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Opitmum dietary phosphorus level and
Ca-P ratio in juvenile olive flounder
(Paralichthys olivaceus)

Jun-Hyung Kim

Department of Fisheries Biology, Graduate School,
Pukyong National University,
Busan 608-737, Korea

ABSTRACT

The present study was conducted to the optimum dietary
phosphorus control in juvenile olive flounder Paralichthys olivaceus. In
the first experiment was conducted to reevaluaion of phosphorus
requirement and Dbioavailability of various inorganic phosphorus
sources in juvenile olive flounder. Broken line model analyses indicated
that the dietary phosphorous requirement could be 0.43 ~ 0.45 % in olive
flounder. Phosphorus digestibility of fish fed NaH;J’C@‘lZHgO and
Ca(Hﬂ’Ch)fP(Z}) was significantly higher than those of fish fed the other

sources (P<0.05). This results indicated that NaH,PO:#12H,O and
Ca(H,PO4);*H20 could be good phosphorus sources in juvenile olive

flounder. In the second experiment was conducted to the effect of



different combinations of dietary calcium and phosphorus on the
growth of juvenile olive flounder. Weight gain(WG, %), Feed
efficiency(FE), Specific growth rate (SGR) and Protein efficiency ratio
(PER) of fish fed D3 was significantly higher than those of fish fed D1,
D2, D4 and DS (P>0.05) and fish fed D7 was significantly lower than
other treatments. This results indicated that suitable dietary
supplementation of Ca 0.6% could be good for growth in juvenile olive

flounder.



Experiment [ : reevaluation of phosphorus requirement
and bioavailability of various inorganic phosphorus

sources in juvenile olive flounder

A six-week feeding trial was conducted to determine reevaluation of
phosphorus  requirement and bioavailability of various inorganic
phosphorus sources (IPS) in juvenile olive flounder, Paralichthys olivaceus.
Eight isocaloric, isonitrogenous and isocalcium experimental diets were
prepared basal diet (BD)contains 0.33 % total phosphorus (TP) and 0.60 %
total calcium three diets were formulated to contain 0.45, 0.57 and 1.14% TP
by the graded levels of NaH;PO42*H;O (NaPy s, NaPys7 and NaPy.14) and four
diets were formulated to contain 057% TP with K,HPO, (KP),
Ca(H2PO4)2*H0 (CaP), CaHPG4*2HO (CaHP) and flounder bone meal
(FBP), respectively. Fish averaging 4.02 + 0.03g (Mean * SD) were
distributed randomly to each aquarium as a group of 20 fish, and were fed
one of eight experimental diets in triplicate groups.

WG, SGR, PER and FER of fish fed NaPys; diet were significantly higher
than those of fish fed BD, NaP;1, KP, CaHP and FBP diets (P < 0.05).
However, there was no significant difference in WG, SGR, PER and FER
among fish fed NaPys;, NaPoss and CaP diets. Whole body phosphorus
retention (WBDr) of fish fed NaPos; diet was significantly higher than those
of fish fed BD , NaP;14, KP, CaHP and FBP diets (P < 0.05). However, there
was no significant difference in WBPr among fish fed NaPys;, NaPg4s and
CaP diets. Phosphorus (P) digestibility of fish fed NaPyas, NaPgs7;, NaP114

andCaP diets were significantly higher than those of fish fed the other diets



(P < 0.05). This results indicated that NaH,PO;*12H,0 and Ca(H:PO4),*H;0
could be good phosphorus sources in juvenile olive flounder. Broken line
analysis of WG indicated that the dietary P requirement could be 0.46 +

0.04% for flounder.



Experiment II : The effect of different combinations of
dietary calcium and phosphorus on the growth of

juvenile olive flounder

An six weeks feeding trial was conducted to study the Ca-P ratio in
olive flounder Paralythys olivaceus. Seven diets were formulated to
contain 0.26% (D1), 0.42% (D2), 0.6%(D3), 0.78%(D4), 0.9% (D5), 1.2% (D6)
and 1.8% (D7) Calcium and 0.6% Phosporus.

NaH:PO4 were used as the dietary phosphrous sources, CaCl, were
used as the dietary calcium sources, and Casein and flounder mulcle
were used as the dietary protein sources in this study.

Prior to the start of the feeding trial, fish were fed the commercial diet
for 1 weeks to adjust to the experimental conditions. The feeding trial
was conducted in a flow-through system with 60L aquaria. Flow rate
was 1.2L/min. Supplemental aeration was provided to maintain
dissolved oxygen near saturation. In the 8-week experimental period, a
groups of 25 fish averaging 1.5 + 0.01 g (mean SD) were randomly
assigned to each aquarium and fed the experimental diets in triplicate at

a rate of 3% of wet body weight per day.
Weight gain(WG, %) and Feed efficiency(FE) of fish fed D3 was

significantly higher than those of fish fed D1, D2, D4 and D5 (P>0.05)
and fish fed D7 was significantly lower than other treatments.

