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ABSTRACT 

Grisdale-Helland, B., Helland, S.J. and As&d. T., 199 I. Problems associated with the present use of 
menadione sodium bisulfite and vitamin A in diets for Atlantic salmon. .4quaculture. 92: 35 l-358. 

The growth and mortality of Atlantic salmon (initial weight 0.18 g) fed practical diets supple- 
mented with vitamin K, or menadione sodium bisultite (MSB) and 0. 5000 or 50 000 IU vitamin 
A/kg diet were studied over a 28-week period in fresh water. The fish fed MSB grew 7% slower 
(PcO.05) than those fed vitamin K,. There was no effect of vitamin A level on growth. Mortality in 
the last 8 weeks of the trial was significantly affected by vitamin A level and an interaction between 
vitamins A and K. In the groups receiving vitamin K,, supplementation of the basal diet with 5000 or 
50 000 IU vitamin A/kg diet resulted in a higher mortality rate (PcO.05) than when no vitamin A 
was added. A difference was also evident in the groups which were not fed supplemental vitamin A; 
the fish which received vitamin K, exhibited significantly less mortality than those fed MSB. These 
results suggest that the present use of MSB and vitamin A in salmonid diets is not optimal and may 
make the fish more susceptible to environmental and pathogenic stress factors. 

INTRODUCTION 

A major hindrance to the expansion of the production of farmed Atlantic 
salmon (&ho salar L. ) in Norway has been the occurrence of various dis- 
eases, such as cold-water vibriosis. Cold-water vibriosis is characterized by 
hemorrhages on the surface of and within internal organs, anemia and edema 
(Egidius et al., 198 1, 1984; Poppe et al., 1983; Fjolstad and Heyeraas, 1985 ). 
Because these symptoms are related to problems with the circulatory system, 
we began to investigate the possibility of a link with vitamin K, which is inti- 
mately involved in blood coagulation. 

Natural, fat-soluble forms of vitamin K are produced by plants (phylloqui- 
none; vitamin Ki ) and bacteria (menaquinones; vitamin K,). In general, 
farmed salmon are fed diets supplemented with a synthetic, water soluble an- 
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alogue of menadione (vitamin K3), menadione sodium bisulfite (MSB). 
Toxicity symptoms of menadione and its analogues observed in mice, rats, 
humans and horses include hemorrhages in the liver, kidneys and lungs, he- 
molytic anemia, decreased spontaneous activity, increased respiration and 
renal failure (Shimkin, 1941; Smith et al., 1943; Owens, 197 1; Rebhun et 
al., 1984). Smith et al. ( 1943) also noted reduced growth in rats given chronic 
injections of MSB. No symptoms of toxicity have been reported for vitamins 
K1 or I&. 

The objective of this experiment was to investigate the possibility of re- 
duced performance of Atlantic salmon fed practical diets supplemented with 
MSB in comparison with those fed supplemental vitamin K,. The interaction 
between vitamin K and vitamin A was also studied in this experiment, be- 
cause of possible negative effects of high levels of vitamin A on intrinsic vi- 
tamin K2 production by microbes in the intestine, absorption of vitamin K or 
interference with the metabolism of vitamin K (Walker et al., 1947; Wost- 
mann and Knight, 1965 ). 

MATERIALS AND METHODS 

Triplicate groups of Atlantic salmon were fed diets differing in type of vi- 
tamin K and level of vitamin A in a completely randomized design. They 
were fed for approximately 7 months from the start of feeding. The six treat- 
ments consisted of 30 mg MSB/kg feed (containing a minimum equivalent 
of 5 1% menadione; Hoffman-La Roche, Basle, Switzerland) or the equiva- 
lent moles of vitamin K,/kg feed (Phytomenadione; Merck, Darmstadt, 
FRG), in combination with the supplementation of 0, 5000 or 50 000 IU 
vitamin A/kg feed (Rovimix A-500; Hoffman-La Roche, Basle, Switzerland). 

A commercial, granulated feed produced by steam-pelleting and consisting 
mainly of low-temperature-dried lishmeal and extruded grain was purchased 
without supplemental vitamins, minerals and oil. The vitamins for each treat- 
ment were mixed with the base vitamin mix and then applied to the feed as a 
top dressing. In a cement mixer, batches of feed were sprayed with capelin oil 
and then the vitamins and minerals were mixed in. The rest of the oil for the 
batch was sprayed on during mixing to coat the micronutrients. The compo- 
sition of the feed and content of the base vitamin and mineral mixes are given 
in Table 1. Inositol was inadvertently left out of the base vitamin mix. Vita- 
min A levels in the base feed and oil were analyzed by Nordisk Analyse Cen- 
ter, Oslo, Norway (Table 1). The feeds were mixed approximately once a 
month and were stored in covered containers in a refrigerated room. 

