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Chum salmon, Oncorhynchus keta, held in freshwater and weighing an average of 1.5g, were 

fed purified diets containing different amounts of calcium and phosphorus for 7 weeks. The 

growth rate correlated positively with dietary phosphorus levels but not with calcium levels. Feeding 
a low-phosphorus diet resulted in reduced growth, low feed conversion and insufficient development 
of the bones. Dietary phosphorus levels greatly affected the ash, calcium and phosphorus contents 

of the bones. The available phosphorus level in a diet producing the maximal growth and the 

normal development of bones was found to be 0.5-0.6%, when the rearing water contained an 
adequate amount of calcium.

The results obtained with fish fed diets containing white fish meal as a protein source also 

demonstrated that the availability to chum salmon of the phosphorus contained in the fish meal 
was relatively high. Thus the supplementation of the diets containing this fish meal with primary 

sodium phosphate resulted in no acceleration of the growth response of the fish.

Recent studies1-10) on mineral requirements of 
fish have demonstrated that among inorganic 
matters phosphorus is one of the most important 
nutrients for growth and normal development of 
bones in fish. MURAKAMI1'2) reported that the 
addition of sodium phosphate (monobasic) to carp 
diets containing fish meal as a protein source was 
effective in promoting growth and in prevention of 
deformity of the skull. This supplemental effect 
of phosphorus is satisfactorily explained by the 
recent results of OGINO et al.5,10) who demon-
strated that the availability of phosphorus con-
tained in fish meal was fairly low to carp compared 
with that to rainbow trout. The requirement of 
available phosphorus in diets is reported to be 
0.6-0.8% in any fish species5,6,8) and is not affected 
by dietary calcium levels.5,6)

Following a previous study, in which the avail-
ability of various kinds of dietary phosphorus in 
carp and rainbow trout was demonstrated,101 we 
have attempted the determination of the phos-

phorus requirement of chum salmon, Oncorhynchus 
keta, in a freshwater environment, by feeding diets 
containing different levels of phosphorus or cal
cium. The results demonstrate that the growth 
and the development of bones are correlated only

 with the dietary levels of phosphorus, and not with 
calcium, when the feeding experiments were carried 
out in the water containing an adequate amount of 
calcium. The results also show that the avail-
ability to chum salmon of phosphorus contained 
in fish meal was around 71% The requirement 
of chum salmon for available phosphorus required 
to produce maximal growth and normal skeletal 
formation under the present experimental con-
ditions is proven to be 0.5-0.6% of the diet.

Materials and Methods

Experimental Diet

Feeding experiments were conducted twice 

(Experiments I and II). The compositions of the 

test diets are listed in Table 1. In Exp. I egg albu-

min denatured by boiling with ethyl alcohol for 

5h was used as a protein source. Dietary calcium 

and phosphorus levels were adjusted with calcium 

lactate and a mixture of 25g of sodium phosphate 

(NaH2P04•E2H2O) and 40g of potassium phos-

phate (KH2PO4) as shown in Table 2. Effects of 

dietary levels of potassium and sodium on the 

requirement for dietary phosphorus were also ex-

amined (diet 3). In Exp. II white fish meal was
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used as a protein source in order to investigate the 
availability of phosphorus contained in fish meal 
and to investigate the effect of supplemental mono
sodium phosphate in the fish meal diets on the 

growth of chum salmon (Table 7). An amino acid 
mixture, and nicotinamide, which were known to 
accelerate respectively the growth response of chum 
salmon* and the appetite of carp (unpublished 
data), were added to diets 5 and 6 in order to ex

amine the growth promoting effect of these ma

terials in chum salmon.
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Table 1. Compositions of the experimental diets 
containing egg albumin (Experiment I) or white 

   fish meal (Experiment II) as protein sources (%)

Experiment I Experiment II 

Egg albumin*' 40 White fish meal 50 
a-Starch 20 a-Starch 30 

Dextrin 15 Lipid*' 10 

Lipid*2 10 Cellulose 0.5-2.5 

Cellulose 3 Mineral mixture*' 5 

Mineral mixture*' 10 Vitamin mixture*' 1.5 
Vitamin mixture" 2 NaH2P04.2H2O 0-2.0 