Specific growth rate {SGR) and Protein efficiency ratio (PER) of of fish
ied D3 was significantly higher than those of fish fed D1, D2, D4 and D5



(P>0.05) and fish fed D7 was significantly lower than other treatments.
Survival rate of all treatments were not sigificant different (P<0.05).
This results indicated that suitable dietary supplementation of Ca 0.6%

could be good for growth injuvenile olive flounder.
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Table 1. Composition of the basal diet

Ingredients g kg diet
Casein' 369
Gelatin' 54
Flounder meal® 105
Dextrin' 259
Squid liver oil’ 66.8
Com oil’ 52
Vit. mix’ 30
Min. mix’ 30
Attractant 17
Cacl2 13
Cellulose 44
Cr203 5

Proximate analysis
Moisture (%)

Crude Protein (%, DM) 49.8
Crude fat (%, DM) 124
Crude ash (%, DM)

Phosphrous (%, DM) 0.32848

'Baker Commodities Inc.,, L.A., USA

*Prepared by lyophilized muscle from adult fish

*Ewha Oil Company, Busan, Korea.

‘Contains(as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium
pantothenate, 150; Choline bitatrate, 3000; Inositol, 150; Menadione, 6;
Niacin, 150; Pyridoxine - HCl, 15; Riboflavin ,30; Thiamine mononitrate,
15; dl-a-Tocopherol acetate, 201; Retinyl acetate, 6; Biotin, 1.5; Folic acid,
5.4; Bz, 0.06

°Contains {as mg/kg in diets) : NaCl, 437.4; MgSO, - 7H,O. 1379.8;
nSQy . 7H,O, 226.4; Fe-Citrate, 299, MnSQ, .016; FeS50, 0.0378;
CuS0y, 0.00033; Calcium iodate, 0.0006; MgQ, 0.00135; NaSeQs;, 0.00025



Table 2. Dietary phosphrous sources and P supplementation rates of

7 different experimental diets

Diets' P sources TP TCa®
1 (D1) - 0.33
2 (D2) NaH2PO4s*12H20O 0.62%(S1-a) 0.45
3 (D3) NaH,PO*12H,O 1.12%(S1-b) 0.57
4 {D4) NaH:PO*12H,0 4.10%(S1-c) 1.14 0.60
5 (D5) KH:PO4(S2) 0.57
6 (D6) Ca(H2POy)2 * H0(S3) 0.57
7 (D7) CaHPO4*2H,0(54) 0.57
8 (D8) Fish bone meal(S5) 0.57

! Refer to Table 1
% Total Phosphrous in diet
> 9% Total Calcium in diet
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H4Y FTE F, FA&(weight gain, WG), ALE & &(feed efficiency, FE),
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rate) 12)31 ofale] YR 2 Ae zASAL. oA FHe 3% 717

oF HAES 24 s 2 Fx92 FA BAS 2sAT. v
e FAe ZAlY g9 BAL g 2 £29 nley oz &

28t v RelA e AP F, micro-hematocrit method(Brown,
1978) 2]} hematocrit® £ AL, e AR BAL s vnx o

e 20T ¥E Lastich dgAlEe 2t £2¥ 2 Sojed 2agg
F&oted BT Hojae UWARS AOAC(Association of Official
Analytical Chemists, 1995)#3j o2 BMggded, S22 4% 719 A=z
Hog, AL Kjeldahe A 7§%‘“@'€](N\/><6.25), ZA ¥ Soxtec
system 1046 (Tecator AB, Sweden)o. 2 18]1 Z 3RS A3 Yoz
77h EMEt AT A AT A, 4 29 5ntalH 427, AlaTy
2 e F AFHES 77 g8 ARME sk HojH e wE 60
0T 24HEt F AEME 98 w8 %, spectrophotometric
methodo} ojsf EAalrt. 1ol o] 8448 Uolw7] s A¥AlE @ T
7IeRY FR/E 2 FAHE (Nordrum et al, 1997)7} ¢ 4318 (Sugira et
al., 1998)2 ZH ek,

iR

1 BAA=

2 AR EAHYE Computer Program Statistix 3.1 (Analytical
Software, St. Paul, MN. USA)2 RAHELA(ANOVA)S AA & HA$ o
A7 (LSD: Least Significant Difference)© 2 37 7}e) 12144 (P<0.05)-&
HA sttt



A3 T: A7l dAel o)A Alrd A3 49 HPul g 44

1. 3o & A3 3e

Aol A Aolg APel Bolrrlel] &M 253 NxARE 9
A dBlAbS sRon T A AP 653 AAEHT dulAts F,
i o]AFE 1.5+ 00lg (mean+SD)Sl X} E 601 FRP Y8520 20v}z)
A 788t 7t AYTFD 3E oz T wHsAct. dY AlRTEH
oA FY 35%(AEF 7IE)e g 19 23 FF3dd & 23 ¥
HAFFE AN dol2EE dAEld 8447 2RAY) HE
T, 4P7L T FLL 24T HEE FAHQYeH H4

< U/min °[Y Age] GREE 3121 ppt Aot

flo

&

o

2 A84s 2 249484

Z1ZARE F 9 AdL g FhAR], PSSR 281 S w4
EdezE WrtRe 92EIS AMgIHoen, 2Aoitf(squid liver
oil), EPA & DHAZ A @Yoz o] &34t APAEE 7|ZRAIR F7]
B TE YL E NaH,POE A8l oen ZHdoss CaCLE A&
KAt 71xA A E F9F ] 059%, EAFTFo] 0.25% R UE
Aoz BHEAT. 771 APAIEW AFFL 06%= nFI}HoH
AladE 24 0.26%(D1), 0.42%(D2), 0.6% (D3), 0.78% (D4), 0.9%(D5),
12%(D6) 2 1.8%(D7)3 A 14k & AA g9 Z43 <9 v&e
Table 4o YEMAUT. 7|Z2ALE 2 HPAIEE 98E T3 3 g4
Z2718 42 - E39on, YdAar|s Siever TEA N T, AR
20TAM HEHEA ARSI



Table 3. Composition of the basal diet

Ingredients g kg'l diet
Casein' 369
Gelatin' 54
Flounder meal’ 105
Dextrin' 259
Squid liver oil’ 66.8
Corn oil’ 52
Vit. mix”* 30
Min. mix’ 30
Attractant 17
NaH2PO4 13
Cellulose 44
Cr203 5

Proximate analysis
Moisture (%)

Crude Protein (%, DM) 49.8
Crude fat (%, DM) 12.4
Crude ash (%, DM)

Phosphrous (%, DM) 0.32848

"Baker Commodities Inc., L.A, USA

*Prepared by lyophilized muscle from adult fish

*Ewha Qil Company, Busan, Korea.

‘Contains(as mg/kg in diets) : Ascorbic acid, 300; dI-Calcium
pantothenate, 150; Choline bitatrate, 3000; Inositol, 150; Menadione, 6;
Niacin, 150; Pyridoxine - HCl, 15; Riboflavin ,30; Thiamine mononitrate,
15; dl-a-Tocopherol acetate, 201, Retinyl acetate, 6; Biotin, 1.5; Folic acid,
5.4; Bz, 0.06

"Contains (as mg/kg in diets) : NaCl, 4374; MgSO, - 7TH,O. 1379.8;
ZnS0O, .7HO, 226.4; Fe-Citrate, 299, MnSO, 0.016; FeSO,, 0.0378;
CuSO0,, 0.00033; Calcium iodate, 0.0006; MgO, 0.00135; NaSeQs, 0.00025
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Table 4. Ca and P supplementation rates and total Ca and P levels of

experimental diets

Diet'!  CaCloy(%) NaH,PO(%)  TCa® TP Ca:P
1 (D1) 0 0.2 03:1
2 (D2) 0.46 0.4 07:1
3 (D3) 0.95 0.6 1:1
4 (D4) 1.45 136 0.78 0.6 13 :1
5 (D5) 1.79 0.9 15 :1
6 (D6) 2.62 1.2 2:1
7 (D7) 431 1.8 3:1

' Refer ro Table 1
> % Total P in diet
> 9% Total Ca in diet

__11_



3. 011 4 2 AREA
AY ZF85 T, ZA)8&(weight gain, WG), A}8 & & (feed efficiency, FE),
o 7443 A& (specific growth rate, SGR), @4 & 48 & & (protein efficiency
ratio, PER), ®|?t%(condition factor, CF), hematocrit, &8 (Survival
rate) 12]3 oA 9] Uk E % AL FARIED. oA 5L 35 HFH
o2 AFEE A7 A A4 F2E2 JA FAE FAHSNASG vhA
ZAHE 2Ae Y BAE Q8] 7 2 3uiEld dYFE F
23l mRAAGA HH-g Y &, micro-hematocrit method(Brown,
1978)cll ¢]8] hematocritE Z83 93, h& AR 4% 8 U o
Fe 20T 35 RH3Ach APARS 4 s2UE Supgly 592
F&3o] BT AojAlel AubAHE-L AOAC(Association of Official
Analytical Chemists, 1995)¥ 2.2 B4R, F2& 4% 718 Ax
Hog, zuwWaAe Kjeldahel HA HFHN x625), A Soxtec
system 1046 (Tecator AB, Sweden)2.2 3|3 Z3|E & AH3Ispio=z
7tzh BAEIET AEAAE FEAY, 7 £29 5vheld 3, AlRTE
2 EE F ASAESE 77 A8 AEAS A HolAg we 60
OCAA 247159 & UAR4E 93] HE F, spectrophotometric
methodol] oj&f £ Rt Qle] o] 84S YolBy] Hs) H4¥Ar R F
71Nl E2HF5E ¢ 38 (Nordrum et al, 1997)7} <1 A 3-8 (Sugira et
al. 1998)8 =Hstgr).

4. A A=

RE 8¢ EAXZE Computer Program Statistix 3.1 (Analytical
Software, St. Paul, MN. USA)2 222 M(ANOVA}S 2A|8te] Hi g9
27 A(LSD: Least Significant Difference) @ HT k9] £9/3(P<0.05)&
AR s AH-

Al‘z_



A3 4A#

A3 1Ao7l dHd QoA Alsdl ARAFF] AH7l L 77
H FH4E o84 97}

6508 AFAE T AlsdEe] WX Ao vjAe EdE Tables
of JEhR Rk Z )& (weight gain, WG)o| lo]AE D3o] 713 =& A
o2 vegstoy D2, D6t #9H AolE HolAe &gom D29 Dée
D4, D5, D7, D83} {o&Hog zo)7t gle™ DIe BE AF 7o 3|
foHez 71 A JeEPG o P>0.05). UzHA A S (specific growth rate,
SGR)ell UM E D30l 71% & Aoz ehgort D2, Dést #93
apolE Ho|ZAE ¢%oen D28 Dex D4, D5, D7, D81} fojxoz 3}
ol7} gl em D1 RE M vg foxoz A @A dehgd
(P>0.05)., &2 g E -8 (protein efficiency ratio, PER)o] 2lo] A= D3o]
A w8 o g Jelyel D2, D6st §-9o A xlo]E Rolx|: 9gto
o] D29} D6 D4, D5, D7, D83} {oj& oz zlojr}t gllen DI T
AT wlE fofAHez s wA vebdoh(P>0.05). a1y AlRES
(feed efficiency ratio, FER)ol| el x D3e¢] 7} & Ao 2 vgyge
1} D2, D69} §-o A o]d HolxE wsron D2st Dé= D4, D5, D7,
D83t weldeg o]zt giem DI RE Ao vlis] foHoez
74 G el o(P>0.05).

o} A <15 § (whole body P retention, WBPR)o)) glejA&= D3o] 7}
A w2 FHES U ey D2, D6t F93 olE HolA= sk
om D73 D8o] v =] Ao vis) FoHoz EA eyt

2l 43} (phosphrous digestibility, PD)o] glolAE 719 e B <)

Alg.,



F718) 1% NaH:POu9t Ca(H:POg)27 F2lFH o2 713 =4 JEldod
CaHPO4¢} fishbone meale] §2ld e g 713 A Jhelyo)
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Table 5. Effects of the basal diet and five test diets on growth

performance in olive flounder

Diets'

Pooled

1 2 3 4 5 6 7 g o2
SEM

WG%6)®  235° 260" 287 260°  252° 272" 249" 2550 547
FE(%)" 97 106 109° 1035° 1025° 107 102" 102° 129

SGR(%)° 285 3.14% 325* 3.1° 307° 318" 306° 308 004

PER® 1965 2.12%° 218 209> 207" 214® 206" 207" 002
HST’ 431 249 225 201 159 460 362 414 041

CF® 171 104 114 091 084 161 171 166 013

! Refer to the table 1.

? Pooled standard error of mean : SD/+/n.

> WG (%) = Weight gain (%) : [final wt.(g) - initial wt.(g) / initial wt.(g)] x
100.

* FE (%) = Feed efficiency : (wet weight gain / dry feed intake) x100.

® SGR (%) = Specific growth rate : [loge final wt.(g) - loge initial wt.(g)/days]
x 100.

® PER = Protein efficiency ratio : wet wt. gain / protein intake.

" HSI = Hepatosomatic index : liver weight(g) = 100/ body weight(g).
® CF = Condition factor : [wet weight(g) / total length(cm)’] x 100.

_15_



Table 6. Whole body Phosphrous retention (WBPR) and Phosphrous
digestibility (PD) from fish fed 8 diets for 6-week'

Diets’ Pooled
6 i 8 SEM

1 2 3 4 5

WBPR (%) 8 87 91 78 74 8 70 68 2.94

PD (%) - 8 8 79 65 8 55 53 482

Walues are means from triplicate groups where the bar have different
superscript is significantly different (P<0.05)

Refer to table 1

_16__



300 ¢

250

WG(%)

200

150
D1 D2 D3 D4 D5 D6 D7 D8

Diets

Fig 1. Weight gain (WG, %) from the fish fed 8 diets for 6-week.
Values are means from triplicate groups where the bar have

different superscript is significantly differenlt (P<0.05)

SGR(%)

D1 D2 D3 D4 D5 D6 D7 D8
Diets

Fig 2. Specific growth rate (SGR, %) from the fish fed 8 diets for
6-week. Values are means from triplicate groups where the

bar have different superscript is significantly differenit (P<0.05)
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Fig 3. Protein efficiency ratio (PER, %) from the fish fed 8 diets for
6-week. Values are means from triplicate groups where the

bar have different superscript is significantly differenlt (P<0.05)
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Fig 4. Feed efficiency (FE,%) from fish fed 8 diets for 6-week.
Values are means from triplicate groups where the bar have

different superscript is significantly differenlt (P<0.05)
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Fig 5. Whole body Phosphrous retention (WBPR) from fish fed 8
diets for 6-week. Values are means from triplicate groups

where the bar have different superscript is significantly

different (P<0.05)
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Fig 6. Phosphrous Digestibility (PD, %) from fish fed 5 Phosphrous

source for 6-week. Values are means from triplicate groups

where the bar have different superscript is significantly different

(P<0.05)
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Figure 7. Broken line analysis of weight gain (WG, %) for the dietary
phosphorus requirement in Olive flounder (NaP =
NaH2PO42H20, CaP=Ca(H2PP04)2,H20).
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A7 0: Ao7) dAd lolA Alsdl Q13 T FAFu g A3

F 672 A& (WG, %), At8EE (FE %), Y44 E (SGR, %),
ek 58 (PER) 223 AEE (Survival, %)% 9 A}ty Table 7o) 1}
B o 6573 FALC oM ZEd A9 vEs 112 AT 4Y
At 39llM ooz b A JERden (P>005), Zrgd 919 w)
&2 318 AHAF HdFPAE 7dA4 fdHo= s WA Jelgg
(P>0.05). HFAte 1, 2, 4, 53l FoAI A7t YA Fu
(P<0.05).

AtEE & oA HAFT 9 HIEE 112 AT APALE 304 &
SHe 2 78 =A dElen (P>0.05), dFALE 7dA foFHoz 7}
2 A JEbd o

A& SlolA Zaa A9 HEE 112 AR HPALE JohA
FHog M wA detd e (P>005), Zad <9 uwgL 31z A
4% PR 7oM FolHoz 7B @A Jebyth (P>0.05). A¥AlE
1, 2, 4, 53Foll& FFQ zpel7t pA] gk} (P<0.05).

@A o JolMTAFI Y vES 112 HAHT APAIE 394
FoHo g 7 A4 vegoen (P>005), Zed Qo Hl&L 312 4
A AP 7dA FoHez 7 @A delygcl (P>0.05) A¥ALE
1,2, 4, 5zt & #F9FA Aol7b YA &g (P<0.05).

AEE Aol e 2E AFFT0 #9993 Aoz vdehx] 4o
(P<0.05)
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Table 7. Effects of the basal diet and six test diets on growth

performance in olive flounder for 6 weeks

Diets'

Pooled
SEM?

WG(%) 199™ 203° 251° 219" 173" 164° 111" 323

1 2 3 4 5 6

FE(%)* 755 769" 955° 834° 663 619 419° 643
SGR(%)” 201" 202° 208 204" 1987 19¢° 186° 013
PER® 151" 154" 191° 1.67° 1337 124° 084° 003

Survival(%) 88.7°° 88" 847" 933 867 88" 853" 237

! Refer to the table 1.
? Pooled standard error of mean : SD/+/n.
PWG (%) = Weight gain (%) : [final wt.(g) - initial wt.(g) / initial wt.(g}]
x 108,
* FE (%) = Feed efficiency : (wet weight gain / dry feed intake) x100.
SGR (%) = Specific growth rate : [log. final wt.(g) - loge initial
wt.(g)/days] x 100.

PER = Protein efficiency ratio : wet wt. gain / protein intake.
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Fig 8. Weight gain (WG, %) from the fish fed 7 diets for 6-week.
Values are means from triplicate groups where the bar have

different superscript is significantly differenlt (P<0.05)
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Fig 9. Feed efficiency (FE,%) from fish fed 7 diets for 6-week,
Values are means from triplicate groups where the bar have

different superscript is significantly differenlt (P<0.05)
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Fig 10. Protein efficiency ratio (PER, %) from the fish fed 7 diets for
6-week. Values are means from triplicate groups where the

bar have different superscript is significantly differenlt

(P<0.05)
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Fig 11. Specific growth rate (SGR, %) from the fish fed 7 diets for

22

SGR

D1

6-week. Values are means from firiplicate groups where the
bar have different superscript is significantly different
{(P<0.05)
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Fig 12. Survival rate (SV, %) from the fish fed 7 diets for
6-week. Values are means from triplicate groups where the
bar have not different superscript is not significantly

different (P<0.05)
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A4d4F = 9

Al A7l Fe AATE FAVHANL ASFHY FHUACE o}
747 8 AR A Fao o] &4 wf wL WuAIRY UH
H AN P AR A3 Ao FdFe HAHJATE WP Yo}
Ztn ok Aol EoiME YolAlgel F A A ofRU HYY <
ol ok FAF AT AR AL WA E fds FHEEA
BWEE A% A7 Fadol 95 FdHoA L vt (Berevidge, 1984;
Enell, 1987; Folke & Kautsky, 1989; Cho et al, 1993; Johnsen et al,
1994). £3], & F& AR &9 Q 9 olfe Foz Hda d&

algae AFL FAs 1 A& FAFY AVt 289 FHUe] HaE=

g3

23], Foig WMEFol AEA AMEA P W) 2 A <
(P)o] FiElol gled, FLtA ZHANA o FI} HA @ AlRs oAF
o WAl HIHE BE YA ol FelRel A wWaHE ol o
BEEG0%01NS AT Yt AP FAoIFl JYAM F2 ARH
gz IR, 44, 94, 27 T4 342 435D 3§, YA,

O
[

2FE, AXEY, AR A2 g 28 59 7120 HESHTH e
o glold Fa¥ 98 dIHE JPLolth WH, 2RI 4FE 2

StAY AW §F42e ot Rddst Fo] e FUse ¥
A Feigt §278 9FL 2AY & Uon(Auer et al, 1986
Beveridge, 1987, Watanabe, 1991), %ojAlgol <1 ZH Aol FHH Ao
AR oR o|FojAA] Yo} HAFrrFoly FRI|Fol WAL & s ¥
grebyzt AAgoly ALRES UM AFRHAe] dojuri:
(NRC, 1993). o]s}gto], <18 $84& nejstd At ¥ < o84 A}
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2 HE < FFE Rt 23k 9 FHg FFE vlAe A 5
Q3% $7}A Q9lo|BmZ (Sugiura et al, 1998) SJE9] A AAgFE S, A
oA Algd 1 FHE Folr] Hs)
Me d48d @75 T8 A9 =& AAY o] -84 (biocavailability) & 2
2 A4 A g% 7yl Pasich
Lall (1991)2 ¥Ho 2 Ag Ql wiEHS Sol7] g At 22 A, <l
3 EA, olRe A4 AlRES, A4 E 2 HAS
B PAA g ALEW AFFE Fole @, A, < o84l =
& Agut 9 FHrzhAe A=, A, F oM Bilzrt @
2 HAHAIY A, gAA, AlsESol Xk F2 ALY AT oA
A, At FAE Hagslz] A HHE S AAS A £33 99 o]
4e el 533 e, AMR e &3S, dFLte] HEAE, Ao EA
T AR HEWE, FAa 2T 4% B (Lall, 1991).
6737te] ALY & FAE, AlEEE, 434 E ¥ 99E HE
89 £3ET M IEF(NaHPOg)E AMR-3F D3e] 744 &4 eyt
t}. BroKen-line modeld] &J&] =482 71F22 xol7] o oA
AtEW AA Qe 045%F 20006 R @ xo)7] gAe o 2F
ol B AH(Park, 200009 YA BHATE A Fol U] AP) LFFo] of
& AFE @H5oFQ #E (Sakamoto and Yone, 1973), ZA]A %)
(Ogino and Taketa, 1978), W7o] (Arai et al., 1975), % o](Ogino and
Takeda, 1976) T& sAelE tA % A9 (Ketola, 1975), FAof
(Watanabe et al, 1980), =322} (Lee et al, 1998)% gx| (Park, 2000)
FAA dTEHAeH, 1 7S AFRY 03 - 15%2 B3 Hied &
APAM AZRFE FAY QaTFe dol, FAAES], hAFdAe] F
FEY 06-08% Rote ta wom Az @ 29E FARE +£F

o I-J
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£ B3k
A Fo Ul A¥EA Qe F(NaHPO,

o

AH8-3F D39 =4
ol 7P =4 vEbEo A9 FFEd 8% 4 d74Ens 4R
HoAg e 7]ol A chFdtel 1 AStE e 25%F B ¥on (Wilson et

L 1982) B4 W 2ol < 2R Aased 53 ARe A
UJEE (NaH,PO;) 90%, U14z4 (Ca(HPONH0) 94% )3 o]Ql
AHd g (CaHPOSMHZ0) & 65% 2 A1AMdFe] o|&4de] 718 & Ao

2 BaE v ok £ A v A Hoju HAE whE o] Ql4s)
&L oF 40%=2 RaETt (Lovell, T, 1978). FX|7| ojo] oir] F
718} 1 FHE A o8& #I dAFdFH} UMYHEF (NaHPO)=
98%, YAHEF (K:HPOy) 98%, A4t w (Ca(HPOh)"H:0) 94% 222l
o]Qlatd g (CaHPOsH0)E 71%2 AAMIEFH Qiabzhg ol o449

e A2z BIY w Utk dofdN R FRY U2HE 4L
FE ol84e oAVBF 86%, ANTF 9%, AWIEF 131% 19

SUCIRME 51%2 At ool FHY E& ez nmdE v
At (Nordrum et al, 1997). ¥ole] A& AMUEF 94%, AF2F
94%, AALrEE 9% el o]t e 46%2 B HJT (Ogino et
al, 1979). <ol Alme] F 9 AHR] ojFu 09 o] &4 #g A+4
7 ZFFAAE 30% stFolRen dolo HAeE A F4E A R
2 B EUT (Yone et al, 1979). B AgAI} dxd glojr &
TRY ol&4d ZAAA MEFH ikdgo] ol& Aol =



& BAY FEke]l Hon mE o]gFo| dol dHolFY AGAU A4
2 we] RrASE M= HREE ALEC o3A FgEHHor
ko 19 ol &AL o) A e, Mue afte, FELT FEFH
&, Ao EA F% AMRY bR, 3459 2Tl 9

(Lall, 1991). 3], 212 JtrFoMe Zgpe] v ol wab 2 o] &8
ol @eiAl7] wio ZEad A HAY vEs dYc] dHF FTas
(Davis et al, 1993), &t AlgW Zgo] 7Y H7HA Q1] o] 84S A3
A Z1dE B3l 90t (Nakamura, 1982; Andrews et al, 1973). =3 34
FrE Zgo] 9 dHT BEH ZFE oFE ol8E g e A
&9 R seEY FodA A& FFske AL Pnde Rax 3l
“HAndrews et al., 1973; Cowey & Sargent 1979). 13} Z g} vl & #
3 AFe FA7/) 49 (Robinson et al, 1987), Adul”] (Meng et al,
1996), A& (Coote et al, 1996; Coote et al, 1998), A}%- (Veronica, 1999)
Sl Baug bl ok <l deES 06% = 1ASD TEo HSE F
Ae 6779 4949 FAE, AMERE, AR E 2 9N HHas
o] 23 Ayt <z} ZAgo] ¥E&S 1: 18 4% D3dA 744 & dn
£ Yeh 2

%) o} (Nakamura,1982), |'d ) 7|(Lovel, 1978), F A7} 4 <J(Rodeshutscord,
1996) ¥ <Adoj(Ketola, 1975)F el UolM ALEW ZFE 7% 0-1.5%
o <le] Q7L 025-08%2 HuHth B A¥AA dAT Y AF
9 O oF3 449 WY A% Beel MEe ARRez ART.
Sz B oagel dn Aelrl A oy Hol 4R A ARy
o] 8FHFL 043%2 AREHY JHF o]fAe] & HALE AAAE F
Z1ei1E JQAIEF (NaHPOg) d04h24s (Ca(HPOu)2*H0)S A2
2 AAREC 123 5 oA 243 2o Ala 19 FFo] 06%Y W

s



#9 BF 944 06%2 2WeE o] L AFARE YUY 18
B2 Yo oA ALEUl A4 CaP ratio= 1: 12 AR T

;30_



As5F 2 9%

B Are Sl FHolFed b wol AMSHI e dAle A
Adarde ARBH LrHAY £7E ole4 1w A% BHe) A
Mg sy skl AN, APolFE 22 BFE 4.01:0.02g%
15:0.01g9] g3 olg A&l 4@AgY FowAdogs x|
A ABEE AHEEtY o HPFYoM ARt daTFFH B
7iefle] ol &4 S AT 67 AFAA FAE UeJA D3o]
o 7B wA vERteu D2 B D6t {o A AolE HelAE
stk 53 D29} D6 D4, D5, D7, D83} #2124 ¢l zto| S Vel A &
kool D1& Z& A7 8l3) fedzeg 7b 2A eElsoH(P>0.05).
MNEEEY dolHE D30l foHeR A A Jewker D2 2 Dé
o FoFQl Aol HolAw Fuct 3 D¢ Dé= D4, D5, D7, D8
Fo] A9l olE Uehlz egton DI RE A®T vl §elxos
7P SA GEbReHP>0.05). Lzt AFE 2dojA D3o] feAHoR 7R
A Vel ot D2 ¢ Degt oA Aol HolAe ¥tth =3 D2
¢} Déx= D4, D5, D7, D83 F2&Ql xpol& Ve A HFgten DI 2
© ATl vlE fejHez 7 @A e TH(P>0.05).

G APFgo] glolA D3o] FeFHoer N A veixon D2 ¥
D69} #9FQl AolE HolxAe @it =3 D29} Dew= D4, D5, D7,
D87 folHQ HolZ vehilx gglorn] DIe 2E A3 ] fof
Hos 7HE 9 A UeKtHP>0.05). AW UEHE M= D3ol 7t
4 52 FHES Yoy D2 B Dot #foF AolE Holxt &
tow D73 D8o| oz HPF] Hig fFo|Aoz A Jeiyt
(P>0.05). Aas&o] A= HrtE ¥ ele] T8 AF NaH2PO4
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9} Ca(H2PO4)27} Fo A2 717 4 vebst v CaHPO49} fish bone
mealo] f-el& o2 7}A A eyt

Atad Qe A e 242 AT 7 U o530 28] A
FAE SlolM gt 218 H&E 118 HAS D3o] {rojHez 714
A et en(P>0.05) D1, D2, D4, D57kl E= §9A zto]7t JElhR
AATHP<0.05). D1#% Doe #92<Ql =el7h e}z ggton D7o] &
© AT v foFHoE YA JERTHP>0.05). AR E & U
D3o] FelHoz 71 A uveson D1, D2 9 Dédire FIHA
Atol 7k vhehta] Fioh(P<0.05). D5%} Déx: #2&<Q Ael7} vA| &gk
ov D70} RE AYFel) wls] FoHog vl Vel W(P>0.05) D67
T A Aol WERYA] GkTH(P<0.05). YHEFEA UoiM D30l &
ojHo g 7} A vehgoen DI, D2 9 DédlAE FolHQ zelzh u
EhtA]  @tThP<0.05). D5+ Do o5 Aelrt A gien
(P<0.05), D70 RE A% 7o) uis] folgor i Jeigoh g
gaE 3lolM D3] fejxez b =A e e n(P>0.05), D1, D2
g Ddol M= fre 2l zbelrh vehA] RkTHP<0.05). D58t Do 2
ol xbo|7h U] Yhom(P<0.05), D70] BE A 7ol uls] foHor
SA GERRTHP>0.05). AEE oM e e @A FFHA
o7 vhEhbA| @k RECHP<0.05).

2 A7 A #oj7) A slolM Algd 19 8772 045%, 9
40 & FrE99 e NaH2PO49 Ca(H2PO4)2 221 AFRUY)
A Adx Zge wge 1: 102 Jehgoh mely B d7dne AR
W 2 Q1o ke zdstd FAAHAY M@ WMFAAR Add =
0] & & g Zlog ARETH
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Ae6F FAY 2

FEY AAA BEHoln = HY AlmEM el o] FARIAE
AFH T2 wied megd kaet 286 A=Y, ohbgy HmA
Folx AAT 2doz =F5 OeolFA A& A9 &34 A
A JHer FAEFYS

Fols B olgle &Ed dd Az ZA LA FA A
AAE, BT AR AZE AAYAE ZAEEY

el Ao fUoiM o] =Fo] U r7AA] HERE Zeil 7
& Avld, FaE Aud, S95 A, HAY Qg GdE dud
# 3, 9, 98 PSS ARFEe T ATYEEAE BAEYY
.

Te e FASHANE AR A S wigALR
o8 o]Fo] Fow oF i ATHE AgHFA WY

RATe R BEE A4L B9e Ded Ao AFAA SuhgA
A4 RRdA Be FAE =Y

_33_



A7 @A FnEA

Andrews, J.W. Murai, T. & Campbell, C. (1973) Effects of dietary
calcium and Phosphrous on growth, food conversion, bone
ash and hematocrit levels of catfish. J.Nutr.,103,766-771

Arai, S., T. Nose and Y. Hashimoto. 1975. Mineral requirements of eel.
I. Ca. Mg and P. In: Proc. Annu. Meet. Jap. Soc. Sci. Fish. April
1-6, Tokyo. P. 48(Abstract).

Auer, MT., M.S. Kieseer, and R.P. Canale. 1986. Identification of critical
nutrient levels through field verification of models for phosphorus
and phytoplankton growth. Can. J. Fish. Aquat. Sci. 43:379-388.

Bai, 5. C, X. Wang and K. Kim. 1999. Present Status and Future
Prospects of World Aquaculture: The Korean perspective
"Proceedings of International Conference on Impacts of Population
and Markets on the Sustainability of Ocean and Coastal
Resources: The Perspective of Developing and Transition
Economics of the North Pacific, Seattle, pp. 155-177. June 3-4,
1999.

Bervridge, M.CM., 1987. Cage aquaculture. pp. 149-164. Fishing News
Books Ltd., England.

Cho, CY. 1993. Digestibility of feedstuffs as a major factor in
aquaculture waste managements. In: Kaushik, SJ]. & P
Luquet(Eds.). Fish Nutrtition in Practice. pp. 364-374. INRA Press,
Paris.

Cowey, C.B. & Sargent, J.R. (1979) Nutrition. In:Fish Physiology (Hoar,

_34_



W.S. & Randall, J. eds), Vol. IIl, pp. 1-69. Academic Press, NY.

Enell, M. 1987. Environmental impact of cage fish farming. Report of
the Institute of Freshwater Research 63:106.

Folke, C., and N. Kautsky. 1989. The role of ecosystems for a
sustainable development of aquaculture. Ambio 18:234-243.

Johnsen, F., M. Hillestad. and E. Austreng. 1993. High energy diets for
Atlantic salmon. Effects on pollution. In: Kaushik, S.J. & P. Luquet
(Eds.).Ketola, H.G. 1975. Requirement of Atlantic salmon for
dietary phosphorus. Trans. Am. Fish. Soc. 101:548-554. Fish
Nutrition and Practice. pp. 391-401. INRA Press, Paris.

Ketola, H.G. (1975) Requirement of Atlantic salmon for dietary
phosphrous. Trans. Am. Fish Soc., 3, 548-551

Lall, S. P. 1991. Digestibility metabolism and excretion of phosphorus in
fish. In: Ogino, C., and H. Takeda. 1976. Mineral requirements in
fish. M. Calcium and phosphorus. Bull. Jap. Soc. Sci. Fish.
42:793-799.

Lee S. M, Sung Real Park and Jeong Dea Kim. 1998. Dietary optimum
phosphorus level of juvenile Korean rockfish (Sebastes schlegeli). J.

Fish. Sci. