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The essentiality of mineral mixture supplement to a white fish meal diet for tiger puffer 
Takifugu rubripes was investigated. Fish were fed on the white fish meal diet with or without 
a mineral mixture supplement for 10 weeks. Growth was significantly inferior in the mineral 
non-supplemented group to the supplemented group. Lower hepatosomatic index and higher 
hemoglobin and hematocrit values were found in the non-supplemented group. Plasma P and 
Mg contents and bone ash, P, and Ca contents were lower in the mineral non-supplemented 
group. Bone deformities were observed in most of the fish of non-supplemented group. So, the 
mineral mixture supplement was found to be essential in a white fish meal diet for tiger puffer. 

INTRODUCTION 

White fish meal, which is a major protein source in commercial diets, contains a large 
amount of minerals. However, the bioavailability of various minerals in fish meal to fish 
was found to be low due to interactions among minerals (Watanabe et al., 1988). Studies 
so far done about the availability of minerals in fish meal are with fresh water species. 
The bioavailability was low for most of the minerals, as P, Mg, Mn, Zn, Cu, and Co in carp 
(Takamatsu et al., 1975; Ogino et al., 1979; Shitanda et al., 1979; Satoh et al., 1983a, 1987 
a,b), P, Mg, Mn, Zn, and Cu in rainbow trout (Ketola, 1975; Ogino et al., 1979; Takeuchi et 
al., 1981; Satoh et al., 1983b,c, 1987c,d) and Zn in channel catfish (Gatlin and Wilson, 
1983, 1984). Very little information is available on the mineral requirement of marine 
fish. Because, as fish can easily absorb minerals from surrounding water (Lovelace and 
Podoliak, 1952; Ichikawa and Oguri, 1961; Templeton and Brown, 1963; Lall, 1979; Love, 
1980), a dietary supplement of minerals has been thought to be dispensable in case of 
marine fish. Recently, P and Fe supplements to a purified casein based diet was found to 
be essential for red sea bream (Sakamoto and Yone, 1976a; Sakamoto, 1981) and Ca, P 
and Fe supplements for yellowtail: l In the present study, the availability of minerals in a 
white fish meal diet was investigated for tiger puffer Takijugu rubripes. 

MATERIALS AND METHODS 

Experimental diets 
Two experimental diets were prepared with or without a mineral mixture supplement 

* Contribution from Fishery Research Laboratory, Kyushu University, No. 225 . 

. , Makino, H. et al.: Abst. Metg. Japan. Soc. Fisheries Sci., April, 1989, p. 43 (in Japanese). 
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(Tables 1 and 2). White fish meal was used as a dietary protein source. All the 
ingredients were mixed thoroughly, and an aliquot of water was added. Then, pellets of 
appropriate size Viere ITlade USL.Vlg a laboratory type pelleter. The diets vVere then half 
dried and preserved under~20 "C. The proximate and mineral compositions of 
experimental diets are shown in Table 3. 

Tabie 1. COIlll--'UtiitiuIt of the experirnelltal uietti fur tigf:~r !Juffer (%) 

Mineral mixture supplement 

With Without 

White fish meal 60 60 
a-Potato starch 10 10 

Dextrin 10 10 
Pollack liver oil 5 5 
Vitamin mixture" 3 3 
Mineral mixture" 8 0 
Carboxyrnethylcellulose 4 4 
a -Cellulose 0 8 

" Halver's vitamin mixture (1957) + a -Cellulose. 
See Table 2. 

Table 2. Mineral mixture supplemented to the experinlental diet. 

Major elements (g) Trace elements 

KCI 6.54 AlCI,·6H,O 
MgSO,·7H,O 6.81 ZnSO,·7H,O 
NaH,PO,·2H,O 42.81 MnSO,·4-6H,O 
Fe-citrate 1.48 CuCI 
Ca-Iactate 24.51 Kl 
a -Cellulose 17.56 CoCh·6H2O 

Total (g) 100 

(rug) 

9.0 
176.0 
39.5 

5.5 
8.5 

51.5 

Table 3. Proxinlate and mineral compositions of the experimental diets for 
tiger puffer 

Mineral mixture supplement 

With Without 

(Proxinlate composition) 
Moisture (%) 25.4 23.6 
Crude protein (% d. m.) 47.3 47.6 
Crude lipid (% d. m.) 9.8 9.0 
Crude ash (% d. m.) 18.5 13.5 

(Mineral composition) 
P (%) 2.23 1.47 
Ca (%) 3.68 2.54 
Mg (mg/100g) 186 132 
K (mg/lOO g) 568 294 
Fe (mg/100g) 28.3 7.3 
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Fish and feeding trials 
Tiger puffer Takifugu rubripes juvenile obtained from the Fukuoka Prefectural Sea 

Farming Center were used for the experiment. Fish were acclimated to indoor culture 
tank conditions for 2 weeks prior to the initiation of rearing experiment. At the beginning 
of the experiment, starved fish were weighed individually, and groups of 40 fish (Av. body 
wt. l.8 g) were introduced into the respective 200 e polycarbonate circular tank. Sand
filtered sea water was supplied continuously at a flow rate of 3-4 g Imin. The water 
temperature varied within 24.5-26.2 'C. Fish were fed to satiation twice a day for 10 
weeks. Body weight was measured biweekly at about 15 hours after a last feeding. After 
weighing, fish were bathed in the respective tank with sodium nifurstyrenate (sodium salt 
of 5-nitro-2-(p-carboxy styryl)-furan) to prevent any bacterial attack or injury that might 
be caused due to handling (Sugimoto et al., 1976). 

