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Two experiments were conducted to examine the dietary requirement of red sea
bream, Chrysopkvys  major,  for sodium and potassium supplementation. The fish
were fed on two test diets with and without sodium supplementation (Exp. I),
and potassium supplementation (Exp. II), over a 63 day period at 25°C. At the
end of the feeding trial, histopathological examination of the tissues, hematologi-
cal examinations, and chemical analyses of the liver and vertebrae were per-
formed. No significant differences were recognized between the two groups in each
experiment in the following determinations : the growth rate, feed efficiency, con-
dition factor, and hepatosomatic index; the hemoglobin content, hematocrit value,
red blood cell count, mean corpuscular hemoglobin, mean corpuscular volume,
mean corpuscular hemoglobin concentration, mean corpuscular diameter, and per-
centage of immature erythrocytes ; the moisture, lipid, and glycogen content of
the liver; and the lipid, ash, calcium, phosphorus, magnesium, sodium, and potas-
sium content of the vertebrae. Furthermore, no pathological change was recog-
nized in the organs of fish fed the diets without the sodium or potassium supple-
ment. From these findings, it appears that sodium and potassium
tion in the diet for red sea bream is not essential, even if these
scarcely contained in the diet.

supplementa-
elements are

INTRODUCTION

Many abnormal  symptoms were recognized in  red sea bream fed on the
d i e t  w i t h o u t  m i n e r a l  s u p p l e m e n t a t i o n . T h e r e f o r e ,  a  s e r i e s  o f  s t u d i e s  h a v e
been conducted to  determine which minerals  should be supplemented to  the
d i e t  f o r  r ed  s ea  b r eam. T h e  p r e s e n t  s t u d y  w a s  c o n d u c t e d  t o  e x a m i n e  t h e
dietary requirement  of  red sea bream for  sodium and potassium supplementa-
tion.

MATERIALS AND METHODS

Dietary sodium requirement  of  red sea bream was examined in the ex-
periment  I ,  and potassium in the experiment  II . In each experiment, red sea

* Contribution from Fish. Res. Lab., Kyushu Univ., No. 128. Studies on nutrition of red
sea bream XIX. This work was orally presented to the Annual Meeting of Japan. Sot.
Sci. Fish., at Tokyo in April, 1977.
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Table 1. Composition of test diet.

Casein
Gelatin
L-Phe
L-ArgmHCl
L-cys
L-Try
L-His.HCl*H,O
DL-Ala
L-ASP

52.0
11.0
0.6

i::

0”::

::“o

L-Lys
L-Val
GIY
P. L. Oil’)
Dextrin
Mineralsz)
Vitamin@
cr-Cellulose

*) Alaska pollack liver oil purified by molecular distillation. 2, Shown in
Table 2. 3) Halver’s vitamin mixture (1957) +cr-cellulose.

Table 2. Composition of mineral mixtures with and without sodium or
potassium supplementation.

Experiment I II

Na supplement Without With

K supplement Without With

NaCl
KC1
Ca (H,P0J2*H,0
NaH,PO,.2H,O
Fe-citrate
cr-Cellulose
AlCl,*GH,O
ZnSO,.7H,O
MnS0,*4-6H,O
CuCl

%1,*6H,O

Na (mg/lOOg  diet)
K (mg/lOOg  diet)