The fish were maintained under constant light in fresh water in 2-m2 tanks 
and feed was provided in excess from automatic feeders, 24 h/day. Mortality 
was registered daily and the fish were weighed in bulk and sampled every 4 
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TABLE 1 

Composition and proximate analysis of the feed 
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0.3,0.6 mm granules” 1,2, 3 mm granulesb 

Composition (O/o)’ 
Fish meal“ 
Extruded wheat 
Extruded corn 
Alginate and guar gum 
Capelin oil 
Vitamin/mineral mix’ 

71 67 
7.5 7.5 
7.5 7.5 
8.5 7.5 
5 9 
0.5 0.5 

Vitamin A (W/kg)’ 72 500 72 500 

Proximate analysis 
Dry matter (O/o) 91.01 f0.03 
Percent of dry matter (%) 
Protein 54.42kO.14 
Fat 16.95+0.17 
Ash 10.89+0.05 

89.82+0.15 

52.88 +0.09 
23.13kO.13 

9.90* 0.03 

“Fed until the average fish weight was approximately 1.5 g. 
bFed when the average fish weight was greater than 1.5 g. 
‘Composition according to producer’s specification. 
“Norway pout 45Oh; capelin 25%; herring 1 gob, sand eel 12%. 
Supplied per kg diet: vitamin Ds, 1000 IU; DL-alpha-tocopherol acetate, 200 mg; thiamin, 20 mg; 
riboflavin, 50 mg; pyridoxine, 30 mg; Ca-panthothenate, 80 mg; niacin, 300 mg; folic acid, 10 mg; 
cobalamine, 0.02 mg; biotin, 0.4 mg; choline chloride 1.2 g; ascorbic acid, 400 mg; Fe ( FeSO,), 80 
mg; I (Ca[10,]2), 3 mg; Mn (MnSO,), 80 mg; Zn (ZnSO.,), 100 mg; Se (Na2Se0,), 0.2 mg; Cu 
( CuSO,), 16 mg. (Kindly donated by Felleskjepet A/S. ) 
rContent of vitamin A in the feed before supplementation. 

weeks. The oxygen content of the water, measured at the point of exit from 
the tank, was registered weekly and temperature was monitored daily. 

The initial biomass per tank was 800 g, and the average individual weight 
was estimated to be 0.18 g. In week 17, half of the fish died in one tank on 
treatment MSB-5000 IU vitamin A when the water accidentally drained out. 
After an additional day of high mortality in that tank, the daily mortality and 
weights recorded at week 20 indicated no apparent carry-over effects of this 
accident on the remaining fish. Because of the low number of fish in that tank 
and the need to reduce the density in all tanks at week 20, the triplicate tanks 
of fish from each treatment were mixed together and then randomly reallo- 
cated again to triplicate tanks containing 2500 g fish per tank. At the end of 
the experiment all the fish were counted and average individual weights were 
established for 20,24 and 28 weeks on test. 

Fish sampled at 24 weeks were analyzed for ash (55O”C), dry matter 
( 105”C), protein (Tecator Kjeltec Auto System) and fat (Tecator Soxtec 
HT6 ) content. 
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At 28 weeks, blood was sampled from the caudal vein of live fish per tank. 
Pooled blood samples were analyzed for hemoglobin concentration by the 
cyanomethemoglobin method (Merkotest ) and packed cell volume. 

The data were analyzed by analysis of variance for the main effects of type 
of vitamin K and level of vitamin A and the interaction between the two vi- 
tamins (Snedecor and Cochran, 1979). The results from the one tank on 
treatment MSB-5000 IU vitamin A in which half of the fish died, for the pe- 
riod 6 to 20 weeks on test, were removed from the analysis. The results before 
and after biomass standardization at 20 weeks were analyzed separately. The 
mortality data from 20 to 28 weeks on test was arcsin-transformed. Compar- 
isons between groups were made using least-squares means. Data are pre- 
sented as means ? standard error. 