Sample collection and analytical method 
At the end of rearing experiment, fish were anesthetized with over exposure to MS-

222 (3-aminobenzoic acid ethyl ester). Body weight and body length were recorded. 
Blood was collected with the insertion of I me heparinized syringe from the heart. Liver 
was collected and weighed for hepatosomatic index calculation. Liver was then preserved 
at -20'C for further analyses. 

Hematocrit value and plasma protein content were measured with a Kubota 
Hematocrit Reader (Hesser, 1960) and a ATAGO Serum Protein Refractometer, 
respectively. Hemoglobin content was determined using the cyanmethemoglobin method 
(Wintrobe, 1956) by a Spectrophotometer (Hitachi, U-2000). Triglyceride, cholesterol 
and mineral contents of the plasma were measured with a Rapid Blood Analyzer (RaBA
Super, Chugai Pharmaceutical Co.). 

Proximate composition was analyzed as follows: moisture was determined after 
drying in an oven at 105'C until constant weight; ash content by incineration in a muffle 
furnace at 560'C for 12 h. Protein and fat were determined by Kjeldahl method and ether 
extraction in a soxhlet apparatus, respectively. 

Bone was collected after steaming t.he fish body for a few minutes on a boiling water 
bath. Vert.ebrae were separated, and adhesive tissues and fat bodies were removed and 
washed with distilled water. The bone sample was then dried in an oven, ground to fine 
grains, and digested with a nit.ric acid-perchloric acid mixt.ure. Minerals except P in the 
diets and bone samples were determined with an Atomic Absorpt.ion Spect.romet.er 
(Perkin Elmer-3300). P was determined wit.h t.he molybdenum blue met.hod. 

St.udent's T -test was applied to determine the significance in difference between 
treatment means. 

RESULTS 

The biweekly growth is shown in Fig. 1. Details of the growth performance are 
presented in Table 4. Growth of the mineral non-supplemented group started to decrease 
from the 2nd week and was maintained low (p<0.05) compared to the supplemented 
group at the end of rearing experiment. However, no remarkable difference was found 
between feed efficiencies of the groups. A shortage of minerals was found to greatly 
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Fig. 1. Biweekly growth of tiger puffer fed on the experimental diets with or 
without a mineral mixture supplement. 

Table 4. Growt.h and feed efficiency of tiger puffer fed on the experimental 
diets "ith or without a mineral mixture supplement 

Average body weight (g) 
At start 
After 1 0 weeks 

Average weight gain ('Yo) 
Feed efficiency ('Yo) 

. Significant (p<O.05). 

Mineral mixture supplement 

With Without 

1.8±0.1 
50.5± 11.8 

2700 
91.3 

1.8±0.1 
30.6±6.4* 

1900 
89.8 

affect the bone structure, as deformity of bone was found in 78.1 % fish of the mineral 
non-supplemented group (Fig. 2). 

Hemoglobin and hematocrit values were significantly high (p< 0.01) in the mineral 
non-supplemented group as shown in Table 5. No remarkable difference between the 
groups was observed in plasma total protein, triglyceride, chole'sterol, Ca, K and Fe 
contents. P and Mg contents of plasma were markedly low in the mineral non
supplemented group compared to the supplemented group (Table 5). No remarkable 
difference was found in the proximate composition of liver between the groups. 
Hepatosomatic index was lower in the non-supplemented group than the supplemented 
group (Table 6). 

Lipid of the bone was higher in the non-supplemented group, but ash, P and Ca 
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Fig. 2. Radiographs of tiger puffer fed on the experimental diets 
with (A: Lateral view) or without (B: Lateral view, C: Dorsal 
view) a mineral mixture supplement. 

81 



82 M. Furuichi et al. 

Table 5. Blood characteristics of tiger puffer fed on the experimental diets with or 

without a mineral mixture supplement 

Mineral mixture supplement 

With Without 

Hemoglobin (g/100ml) 4.8±0.8 6.8±0.7* 
Hematocrit (%) 22.1±2.4 30.9±4.5* 

(Plasma) 
Total protein (g/100ml) 3.8±0.5 3.9±0.5 
Triglyceride (mgllOOml) 128 161 
Total cholesterol (mg/l00ml) 236 207 
P (mg/l00ml) 9.40 5.14 
Ca (mg/l00ml) 16.0 14.0 
CalF ratio l.70 2.75 
Mg (mg/lOOml) 4.53 l.62 
K (mg/l00ml) 0.32 0.42 
Fe (jLg/100 ml) 55.1 57.5 

• Significant (p<O.OI). 

