.

Selenium status

Surprisingly, the selenium status in the fish varied significantly with the
dietary lipid source. Capelin oil gave the lowest selenium status, soyabean oil
the highest status and sardine oil in between. This was especially pronounced
in the liver.

Oxidized lipids may increase the requirement of functional GSH-Px and
thus the requirement of Se. The selenium levels found were not related to the
intake of (n-3) PUFA. One possible explanation for these results may be the
high concentration of monoene fatty acids, especially the long chain mono-
enes, 20:1 (n-9) and 22:1 (n-9), in capelin oil. In mammals, it has been shown
that these fatty acids in an adaptable way are partly oxidized outside the
mitochondria, in small organelles called peroxisomes. The main resulting
metabolic products are acetic acid and hydrogen peroxide (Anonymus, 1984;
Bremer, 1989). The enzyme catalase in the peroxisomes normally takes care
of the hydrogen peroxide formed, but it is possible that this reaction also leads
to a higher demand for GSH-Px outside the peroxisomes thereby lowering the
selenium status compared to the other dietary groups.

The hepatic selenium concentration in the fish with the lowest values (3.1
mg Se/kg wet liver or 12.3 mg Se/kg dry liver) were in good agreement with
the levels found by Hilton et al. (1980) who gave about the same dietary
selenium concentration to rainbow trout. This concentration is well above the
levels where any deficiencies would be expected. This is supported by the fact
that selenium from fishmeal have been shown to be readily available for fish

(Bell and Cowey, 1989).
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There were no obvious effects of adding vitamin E on the selenium status in
the fish regardless of the lipid source in this experiment. It has been shown that
selenium deficiency is less likely to occur when sufficient vitamin E is present
(Poston et al., 1976). The diets with lowest vitamin E concentration (40-50 mg
vit E /kg) contained all more than the proposed dietary requirement of 30
mg/Kg (Halver, 1989) for salmonids. Further studies are required to find out
whether interactions between dietary vitamin E and selenium status occur in
vitamin E deficient fish.

The concentration of zinc (350 mg/kg) and selenium (1.4 mg/kg) found in
the feeds were in accordance with levels carlier reported in commercial
salmon feeds (Maage ef al., 1989). It should be noted that the dietary levels in
this experiment were much higher than the levels suggested as dietary
requirements for salmonids (Lall, 1989).

In conclusion, no effects of the lipid sources and vitamin E levels were found
on the zinc status, but some clear effects were found on the selenium status of
the lipid sources. However, the dietary changes in this experiment with
similar levels of zinc and selenium as generally found in commercial salmon
feeds, did not have negative effects or lead to any deficiencies of the trace
elements investigated.
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