RESULTS 

The water temperature during the 7-month experiment varied from 6.6 to 
17.7”C and the oxygen content from 6.3 to 12.2 ppm. 

At 24 and 28 weeks there was a significant main effect of type of K vitamin 
on growth. The weight of the fish receiving diets supplemented with MSB was 
6.7 and 7.3% less (PC 0.05 ) than those fed diets supplemented with vitamin 
K,, at 24 and 28 weeks, respectively (Table 2). The effect of type of vitamin 
K on weight at 24 weeks was significant within the 0 and 5000 III/kg of vi- 
tamin A levels; at 28 weeks this effect was only significant within the 5000 
III/kg level. 

There were no significant dietary effects on proximate composition of the 
fish at 24 weeks (Table 2). 

Analysis of blood sampled at 28 weeks revealed no differences among treat- 
ments in percentage packed cell volume (47.0 + 0.8%) or hemoglobin con- 
centration (9.6 t 0.1 g/ 100 ml). 

In the first 6-week period (fry stage) and in the 6-20-week period of the 
experiment, no significant treatment effects on mortality were found (Table 
3). Total mortality during the first 20 weeks averaged 9.3 + 0.7%. In the 8- 
week period following biomass standardization, the mortality rate was less 
than l%, but there was a significant main effect of vitamin A level and a sig- 
nificant interaction between vitamins A and K. Of the fish which were fed 
diets with vitamin K,, those fed diets not supplemented with vitamin A had 
the least mortality (PC 0.05). A comparison between the groups which re- 
ceived feed not supplemented with vitamin A revealed that the group which 
was fed MSB had more mortality than that which received supplemental vi- 
tamin K, (P-c 0.05). The cause of the mortality was not determined. 
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TABLE 2 

Effect of diet on live weight and whole-body proximate analysis 

Type of vitamin K 

Vitamin K, MSB 

Vitamin A level: 0 5000 50000 0 5000 50 000 

Fish/tank, 28 weeks 1033 rf: 7 1074+37 1039232 lO80&39 1103+ 10 1096+42 
Live weight (g/fish) 

24 weeks” 7.9kO.lb 8.0+0.1” 7.8 ? 0.6b 7.3+0.2’ 7.3?0.1’ 7.6 Z!Z 0.2b 
28 weeks” 18.1 f0.3b 17.9?0.4b 17.6f0.9b 17.1 +0.6b 16.450.2’ 16.2f0.6b 

Proximate analysis, 24 weeks 
Dry matter (% ) 28.5f0.2 27.8f0.2 27.8kO.3 27.5kO.l 27.420.1 27.7kO.I 
O/o of dry matter 
Protein 52.6 ? 0.6 52.720.5 53.4? 0.6 53.4kO.4 54.2 ? 0.2 53.8+ 1.0 
Fat 36.OkO.4 35.8f0.5 35.1 kO.6 35.4kO.7 34.7 ? 0.8 36.OkO.4 
Ash 8.0+0.1 8.4kO.l 8.3kO.3 8.4f0.1 8.5kO.4 8.3 + 0.3 

“Significant difference between vitamin K, and MSB (P~0.05). 
kDifferent superscripts: significant difference between type of vitamin K, within vitamin A level 
(PC 0.05). 
d’Different superscripts: significant difference between type of vitamin K, within vitamin A level 
(P<O.Ol). 

TABLE 3 

Effect of diet on percent mortality in periods of the trial 

Type of vitamin K 

Vitamin K, MSB 

Vitamin A level: 0 5000 50 000 0 5000 50 000 

Period Mortality (O/o) 

0- 6 weeks” 5.7 * 0.9 7.Ok2.6 8.5f 1.8 5.6f 1.2 4.5fO.l 6.OkO.3 
6-20 weeks” 3.3 * 0.2 3.520.8 2.1 kO.3 2.2kO.3 3.OkO.l 3.7kO.6 

20-28 weeksbc 0.5~0.ldf 0.9~0.0C’ 1.0?0.2~’ 0.9kO.ld8 0.9?0.1d’ l.O~O.ld’ 

“Percent mortality of the estimated number of fish per tank at the start of the trial. 
bPercent mortality of the actual number of fish per tank after biomass standardization at 20 weeks. 
‘Significant effect of vitamin A level and interaction between type of vitamin K and vitamin A 
(PCO.05). 
d’Different superscripts: significant differences between vitamin A level, within type of vitamin K 
(PCO.05). 
“Different superscripts: significant differences between type of vitamin K, within vitamin A level 
(PCO.05). 
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DISCUSSION 

