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A r~ar i ng experiment was conducted for a 12 weeks period to investigate the effects of 
die t.ary t.ricalcium phosphate (TCP) Oll young red sea bream in a spects of growlh, feed 
utili zation and hOllt' mineralization. The fish fed t.he diet. wit.h a low level (0.2%) of Ca 
supplement from TCP (diet 2) showed growth similar to the fish fed 0.2% Ca from Ca- Iactate 
(diet I). Fish fed the diet \\·it h a high level (2 .fJ% ) of Ca supplement from TCP (diet 3) showed 
sign ifican tly poor grov.-th than the fish fed diet I . Feed effidcney and condition factor were 
lower in the fi sh feu diets 2 and 3 compared to diet J . TCP ill (he dif' t'\ 2 and :l decreased the 
Zn con tent of bonc. These results inuicate that indllsinn or a high level of TCP to the puri fieu 
oiet decrcases the gro\\th, feed erficiency and Zn content of bone in red sea bream. 

INT RODCCTION 

It has been reported that dietary tricalcium phosphate negatively affects the growth 
and normal mineral contents, particularly 2n and Mn contents, in some fresh water fish 
(Watanabe fit at., 1988. 1997). Satoh et al. (1987a) observed that supplementation of 7% 
TCP to a semi- purified diet greatly reduced growth rate and feed efficiency and whole ' 
body 2n concentration in rainbow trout. The avaiJability of Zn from fish meal diets wa.c; 

low to some salrnonids due to the presence of TCP derived from hard tissues (Hardy and 
Shearer, W85; Satoh et at., 1987b). In contrast to the fresh water species, s tudies on the 
effect.s of TCP on marine fish arc scarcely available. We observed recently that Tep in a 
diet affec ts the growth and mineral contents of bone in t iger puffer (Hossain and 
Furuichi , 1998). On the other hand, although dietary TCP affected the mineral contents 
of bone, there was no effect of TCP on the growth in redlip mullet (Hossain and Furuichi , 
2000) . In t he present. study the effects of dietary TCP on red sea bream have been 
investigated. 

MATERI ALS AND METHODS 

Experimental Diets 
Three casein based purified diets were formu lated as diet 1 (0 .2% supplemental Ca 

from Ca- Iactate), diet 2 (0.2% supplemental Ca from tricaleium phosphate . TCP) and diet 
3 (2.5% supplemental Ca from Tep). The compositions of the diets are shown in Table 1. 
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The process of di et preparation was similar t.o t.h aL reported in the previou s paper 
(Hossain and r uruichi, HHIDb). The proximate an,ct minera l compositions of the diets ar e 
presented in Table 2. 

Table 1. Composition of t.he experilllt:'fl ial diets fo r red sea bream 

Diet no. 2 3 

CasellI GO 5(1 ~'iO 

AnUJlo acid mix"" 4 4 4 
a - Potato starch 7 7 7 
Dexr.rin !O 10 10 
Polla r.k liver oil 10 10 10 
Vi t1l min mix-*2 a 3 3 
r-,'liut'rai mlx*,J S 5 5 
Ca- laetatc 1.54 
Ca.(PO,):, 0 .52 /i.!'i2 

Carboxymethylcellulose 4 4 4 

a ·Cellulose 5AG fi.4R 0.48 

-t . Amino acid mixture: arginillf" HC1, aLcmine. glrcinc. and (l<;partat.e "Na, 2[;% 
eat:h . 

• 1 Halve r ( 1957) . 
• ~ \1 inera l mix (in lOOg mixtlITc) : Major e lemelli i ll g: KCI 7.68, MgS0 4 " 5H!O 

8. tn, Na i"U--'O, ' 2JLO G8.G2, fe-(: itrat e 2.40, and cellulose 12.69; Minor 
clement in mg: A1 C). ·O H,O !W.O, ZnSO. '7H20 264 .0, MnSO,'fiH,O 17;~.:1. 

euCl I 5.7, KI :3.7, and CoCL ' 6Hj Q 1.3. 

Table 2. Proximate and mineral cOlTlvusiljons of the eXJ)erimen1.a l (!lets for red 
sea bream 

Diet no . 3 4 

Proximate COrt7.j x),<Jli.on 

Moisture (%) 20.9 ~U . ~ 2ll~j 

Crude protein ('}t) db)" 51.3 52.6 52.8 
Crude lipid (% db) 9. 1 9/1 D.O 
Crude ash (% db) 5.1 5.4 11.0 
Afinero). G01nposilWn ( db) 
c. (%) 0.24 0.23 2.54 
p (%) 1.00 1.12 2.;17 
K (%) 0. 19 0. 19 0.19 
Mg (pglg) 420 370 4:JO 
Fe (pg/g) 280 290 :lOO 
en (pglg) 48 48 42 
Mn iJ,g!g) 16 15 17 
Gil (pg!g) 11 14 11 