Table 6. Proximate composition of liver and hepatosomatic index of tiger 
puffer fed on the experimental diets with or without a mineral 
mixture supplement 

Moisture (%) 
Crude protein (% d.m.) 
Crude lipid (% d.m) 
Crude ash (% d.m.) 
Glycogen (% d.m.) 

Hepatosomatic index'] 

"I Liver wt (g) X IOOlbody wt (g). 

"' Significant (p<O.Ol). 

Mineral mixture supplement 

With Without 

30.1 31.1 
8.7 8.6 

89.1 90.9 
0.9 0.9 
l.7 2.0 

8.64±l.31 7.07 ± l.05" 

contents of bone were remarkably lower in the non-supplemented group than the 
supplemented one (Fig. 3). 

DISCUSSION 

In the present study, the poor growth and bone deformities were found in the mineral 
non-supplemented group (Fig. 2). Minerals in fish meal interact each other and exist as 
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Fig. 3. Ash, lipid, phosphorus, and calcium contents of vertebrae of tiger puffer fed on the 
experimental diets with or without a mineral mixture supplement (dm: dry matter). 
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complex forms, resulting in less availability for tiger puffer. P and Ca exist as calcium 
phosphates, or more specifically hydroxyapatite, with very complicated structure. Tiger 
puffer, a stomachless fish, can not probably dissolve these complexes. The supplement of 
minerals to a white fish meal diet have been found to be effective for eel growth (Arai et 
al., 1974). Satoh et al. '2 reported that Zn, Mn, Mg, and P supplements are essential in the 
white fish meal diet for some marine fishes. 

Hemoglobin and hematocrit values were significantly high in the non-supplemented 
group. However, deletion of minerals from a casein based diet lowered the hemoglobin 
and hematocrit values in red sea bream (Sakamoto, 1981). The differences may be due to 
the specific characteristics of the fish species. Higher bone lipid content in contrast to 
lower P contents of plasma and bone in the non-supplemented group suggests that P 
negatively affects the metabolism of lipid (Sakamoto, 1981). Lower bone ash content 
indicates less availability of minerals from a fish meal diet for bone mineralization. Lower 
levels of P in plasma and bone revealed that tiger puffer do not fully utilize the P in fish 
meal which exists mainly as a complex tricalcium phosphate or hydroxyapatite. So, a 
supplement of P to the fish meal diet for tiger puffer may be recommendable. P from a 

" Satoh, S. et al. : Abst. Metg. Japan. Soc. Fisheries ScL, April, 1993, p. 43 (in Japanese). 
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form of hydroxyapatite was less available in common carp (stomachless fish) than 
rainbow trout (Ogino et al., 1979). Ca which also exists as a hydroxyapatite in fish meal 
was low in bone. But, unlike P, fish depend on not only dietary source for Ca but also 
surrounding water Ca. Investigations with purified diet showed that a dietary Ca 
supplement is dispensable for rainbow trout (Ogino and Takeda, 1978), carp (Ogino and 
Takeda, 1976) and red sea bream (Sakamoto and Yone, 1976b). Because, fish can 
actively absorb and utilize Ca from surrounding water (Lovelace and Podoliak,1952; 
Ichikawa and Oguri, 1961; Templeton and Brown, 1963; Lall, 1979; Love, 1980). However, 
in the present case, the lower bone Ca content indicates that Ca from fish meal is less 
available to tiger puffer. Furthermore, the present result suggests that tiger puffer can 
not sufficiently absorb Ca from sea water. A dietary Ca supplement was found to be 
essential to a purified diet for yellowtail. 'I Dietary Ca also promoted the growth of 
Japanese eel,'" and channel catfish (Lovell and Li, 1978). So, more specific studies with 
the essentiallity of Ca supplement to the fish meal diet for tiger puffer are necessary. Mg 
was distinctly lower in plasma of non-supplemented group, which suggests the 
essentiallity of Mg supplement to the fish meal diet for tiger puffer. However, Mg 
supplement was not essential in a purified diet for red sea bream (Sakamoto and Yone, 
1979). Further studies are necessary to clarify whether the low plasma Mg in the non
supplemented group is due to the unavailability of Mg from diet or due to the effect of the 
unavailability of other minerals in diets. 

In the present study, a lacking of mineral mixture supplement to a fish meal diet 
greatly affected the normal growth of tiger puffer. Plasma and bone contents of some 
minerals were also poor in the mineral non-supplemented group. The low availability of 
minerals from fish meal in tiger puffer was probably due to the absence of a true stomach, 
hence less digestibility of minerals. 
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