                    Amino acid mixture" 0-1.6 

                   Nicotinamide 0-0.1 

                      Cr2Oa*7 1

*1 Egg albumin was denatured by boiling with ethyl alcohol 

for 5h.
*2 Soybean oil: pollock liver oil=3:2, containing 1% dl-a-

tocopberyl acetate.
*3 See Table 2.
*4 Composition was the same as that reported previously.16)
*5 Phosphorus-free.
*6 Arg 1.35, Lys (HCl) 0.05, Trp 0.09, Met 0.09, Cys 0.23, 

His 0.23 g.
*7 Cr2O3: cellulose=1:1 .

The content of crude protein in the diets was 
determined to be 35-38% in both Exps. I and II. 
The composition of the mineral mixture used was 
essentially the same as that prepared by OGINO 
e1 al.10) (OGINO mixture) which satisfies the mineral 
requirements in carp and rainbow trout at a 5 
dietary level. The diets were given to fish in a 
dry pellet form as described in the previous paper.11)

Table 2. Composition of the mineral mixture used in Experiment I

    Diet no. 1 2 3 4 5 6 7 8 

NaCI 1.09 11.28 1.09 1.09 1.09 1.09 1.09 1.09 

K2SO4 1.0 30.3 1.0 1.0 1.0 1.0 1.0 1.0 

MgSO4 7H20 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 

Fe-citrate 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
Ca-lactate 46.2 46.2 46.2 46.2 46.2 46.2 15.4 0 

Trace element* 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

NaH2PO4.2H2O: KH2PO4 

   (25:40) 0 18.5 18.5 37.0 65.0 93.0 65.0 65.0 
Cellulose 133.3 75.3 114.8 96.3 68.3 40.3 99.1 114.5 
   Total 200 200 200 200 200 200 200 200 

mg/100 g diet 
   P 0 200 200 400 700 1000 700 700 

   Ca 300 300 300 300 300 300 100 0 

   Na 20 280 80 120 200 280 200 200 
   K 22 840 182 355 592 842 592 592 

   Mg 73 73 73 73 73 73 73 73

* Composition of the trace element was the same as that reported previously10)
.

Fish and Feeding

Fingerling chum salmon were used as the ex-

perimental animals. Eyed eggs obtained from the 

Hokkaido Salmon Hatchery (Fisheries Agency) 

were hatched in our laboratory and the fry were 

kept on a commercial diet for 3-5 months. They 

were then divided into 8 lots of 32 fish each in 

Exp. I and 6 lots of 35 fish each in Exp. H. In 

Exp. I fish were fed diet 5 for 2 weeks before initi-

ation of a feeding trial in order to train the fish 

to accept the albumin diets. Each group of fish 

was held in a 30 1 glass tank supplied with city 

water, dechlorinated with active charcoal and ad-

justed to 11-16•Ž in Exp. I and 16-24•Ž in Exp. II. 

This rearing water was found to contain around 

20 ppm calcium and 0.002 ppm phosphorus. Food 

was offered four times daily, and each time as long 

as the fish continued to eat. The periods of the 

feeding experiments were 7 weeks in Exp. I and 

6 weeks in Exp. II. Other experimental conditions
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of fish care and feeding have all been described 

earlier.11)
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Table 3. Effect of dietary levels of phosphorus on the growth rate of chum salmon in Experiment I

Diet Dietary level (%)*1 Number Av. body wt. (g)*2 Growth Feed Mortality 
no. of rate efficiency (%) 

         P Ca fish Initial 7 weeks (%) 

1*3 0.07 0.42 31 1.6±0.20 2.1±0.41 34 0.33 6.5 
2 0.29 0.39 32 1.5±0.16 3.8±0.71 150 0.79 6.3 
3 0.27 0.41 32 1.5±0.18 3.8±0.76 151 0.78 0 
4 0.45 0.37 32 1.5±0.23 4.8±0.76 209 0.95 3.2 
5 0.89 0.36 32 1.5±0.17 4.9±0.68 224 1.01 0 
6 1.15 0.31 32 1.5±0.18 4.8±0.61 218 0.91 0 
7 0.89 0.13 32 1.5±0.18 4.7±0.64 224 0.95 0 
8 0.84 0.02 32 1.5±0.16 4.9±0.66 234 0.97 6.3

*1 The amounts of phosphorus and calcium added to the diets are shown in Table 2.

