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Abstract 

Recent investigations on mineral nutrition in fish have demonstrated that the 
bioavailability of minerals contained in fish meal varies among species. The 
bioavailability of phosphorus in fish meal appears to correlate with the presence of 
acidic gastric juice in the stomach, because it is low in atom.achleB& fish like common 
carp, and high in fish with a stomach BUch as rainbow trout. On the other hand, the 
bioavailability of magnesium in white fish meal to fish is very low. Since the content of 
trace minerals and their inorganic forms vaiy in different kinda of fish meal, their 
bioavailability will also vary due to the kind of fish meal. The bioavailability of zinc 
contained in various fish meals depends on the tricalcium phosphate content of the 
meal in the case of rainbow. trout. Zinc availability is lowest in white fish meal which 

contains the highest level of tricalcium phosphate, and slightly better in brown fish 
meal which contains les■ tricalcium phosphate. On the other hand, the effect of 
tricalcium phosphate on the availability of zinc to stomachleBB fish like the common 
carp is less than to fish with a stomach such as the rainbow trout. The availability of 
manganese in fish meal is relatively high for carp and unaffected by the tricalcium 
phosphate levels in the fish meal. 



Introduction 

Our knowledge of the mineral nutrition of fish is one of the least 
advanced areas of fish nutrition. Although many studies have been 
conducted on osmoregulation, heavy metal toxicity and related 
physiological functions, only a few of the findings are relevant to 
nutrition. One of the reasons for the paucity of research in this area 
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Table 2. Mineral requirement• of liah. 

Mineral Common carp 

p 0.6-0.7% 

Mg 0.04-0.05% 

Zn 15-30 µg.g'1 

Mn 13 µ.g,g·l 

Cu 3 µ.g,,{
1 

Fe 150 µg.g" 1 

Ca 

Se 

Rainbow trout 

0.7-0.8% 

0.05-0.07% 

.,· 15-30 µg,g

13 µa:0 1( 1 

3 IJl•li
1 

Others 

0.68% for red sea bream 
0.83-0,45% for channel catfish 
0,58'h for Japanese eel 
0,9-1.1% for Ayu fish 
0.5-0.6% for chum salmon 
0.8-1.0% for Oreochromis nilo­

ticua 

0.04% for Japanese eel 
0.04% for channel catfish 

10µ.g.g1 
forOreochromis nilo-

ticu. 
20 µg,fj 1 for channel catfish 

12µg,g"1 forOreochromis nilo­

ticus 

3-4 µ.g,g"1 for Oreochromis 

niloticus 

170 µg,1·1 for Japanese eel 
160 µg.g"1 for red sea bream 

0.27% for Japanese eel 

0.03-0.04 µg,i1 for Atlantic
salmon (with Vitamin E) 

0.6 µ.g.g" 1 for 0.5-8.5 g chi­
nook salmon 

1.1 µg,g"1 for 8,5-50 g chi­
nook salmon 

bone mineralization and also lipid and carbohydrate metabolism. 
Certainly the levels of phosphorus required are the highest of all the 
inorganic ions with dietary inclusions of 0.5-0.9% of available 
phosphorus being required for most fish species. Generally, 
phosphorus requirements are not affected by dietary calcium levels 
(Andrews et al. 1973; Lovell 1978; Ogino and Takeda 1976, 1978; 
Ogino and Yang 1979; Sakamoto and Yone 1973, 1978b, 1979c; 
Watanabe et al. 1980a; Wilson et al. 1982). In controlled experiments, 
the growth of both common carp and rainbow trout have been shown 
to correlate positively with dietary phosphorus levels but not with 
calcium levels. However, for most fish species it is difficult to study 
the effects of calcium deficiency because calcium is actively absorbed 

from the water by the gills. 
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manganese, copper or cobalt reduced the level of zinc in vertebrae, 

suggesting interactions between these trace minerals in fish. These 
results indicate that supplemental zinc, manganese and copper are 
essential for rainbow trout diets, especially when they contain fish 
meal as a protein source. 

Similar results were also obtained in common carp (Satoh et al. 
1983b). Feeding a fish meal diet without supplemental manganese 
resulted in lens cataracts (70% of fish) along with short-body 
dwarfism (90%) and depressed growth (Figs. 3 and 4). Deletion of 
zinc, copper or cobalt from the mineral supplement also resulted in 
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Fig. 4. Common carp fed respectively on a control diet 
and fish meal diet without supplement of manganese 
showing dwarfism. 
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cataracts (40-70%) and reduced growth. However, short-body 
dwarfism was not induced by the deletion of zinc, quite different from 
the case of rainbow trout. The mineral composition of vertebrae was 
also affected by these treatments. The deletion of manganese resulted 
in reduced levels of crude ash, calcium, manganese, phosphorus and 
zinc in vertebrae. 

Deletion of both zinc and manganese from the mineral 
supplement in a fish meal diet resulted in the lowest growth of 
rainbow trout (Satoh et al. 1983c). The deletion of zinc alone or 
simultaneously with copper or manganese affected the growth of fish 
more severely than the total deletion of the mineral supplement. 
However, the highest incidence of lens cataracts and short-body 
dwarfism was caused by the single deletion of zinc. Another 
experiment was conducted to examine the availability of trace 
minerals in fish meal by increasing the level of fish meal in the diet 
thus increasing the dietary amount of trace minerals derived from 
fish meal. Growth and feed efficiency of rainbow trout were not 
improved by the treatment, confirming the low availability of trace 
minerals in fish meal to rainbow trout. However, the poor growth and 
low feed efficiency were later found to be mainly due to a low 
availability of zinc which was greatly affected by tricalcium 
phosphate and the availability of manganese was relatively high in 
both common carp and rainbow trout. 

Satoh et al. (1987a) reported that the mineral composition of 
common carp gonads was significantly affected by zinc or manganese 
deletion from the mineral supplement in a fish meal diet. This may 
suggest that the quality of eggs in terms of the rate of eyed eggs and 

hatchability is affected by the mineral status of the broodstock. 
Similar results have previously been observed in rainbow trout 

(Takeuchi et al. 1981). Thus, trace minerals should be provided in 
practical fish meal diets for normal growth and reproduction of fish. 
Hardy et al. (1984) reported that additional fortification ofbroodstock 
salmon diets with copper, cobalt, iron and manganese over standard 
production diet levels did not increase egg levels at spawning or the 
maternal soma levels of these elements, although an additional 
supplement of zinc resulted in slightly increased amounts of this 
mineral in the ovaries of female salmon. Optimum supplemental 
levels of these trace minerals will mainly depend on the level of 
dietary tricalcium phosphate derived from fish meal and on the fish 
species, as described in the next section. 
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Minimum supplemental levels of zinc 
and manganese in fish meal diets for 
rainbow trout and common carp 

The availability of zinc contained in white fish meal and in 
various zinc compounds (ZnSO4, ZnNOa, ZnCl2 and ZnCOa) was 
examined to determine a minimum supplemental zinc level to white 
fish meal-based diets for normal growth of rainbow trout (Satoh et al. 
1987b). Deficiency symptoms were effectively improved by the 
addition of zinc at a level greater than 40 µg·g-1 diet with ZnSO4 or 
ZnNOa (Table 5). When growth was compared among rainbow trout 
receiving diets supplemented with different zine compounds at a level 

Table 5. Apparent digestibility of Zn and available Zn content in the fish meal 
diet for rainbow trout. 

No 40 µg.g·l 
supplementary supplementary 

Diet Zn Zn 

Dietary Zn level (µg.g·l) 39.5 80,2 

Apparent digestibility (%) 0 18.6 

Available Zn content (µg.g·1) 0 14.9 

of 20 µg-g-1 Zn in the diet, it was highest in rainbow trout fed a diet 
supplemented with ZnSO4, medium in fish fed a diet with ZnNOa, 
and lowest in those fed ZnCl2. At a supplemental zinc level of 40 
µg·g-1 Zn, growth was lowest in fish fed a diet with 5ZnO.2COa. 
Short-body dwarfism was recognized in fish fed diets containing 
supplemental zinc at a level less than 20 µg.g-1 diet regardless of the 
form of zinc. The dwarfism was found to be effectively prevented by 
addition of zinc at a level more than 40 µg·g-1 ZnSO4 or ZnNOa. But 
supplement of zinc with 5ZnO-2COa at the same level did not prevent 
completely the appearance of dwarfism. The zinc content of vertebrae 
was lowest in fish fed the diet without supplemental zinc and was 
proportional to dietary zinc levels, reaching a plateau at 
supplemental zinc levels greater than 40 µg-g-1 diet (Fig. 5). The 
results also indicate that the availability of zinc in white fish meal 
was very low. The supplemental level of gre!iter than 40 µg·g-1 of zinc 
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phosphate. Gatlin and Wilson (1983, 1984a) reported a similar result 
in channel catfish. The optimum supplemental zinc level for a 
practical catfish diet containing 42% soybean meal and 11 % 
menhaden fish meal was 150 mg,kg-1 of diet, much higher than the 
value of 20 mg,kg-1 diet for a semipurified diet. However, these 
workers attributed the need for additional zinc to the phytic acid 
content of the practical diet. 