5. 18g
1;. :; g

24.885 24: 885

1.485 1.485
68.144 57.204
9.Omg 9.Omg

178.5 178.5
40.0 40. 0

52: 2.: 5 52: z*:  5

367
22: 220

- !z-

ii. 805
I. 485

68.004
9.Omg

178.5
40.0

z
52: 5

3. 18g

iii 805
1.485

62.824
9.Omg

178.5
40.0

52: ;; 5

367 367
4 220

bream were equally divided into two lots based on the average body weight
and the number of fish with similar weight. Each lot of 15 fish was maintained
in an aquarium of 1501 capacity, which was continuously supplied with sea
water (25°C) at a rate of 1501 per hour. The sea water was aerated suffi-
ciently. The fish were fed on four test diets with and without sodium or potas-
sium supplementation over a 63 day period. Each lot of fish was fed contin-
uously as long as the fish accepted the diet. A record was kept on the weight
of diet fed to each group. Consequently, the weight of diet fed to each
group was assumed to represent the actual amount consumed by that particu-
lar group of fish. The composition of test diets is listed in Table 1. All the
materials listed in Table 1 except gelatin and pollack liver oil were well
mixed. A 11 g portion of gelatin was added to a 200 ml aliquot of water, fol-
lowed by heating on a steam bath until the temperature rose to 60°C. The
gelatin solution was cooled to 4%45”C, and then the previously mixed com-
ponent and pollack liver oil was added, being thoroughly stirred until a homo-
geneous mass was obtained. An aliquot of the diet for a 1 week feeding was
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prepared at one time, and was stored in a freezer (-20°C). The diet was
defrosted in a refrigerator before using, and then was cut into cubes of about
3-4mm size. The composition of mineral mixtures and the contents of sodium
and potassium in the diets are listed in Table 2. Sodium and potassium are
scarcely contained in the diet without their respective supplementation. At
the end of the feeding trial, ten fish from each group were selected, and the
histopathological examination of tissues, the hematological examinations, and
the chemical analyses of liver and vertebrae were performed. Dorsal muscle
tissue, liver, heart, spleen, kidney, and small intestine were fixed with 10%
formalin. The fixed tissues were embedded in paraffin and sectioned at 7
micra as a rule. Sections were routinely stained with Delafield’s  hematoxylin
and eosin (Kaneko, 1971). Also, Kossa’s silver nitrate method (Kaneko, 1971)
for calcium was applied. A blood sample was taken from each fish by a car-
diac puncture for the hematological examinations. Hemoglobin content and
hematocrit value were determined by the cyanmethemoglobin method (Wintrobe,
1956) and microhematocrit method (Hesser, 1960),  respectively. Eryth-
rocytes were counted on a hemocytometer (improved Neubauer type) after
dilution in a Thoma pipette with the physiological salt solution for marine
teleostei (Hesser, 1960). From these values, mean corpuscular constants
(MCH, MCV and MCHC) were calculated. A mean corpuscular diameter of
1000 cells from each group was obtained by measuring the longest diameter
of each cell with a micrometer on a smeared preparation stained with May-
Giemsa (Yuki, 1963). Immature erythrocytes are classified in accordance with
Nakanoin’s method (Nakanoin, 1920) and Yuki’s method (Yuki, 1963). The
analytical samples of the liver and vertebrae were taken from each fish in
the same amount, and were mixed thoroughly from each group. Moisture
contents of the liver and vertebrae were determined by a 24 hour drying in
an electric oven at 105°C. The SoxhIet  extractor and ethyl ether were used
to extract lipids of the liver, and lipids of vertebrae were extracted with
methyl alcohol for 24 hours followed by a 16 hour extraction with ethyl ether.
Glycogen content of the liver was determined by Carroll’s method (Carroll et
al., 1956) . The calcium, phosphorus, and magnesium content of vertebrae
were quantified by orthocresolphthalein complexone (Conerty and Briggs, 1966),
molybdenum blue (Tausky and Shorr, 1953),  and titan yellow method (Kunkel
et al., 1947),  respectively, after dry ashing with an electric furnace at 450°C
for 48 hours. The contents of sodium and potassium in the test diets and
vertebrae were quantified by atomic absorption spectrometry after wet ashing
with nitric acid and perchloric acid.

RESULTS AND DISCUSSION

No significant differences were recognized between the two groups receiv-
ing the diets with and without the sodium or the potassium supplement in
the growth rate, feed efficiency, condition factor, and hepatosomatic index
(Table 3). Also, the examination of stained sections of tissues of the fish
fed the diet without supplemental sodium or potassium revealed no histopath-
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Table 3. Effects of dietary sodium and potassium on growth rate, feed
efficiency, condition factor, and hepatosomatic index of red sea bream.

Experiment I II

Na supplement Without With

K supplement Without With

No. of fish

I
at start
after 63 days

Ave;Tg;taytdy  weight (g)

1 after 63 days
“t” test (5%)

Feed efficiency (%)
Condition facto?)

“t” test (5 %)
Hepatosomatic index (%)d)

“t” test (5 %)

15
15

63.0 + 3.91’
12l.Of19.0

NY’
68

2.3310.09

1.68%  18
NS

1) Standard deviation. 2, Non-significant.
‘) Liver weight(g) x 100 / Body weight(g).

Table 4. Effects of dietary sodium
characteristics of red sea bream.