*2 Mean•}SD , n=25.

*3 Feeding period was 8 weeks.

Chemical Analyses
At the end of the feeding trials, 25 fish were 

taken from each lot for determination of both 

proximate and mineral compositions of the fish. 
Lipids were extracted from the fish by the method 
of FoLCH et al.12) The contents of calcium and 

phosphorus in diets and fish bodies were deter
mined respectively by atomic absorption spectro
metry and by the method of LOWERY and LOPEZ.13) 
Apparent absorption of dietary phosphorus from 
the digestive tract determined by the indirect 
method using chromic oxide14) is expressed as avail-
ability of phosphorus.

Results and Discussion
Experiment I

1. Results of the feeding experiment Results 
of the feeding trial are summarized in Table 3 and 
Figs. 1-2. A close relationship between phos-

phorus and the growth rate up to 7 weeks was 
observed from the figures, indicating that the 

growth rate of fish was positively correlated only 
with dietary phosphorus levels. The growth rate 
was extremely low in fish kept on diet 1 (low in 

phosphorus) and was effectively improved by the 
addition of 0.45% phosphorus. The maximum 
weight gain was obtained at 0.5-0.6% phosphorus 
levels regardless of the dietary calcium levels (diets 
5, 7 and 8). The feed efficiency, expressed as gain 
in grams per gram dry feed, is shown in Table 3 
and its relation to the percentage of phosphorus in 
diet was also the same as that of the growth rate.

Thus, in the water containing an adequate 
amount of calcium, the growth of chum salmon is

affected only by the dietary phosphorus levels and 
not by the caclium levels, as demonstrated in both 
carp and rainbow trout by OGINO et al.5,6) They 
reported that if diets containing a very low amount 
of calcium and a reasonable amount of phosphorus 
were used, carp and rainbow trout absorbed cal
cium from environmental water in proportion to 
the amount of phosphorus absorbed through the 
digestive tract. A similar result was also obtained 
in this experiment, indicating that there was no 
definite relationship between the values for Ca/P 
of the diets and the growth of chum salmon.

The dietary level of available phosphorus pro
ducing the maximum growth is proven to be 0.5-
0.6% of the diet as shown in Fig. 2.

Fig. 1. Effect of dietary phosphorus levels on the 

growth of chum salmon.

2. Signs of phosphorus deficiency As shown 

in Table 3, feeding with the diets containing low 

levels of phosphorus resulted in reduced growth 

and low feed efficiency regardless of the dietary



calcium levels. The fish on the diet without phos-

phorus supplement revealed deformity of the bones 
as the most noticeable gross external sign (Fig. 3) 
at the 6th week of the feeding and the abnormality 
of the bones attained 55 % at the end of the ex-

periment. As compared with those fed diets of 
adequate phosphorus levels, all of the fish showed 
insufficient growth of bones and had pale viscera 

(Fig. 4). Abnormal calcification was also observed 
in carp and rainbow trout fed diets low in available 

phosphorus."' s.10) Those abnormalities recognized 
in the bones were confirmed by the changes in the 
mineral composition of the bones.
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Fig. 2. Relationship between dietary phosphorus 

levels and the growth rate and the ash content of 

   the bones in chum salmon.

•› -•›
, Growth rate; •œ-•œ, Ash content of the 

bones.

3. Mineral composition The effects of dietary 

levels of phosphorus on the mineral compositions 

of the bones and whole bodies of chum salmon are 

summarized in Tables 4 and 5. Dietary phos-

phorus levels affected greately the ash, calcium and 

phosphorus contents both of the bones and whole 
bodies. In the groups fed low phosphorus diets

 these mineral components, not only phosphorus 
but also calcium, decreased markedly regaridess of 
the calcium contents in the diets. These results 
may indicate that to utilize these elements chum 
salmon have an ability to balance the Ca/P ratio 
of the bodies by controlling the absorption or 
excretion of calcium. This was indicated in carp 
and rainbow trout by OGINO et al.5,6)