'" db, dry basis. 
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Experimental Fish and Rearing Methods 
Young red sea bream (Pagrus Trwjor) produced and reared in Fishery Research 

Lahoratory, Kyushu University, were used for the experiment. The fish were acclimatized 
in the indoor flow-through aquaria [or 2 weeks, eluring vi'hich they \vere fed the 
experimental diet 1. On the beginning of the experiment, fish were \veighed individually, 
selected and. distributed to 150 e aquaria in such a manner that average body weight and 
size variations in three experimental groups \vere almost similar. The Humber of fish in a 
group was 30 (av. bodywL. l1.5g). 

The fish were reared for a 12 weeks period, during which experimental diets were fed 
to satiation 2 times a day at 0900 and 1530 h. Rearing temperature ranged from 20.0 to 
24.0°C. Sand-filtered sea \'later was supplied to the aquaria continuously at a llmv rate of 
:3-4 eJmin. Bi\veekly weighing and ot.her rearing methods \vere the same as those 
report,ed previously (Hossain and Furuichi, 1999). 

Sample Collection and Analytical Methods 
At the end of the feeding experiment., the fish were starved for 15-20 hand 

anaesthetized with r.,'1S-222. Body length and body weight. wen~ mca... .. mrcd. Then, blood 
samples \-vere collected from the cuvierian duct v.ith a 1 ml heparinized syringe. Liver was 
collected immediately from all the fish and weighed to calculate the hepatosomatic index 
and preserved at ~20"C for further analyses. After removing the internal organs, the 
\vhole body was washed y.,.ith distilled water and preserved at -20"C for bone collection. 

Determinations of hematological characteristics and proximat.e and mineral 
composit.ions of the diet, liver and bone were the same as those described previollsly 
(Hossain and Furuichi. 1999). 

The dat.a, when applicable, \vere subjected to analysis of variance, and significance of 
difference (P< 0.05) was determined by the Fisher's PLSD test. 

RESULTS 

The change in body \veight over the experimental period is ShO\\'11 in Fig. 1. The 
differences in the average body weights were noticed from the 6 th week of the 
experiment, indicating the need of a relatively longer period for t.he experiment with Ca 
requirement. At the end of the experiment., survival rate was 93.3% in all the t.reatments 
(Table 3). The maximum grovvth was obtained in the fish fed diet. 1 containing easily 
digestible Ca (0.2%) from Ca-Iadate. The fish fed diet 2 Buppiemellted with a low level 
of TCP (0.2% Cal showed the statistically same growth as that of the fish fed diet I. 
Significantly poor growth was observed in the fish fed diet 3 supplement.ed with a high 
level of TCP (2.5% Ca) compared to the fish fed other two diets. Daily feed consrnnptioll 
was higher in the fish fed diets 2 and 3 with TCP supplements than thc fish fed control 
diet 1. However, a high level of dietary TCP decreased the feed efficiency and condition 
factor of fish. 

The hemat.ocrit valuc, and hemoglobin and plasma protein contents were similar in 
fish fed all the diets (Table 4). Plasma tryglyceride was slightly higher in the fish fed 
diet.s 2 and 3 compared to t.he fish fed diet 1. No difference \vas noticed in plasma P, Ca, 
Mg and Fe contents among the fish fed different diets. 
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Fig. 1. Grmvth of red sea bream fed the experimental diets. At the end of 
12 \\'f!pks rearing, diHcrcnt letters indicate significant differences 
(P<O.Of), Fisher's PLSD test). 

Table 3. Growth and feed utilization of red sea bream fed the experimental 
diets 

Diet no. 

Av. body wt e.g) 
Initial 
Final* 

Weight gain (%) 
Daily feed consumption 

(% of body .... 1.) 
Feed efficiency (%) 
Condition factor" 
Survival rate (%) 

11.6±O.9 
62.3±8.9·' 

437 
2.28 

91.8 
3.61 ±O.IS' 

9~~.a 

2 3 

lLfi±O.8 11.6±O.8 
58.8±7.8" 5:J.6±7.1 h 

411 362 
2.,'tS 2.41 

86.6 80/i 
;:J,fi5±O.L3't 3A6±O.22" 

93.;3 ~l~1:1 

'" Values (mean±SD) in the same row bearing different letters are signif­
icantly different (P< 0.05, Fisller's ['LSD t~st). 
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Table 4, Blood characteris tics of red sea bream fed the experimental diets 

Diet no. 2 3 

Hematocrit e.ll')) * 28.9±3.5 288±39 :10.5= 2.7 
Hemoglobin (gllOO ml) * 4.7±1.l 4.8±O.H 4.7±O.ti 
Plasma protei n (giLOfJrnJ)* 4.3 ± 0.6 4.1±0.6 4.1 ± O.4 
Plasma t.rig lyceride (rng/l OO ml) 448 490 498 
Plasma P (mg/ t oo 1111) 11.7 !l.ti 10.6 
Plat;ma Ca (mgl100ml) 1:3.8 123 13.1 
Plasma ~·1g (rng/l (X) ml) 4.5 4.9 4.6 
Plasma Fe (mg/l 00ml) 86 100 97 

"$ :;.J"o significant. differenee (P > 0.05, Fisher's PL.':)D test). 