Satoh et al. (1987c) examined the availability of manganese 
contained in white fish meal and the minimum supplemental 
manganese levels needed for a white fish meal-based diet for normal 
growth of common carp. The lowest growth rate and the highest 
incidence of dwarfism were observed in fish receiving a diet without 
supplemental manganese. Performance was effectively improved by 
the addition of MnCl2 at a level greater than 10 µg,g-1 of Mn in the 
diet (Fig. 6). The diet without supplemental manganese contained 3 
µg·g-1 Mn in the diet derived mostly from white fish meal. The 
addition of 10 µg·g-1 Mn in the diet resulted in a total Mn in the diet 
of 13 µg·g-1 , equivalent to the manganese requirement of carp as 
determined by Ogino and Yang (1980) using semipurified diet. This 
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Fig. 6. Effect of Mn levels in white fish meal diets on the per cent weight 

gain and the appearance of dwarfism in common carp. 
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level resulted in satisfactory performance in terms of growth, feed 
efficiency and absence of dwarfism. These results indicate a high 
availability of manganese in white fish meal to carp. 

Satoh et al. (1987c) also examined the availability of various 
manganese compounds (MnSO4, MnCO3, MnO2, MnCI2) and found 
that MnSO4 and MnCl2 were the most suitable sources of manganese 
for carp. The availability of Mn in MnO2 and MnCO3 was very low to 
carp. 

Effect of dietary tricalcium 
phosphate on zinc bioavailability 

to rainbow trout and common carp 

Reduction in the bioavailability of zinc in fish meal-based diets 
by tricalcium phosphate in the form of hydroxyapatite has been 
studied by Hardy and Shearer (1985) and Satoh et al. (1987d) using 
semipurified diets containing different levels of tricalcium phosphate. 
The former reported that dietary tricalcium phosphate levels in 
casein-gelatin diets had no significant effect on weight gain but that 
increased dietary levels of tricalcium phosphate reduced whole body 
zinc concentration of rainbow trout. The latter authors reported that 
supplementation of 7% tricalcium phosphate, a level equivalent to 
that contained in a white fish meal-based diet, to an egg albumin diet 
greatly reduced the growth rate and feed efficiency which were not 
improved by the addition of 40 µg-g-1 Zn in the diet (Fig. 7). The 
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Fig. 7. Combined effect of dietary tricalcium phosphate 
and Zn levels on growth rate in rainbow trout. 
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availability of zinc was greater than 93% in the tricalcium-free diets, 
however, it was markedly reduced by increasing level of dietary 
tricalcium phosphate (Fig. 8). Zinc in the 7% tricalcium phosphate 
diet was found to be essentially unavailable to rainbow trout. 
Furthermore, it was found that supplementation of 80 µg-g-1 Zn in 
the diet was necessary for the diet containing 7% tricalcium 
phosphate to obtain the same growth rate and feed efficiency, along 
with similar whole-body mineral composition, as fish fed a tricalcium 
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Fig. 8. Combined effect of dietary Zn and tricalcium 

phosphate levels on digestibility of Zn in rainbow trout. 

phosphate-free diet containing 40 µg-g-1 Zn in the diet. These results 
demonstrate that tricalcium phosphate greatly reduces the 

availability of zinc and that a minimum supplemental level of 40 
µg·g-1 Zn in the diet was necessary for white fish meal-based diets
which contain about 7% tricalcium phosphate and 40 µg·g-1 of Zn. 
Similar results have been obtained by Lall and Hines (unpublished 
data) on the availability of manganese in fish meal to Atlantic salmon 
and brook trout. 

Phytic acid in plant protein sources, such as soybean meal or 
cotton seed meal, is known to chelate strongly divalent minerals such 
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severe in fish fed the other fish meal diets which were lower in 
tricalcium phosphate. 

On the other hand, the manganese contained in these four kinds 
of fish meal was found to be highly available to carp (Satoh et al., in 
press). the manganese requirement of carp was satisfied by the 
manganese derived from each fish meal along with the supplemental 
manganese. No difference was observed in the performance offish fed 
these diets and those fed the control diet. The availability of 
manganese was not effected by the tricalcium phosphate content of 
fish meal, quite different from the case of zinc. 

Discussion 

As mentioned above research on the mineral requirement of fish 
has been advancing rapidly. However, many questions remain in this 
area. For example, additional studies are needed on the interaction 
between certain minerals that may alter their bioavailability. 
Mineral availability data are needed for the various feed ingredients 
which have potential use in fish feed. Feeds need to be formulated to 
reduce the amount of undigested nutrients which are excreted by the 
fish and serve as potential pollutants, such as phosphorus. Finally, 
there is a need for the development of a simple method for the 
determination of the available mineral content in the diet. 
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