Table 4. Effects of dietary levels of phosphorus on the mineral compositions of the bones of 
   chum salmon in Experiment I (Lipid-free dry basis)(%)

Diet Dietary Ash Ca P 
No. P (%) Ca/P Mg Na K 

 1 0.07 16.4 4.4 3.3 1.3 0.2 0.1 0.6 
 2 0.29 21.6 6.4 4 .4 1.5 0.2 0.2 0.6 
 3 0.27 19.2 5.6 4 .0 1.4 0.2 0.2 0.6 
4 0.45 36.0 11.6 6 .7 1.7 0.3 0.1 0.2 
 5 0.89 38.8 13.1 7.8 1 .7 0.3 0.1 0.1 
 6 1.15 39.4 12.9 7.8 1.7 0.3 0 .1 0.3 
 7 0.89 38.7 12.3 7.6 1.6 0 .3 0.1 0.3 
 8 0.84 41.6 12.3 7.8 1.6 0.3 0.2 0.5

Fig. 3. Photograph showing the deformity of the 

bones in the fish fed the phosphorus-deficient diet 

(diet 1).

Fig. 4. Photograph showing insufficient minerali-

zation of the bones from the fish fed the phos

phorus-deficient diet (diet 1).



Requirement of Chum Salmon for Dietary Phosphorus 365

Table 5. Proximate compositions of the whole bodies of chum salmon fed diets containing different
 amounts of phosphorus in Experiment I (%)

Diet Dietary Whole body Visceral 
     No. P (/) Moisture P

rotein Lipid Ash lipid 

       1 0.07 78.5 15.4 4 .7 1.5 8.3 
       2 0.29 77.3 16.0 6.2 1.7 13.4 

       3 0.27 76.6 15.4 6.7 1 .4 13.3 
       4 0.45 76 .3 16.1 6.8 1.9 15.4 

       5 0.89 76.4 16.2 6 .6 2.0 15.3 
       6 1.15 76.0 16.4 6 .1 2.2 14.8 

       7 0.89 75.9 15.9 6 .5 2.2 15.0 
       8 0.84 76.6 15.5 6 .4 2.1 15.0

Table 6. Effects of dietary levels of phosphorus on the mineral compositions of the whole bodies 
   of chum salmon in Experiment I (%, wet basis)

Diet P (t%
) Ash Ca P Ca/P mg/100 g 

0 

 1 0.07 1.5 0.08 0.25 0.32 7.2 
 2 0.29 1.7 0.16 0.29 0.55 12.3 
 3 0.27 1.4 0.16 0.30 0.53 7.2 
 4 0.45 1.9 0.21 0.34 0.62 11.6 
 5 0.89 2.0 0.29 0.40 0.73 11.1 
 6 1.15 2.2 0.30 0.44 0.68 14.1 
 7 0.89 2.2 0.48 0.49 0.98 15.9 
 8 0.84 2.1 0.25 0.48 0.52 16.2

Table 7. Supplemental effect of monosodium phosphate (NaH2PO4•E2H2O) to the diet containing 

   white fish meal in Experiment II

      Sodium P from *t 
Diet phosphate Total P sodium Number Av. body wt. (g) Growth Feed                 i

n diet of rate No. a d ~~ (~) phosphate 
)fish Initial 6 weeks (/) efficiency 

1#2 0 1.35 0 35 3.2±0.81 7.9±1.55 144 0.73 

2 0.75 1.50 0.15 35 3.3 ±0.32 7.6±2.07 127 0.66 

3 1.36 1.62 0.27 35 3.3 ±0.32 8.4±1.24 155 0.72 

4 2.66 1.88 0.53 35 3.3 ±0.32 8.6±0.97 161 0.73 
5*3 0 1.35 0 35 3.2±0.33 8.8±1.38 175 0.75 

6*3 0 1.35 0 35 3.2±0.36 9.1 ±1.53 180 0.79

*1 Mean•}SD
, n=30.

*2 Availability of Phosphorus in white fish meal determined with the diets 1
, 5 and 6 was found to be around 71%.

*3 Diets 5 and 6 contained 1 .6% amino acid mixture and 0.1% nicotinamide, respectively.