Table 5, Proximar.e composi tion of liver and hepatosomatic index of I"C'd sea 
bream fef! the experimental diets 

Diel. no. 2 3 

Moisture (%) 65.0 64.8 66.9 
Crude protein ( '16 db)*' 30.'1 30.7 29.9 
Crude lipid (% db) 39.4 41.2 af,.O 
Crude ash (% db) 31.0 :ll.O 36.0 
Clycogcn (% db) 10.0 2:1.8 2(i .fi 
HSI (%) " 2.3:1 2. 17 2.26 

>< 1 db, dry basis. 
*-2 Hepatosomatic illdex: liver weighl (g) x l OOlbody weight (g) . 

Table 6. Lipid, ash and minerdi contents in the v~rtebrae of red sea bream fed 
the experimental diets (dry basis) 

Diet no . 2 :3 

Crude lipid (%) 20.6 2 1.1 22 .4 
Crude ash (%) 54.:3 53 .:1 53.4 
Ca(%) 27.5 2u.2 26.9 
1' (% ) 11.4 10.2 10.0 
Mg (%) 0.23 0.22 0.2 1 
K (pg/S) 122 130 l:31 
Fe ()1g1g) 50.2 51.1 47.7 
Zn ()1g1g) 66.7 50. 1 56.1 
Mn fJ"gfg) 20.4 28.3 24.l 
Cu ()1gfg) 1.8 2.7 3.0 
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lvloisture and protein contenLs of the liver \,vere almost similar in all the fish, but Imv 
lipid and slightly higher ash contents were det.ectwi in the fish fed cliet.:~ (Tahle fi). Liver 
glycogen contents were higher in the fish fed diets 2 and :3 than the fish fed dil~t 1 
IIepatosomatic index values were similar in fish fed all the diets. 

The results of bone analyses are presented in Table 6. Bone lipid and ash cont.ents 
were similar in all the fish. Ca, p) Ivlg, Mn and K contents of bone were not affected by 
dietary rep. Hmvever, dietary Tep decreased Fe and Zn contents and increased Cu 
content of bone. 

DISCCSSION 

A high level of ea from Tep decreased the grov"th of red sea bream. On the other 
hand, a low level of ea from Tep did not affect the gro\\1,h. These indica.Le Lhat only a 
high level of TCP in the diet affects the grovirth of red sea bream. In the previous st.udies, 
decreased weight gain and 1000v bone mineral cont.ents \vere observed. in tiger IJuffer fed 
the diets supplemented "\"ith 'fep (Hossain and Furuichi, 1998). On the other hand, 
dietary TCP affected bone mineral contents but not the weight gain in redlip mullet 
(Hossain and FUfuichi, 2000). Satoh at al. (1087a) reported that a high level of 'rCP 
(7%) in a semi-purified diet reduced the growth and feed efficiency of rainbow trout and 
supplementation of SO;ug Zw'kg diet \vas necessary to obtain thE' normal gfO\vt.h, feed 
efficiency, and mineral contents of whole body similar to those in fish fed a TCP-free diet 
with 40 )I.g Znlkg. They suggested t hat dietary TCP affeeled the availability of Zn from a 
diet to fish. In the present study, low levels of 2n contents \vas found in the bone of fish 
fed TCP supplemented diets. The inhibit ory effect of dietary TCP to the bioavailability of 
Zn have been reported in some other studies (Hardy and Shearer, 198G; Satoh et al. , 
1987b; Gatlin and Phillips, 1989). However, no effect of supplemental dietary Tep on 
weight gain and Zn content in vertebrae was fomtd in case of channel catfish (Sat-oh et al., 
1~8~). Satoh et a.i. (l~~l) observed that the availability of Mn from whiLe t1sh meal was 
low in rainbmv t.rout and suggested that, similar to in case of Zn, TCP in white fish meal 
may reduce the availability of \1n. However, bone Mn content, in the present st.udy, did 
not affect by dietary TCP. 

From the above resulLs, illilay ue cOlldudeu that <ilL excessive Tep supplernent to a 
diet affects the growth, feed utilization and Zn content in bone of red sea bream. 
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