In the first 20 weeks of the experiment, there was no effect of type of vita- 
min K supplementation on fish growth (Table 2 ) . Since we did not compare 
diets supplemented with MSB or vitamin K1 to a diet deficient in vitamin K, 
we cannot draw any conclusions about a specific requirement of vitamin K 
for growth. Reports of research with rainbow trout (Kitamura et al., 1967a) 
and brook trout (Phillips et al., 1963) though, have indicated no effect on 
growth of supplementing diets for 16 weeks with menadione or K,, 
respectively. 

Although we cannot eliminate the possibility that MSB was less efficiently 
utilized than vitamin K,, it is possible that the significant reduction in growth, 
at 24 and 28 weeks on trial, of the salmon fed MSB (Table 2) was the result 
of chronic toxicity of this compound. Daily injections of 25 mg/kg body weight 
of MSB resulted in reduced growth in rats (Smith et al., 1943). This level is 
approximately 50 times the oral dose of MSB (per kg body weight) received 
by the salmon, but the effect was seen after only 16 days. The difference in 
growth of the fish was evident at 24 weeks, and thus, the salmon may have 
suffered from chronic toxicity as a result of a low level of MSB combined with 
a long duration. 

The practical diet used in our study contained a base level of 72 500 IU 
vitamin A/kg and thus, we are comparing diets containing a total of 72 500, 
77 500 and 122 500 IU/kg. The level of vitamin A supplementation had no 
significant effect on growth of the salmon. This is in contrast to results with 
brook trout (Poston and Livingston, 1971) in which the addition of 50 000 
IU vitamin A/kg diet had a detrimental effect on growth. Eckhert and Kem- 
merer ( 1974) also reported a negative relationship between growth of rain- 
bow trout and supplementation of the feed with vitamin A, when levels of 
10 000 to 40 000 IU/kg diet were compared. Other results indicate that the 
growth of rainbow trout is only affected when the level of vitamin A is over 
904 000 IU/kg diet (Hilton, 1983). It is difficult to make a direct compari- 
son of these studies because of possible interactions on growth between the 
level of vitamin A and dietary protein or amino acid content (Poston and 
Livingston, 197 1; Eckhert and Kemmerer, 1974) and possible species differ- 
ences. In addition, except for the study of Eckhert and Kemmerer ( 1974) in 
which a purified diet was used, no account is taken of the level of vitamin A 
in the feedstuffs before supplementation. 

Mortality during the first 20 weeks of the experiment was within the nor- 
mal range and was not found to be affected by the dietary treatments. It is 
possible that any effects of treatment on mortality during this period were 
masked by other, non-defined factors. The mortality during the last 8 weeks 
of the trial averaged only 0.9%, but was influenced by the level of vitamin A 
added to the diet and an interaction between vitamins A and K (P< 0.5 ). The 
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effect of providing vitamin K1 and no additional vitamin A was clearly ad- 
vantageous, and resulted in approximately half of the mortality of the other 
group. The design of this experiment does not allow us to determine the ac- 
tual cause of this difference. It does indicate, however, that we may be using 
the wrong type or amount of vitamin K and an incorrect level of vitamin A in 
diets for Atlantic salmon. 

The requirement for vitamin A has not been determined for Atlantic salmon. 
The lishmeal and oil in the commercial diet used in this experiment, however, 
provided enough vitamin A to supply 29 times the known vitamin A require- 
ment for rainbow trout (2500 III/kg; Kitamura et al., 1967b). In the Nor- 
wegian fish farming industry, it is difficult to obtain practical tishmeal-based 
diets with low levels of vitamin A. This is because fish species low in vitamin 
A, such as herring and capelin (Asbjomsen, 1988), are in short supply. In 
spite of the large quantity of vitamin A inherent in fishmeal used in Norwe- 
gian fish farming, it is common practice to supplement salmonid diets with 
5000 IU vitamin A/kg diet. In the light of the present results on growth and 
mortality, the justification for this supplementation can be questioned. 

It is evident from this study that the present practice related to the use of 
MSB and vitamin A in salmonid diets may not be optimal in relation to fish 
growth and health, and may reduce the resistance of the fish to environmental 
and pathogenic stress factors. 
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