In the fish fed low phosphorus diets the magne-

sium content was slightly low in both the bones 

and whole bodies and the potassium content was 

high in the bones. The same tendency was also 

observed for the magnesium content of the bones 

from fish fed the diets low in phosphorus.6)

The relationship between the dietary phosphorus 

levels and the ash content of the bones is shown 

in Fig. 2. The requirement of phosphorus for 

optimal bone mineralization is found to be almost 

the same as that for optimal growth, 0.5-0.6%

 in diet, slightly different from that of carp5) and 

channel catfish,15) in which the phosphorus require-

ment for the normal calcification of the bones is 

above that for normal growth.

4. Proximate composition The proximate 

compositions of the whole bodies and the lipid 

contents of the viscera are indicated in Table 6. 

There is no marked difference in the proximate 

composition of the whole bodies, except for the 

lipid content. The lipid content of the fish fed 

the diet without phosphorus supplement was low



in both whole bodies and viscera, quite different 

from the case of carp in which the phosphorus-

deficient diet resulted in a marked increase in the 

lipid contents5)
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Experiment II
The growth rate and feed efficiency during the 

6 weeks of feeding are shown in Table 7. The diets 
without phosphorus supplement were found to 
contain 1.35% phosphorus derived from white fish 
meal. As shown in Table 7, the supplementation 
of the diets containing white fish meal by primary 
sodium phosphate resulted in no acceleration of 

growth response of chum salmon or change in 
feed efficiency, although the growth rate was slight-
ly low in the fish fed diets 1 and 2. These results 
indicate that the availability to chum salmon of the 

phosphorus contained in the fish meal is high. In 
fact the apparent absorption of phosphorus in the 
fish meal determined with diets 1, 5 and 6 was 
found to be around 71%, slightly higher than that 
in rainbow trout.10) This value means that the 
available phosphorus content in these diets is about 
0.96%, which satisfies the phosphorus requirement 
of chum salmon as demonstrated in Exp. I. The 
relatively higher availability of phosphorus in the 
fish meal probably be due to the presence of gastric 

juices in the stomach of the fish as suggested by 
OcINo et al.10) and YONE et al.9)

Diets 5 and 6 without phosphorus supplemen-
tation resulted in relatively high growth rates, sug-

gesting the supplemental effects of the amino acid 
mixture and of the nicotinamide on the growth of 
chum salmon, respectively.

The result obtained in the feeding trial are sup-

ported by those obtained in the chemical analyses 
of the fish. As shown by the mineral composition 
of the bones in Table 8, no marked differences 
were observed in the contents of ash, calcium, 

phosphorus, magnesium and the values for Ca/P 
among the experimental groups, indicating that 
chum salmon effectively utilize the phosphorus in 
the fish meal. The higher ash content of the bones 
in Exp. II than in Exp. I is probably due to the 
difference in the size of fish used in the two experi-
ments.

In general, no difference were also observed in 
the proximate composition of the whole bodies and 
in the visceral lipid content regardless of the dietary 

phosphorus levels, although a high moisture con
tent was reflected in a low lipid content in the whole 
body of the fish fed diet 2, and the content of 
visceral lipid was low in the fish fed diet 1 (Table 9).

Table 8. Mineral compositions of the bones of chum 
salmon in Experiment II (Lipid-free dry basis)

Diet Ash Ca P Ca/P M
g No. 

 1 45.4 15.0 8.8 1.7 0.3 
 2 46.0 15.0 8.8 1.7 0.3 
 3 45.4 14.7 8.8 1.7 0.3 
 4 46.3 14.8 8.6 1.7 0.3 
 5 45.5 14.6 8.5 1.7 0.3 
 6 44.6 14.0 8.5 1.7 0.3

Table 9. Proximate compositions of the whole bodies 
of chum salmon in Experiment II (%)

Diet Whole body Visceral 
No. Moisture Protein Lipid Ash lipid 

 1 77.4 16.4 4.2 2.4 7.8 

 2 79.4 16.9 2.9 2.5 11.2 

 3 76.1 17.4 5.4 2.3 13.4 

 4 76.3 16.7 5.4 2.3 12.7 

 5 77.1 16.8 4.9 2.2 11.9 

 6 77.3 17.8 4.7 2.0 10.9
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