15
15

63.0+  4.4 72.3+  4.8
122.2i20.7 156.8 i- 19.5

7 %S
2.38+-O.  17 2.48kO.16

1.73fO. 46 1.84% 29

15
15

73.7+ 4.6
156.5k15.8

-

2.41’,“0.06

1. 66+0.26
- NS -

3, Body weight(g) x 100 / Fork length(cm)s.

and potassium on the hematological

Experiment I II

Na supplement Without with

K supplement Without with

Hb (g/d0
“t” test (5 %)

Ht (%)
+-test (5 %)

RBC (x 106/mm3)
“t” test (5 %)

MCH (77)"
“t" test (5 %)

MCV (Drn3)”
“t” test (5 96)

MCHC (%)“’
“t” test (5 %)

MCD (tirn)
Immature’ erythrocytes (%)

7.4kO.3 6.9kO.5 7.850.7 7.1Zko.4

32.5% 6 30.6i3.0 34. F23.4 31. 3f2. 9

3.20%  42

23.47::  55
NS‘

100.61% 12.52
NS

22.85 f 0.56
NS
9.44
4.2

3.26iO.  12

21.7321.33
-

98.28k7.07
-

22.14 IL 0.86

9.43
4.6

3.8ZO.  12 3.38fO. 33

20.2% 35 21.12yl.36

90.4oN+s7.78 92.68y2.65

22.4tZ.48 22.78fO. 99

9 % 9.40
4.0 4.2

1) Mean corpuscular hemoglobin=Hb(g/dl)  Xl0 / RBC(x106/mm3). 2, Mean corpuscular
volume =Ht(y&)  x 10 / RBC( x 106/mm3). 3) Mean corpuscular hemoglobin concentration
=Hb(g/dl) x100 / Ht(%).

ological change.  Calcium deposi t ion was not  observed in al l  t issues of  each
group. As shown in Table  4 ,  no differences were recognized between both
groups with and without sodium or potassium supplementation in the hemoglo-
bin content (Hb), hematocrit value (Ht), red blood cell count (RBC), Wintrobe’s
mean corpuscular constants (MCH, MCV and MCHC), mean corpuscular dia-
meter (MCD), and percentage of immature erythrocytes. Also, in both experi-
ments, Price-Jones curves of the groups with and without supplementation
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60
I

Diameter of erythrocyte (pm)

Fig. 1. Price-Jones curve of red sea bream fed the diets with and with-
out  sod ium supplementa t ion .  0: Without,  0: Wi th .

60-
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40-
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;30-
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Fig. 2. Price-Jones curve of red sea bream fed the diets with and with-
out  po tass ium supplementa t ion .  0: Without,  0: Wi th .

were simiIar,  as shown in Fig. I and Fig. 2. Furthermore, morphoIogica1
abnormality of erythrocytes and leucocytes  was not observed on the smeared
preparation stained with May-Giemsa in all groups. A noteworthy difference
could not be found between both groups in the moisture, lipid, and glycogen
content of the liver, and in the lipid, ash, calcium, phosphorus, magnesium,
sodium, and potassium content of the vertebrae in the two experiments
(Table 5). Sodium deficiency symptoms and potassium deficiency symptoms have
been well established with terrestrial animals (Sato, 1972). However, in the
present study, red sea bream reared on the diets without sodium and potas-
sium supplementation did not manifest any deficiency symptoms. From these
findings, it is presumed that red sea bream satisfy the requirement of sodium
and potassium by absorption from sea water.
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Table 5. Effects of dietary sodium and potassium on contents of chemical
components in the liver and vertebrae of red sea bream.

Exper iment I II

Na supplement Without With

K supplement Without With

Liver
Mois ture  (%) 68.1 68.2 67.3 67. 6
Lipid (% db)* 30.9 31. 2 36.0 35. 2
Glycogen (% db) 15. 7 15.1 11.0 11.2

Lipid (% db)
A s h  (% db)

Ca (w/g ash)
V e r t e b r a e  1 ’ (mg/g ash)Ca/P ratio

1 Mg (w/g ash)
! Na (m/g  ash)
; K (mz/g  ash)

20.8 21.7 26.0 25.1
51.1 52.4 48.8 49. 0

361 362 361 362
185 186 185 187

1.95 1.95 1.95 1.94
12. 5 12. 4 12. 3 12.2
2.04 2. 02 2. 02 2. 10
7.29 7. 50 6.83 6.93

* % of dry weight basis.
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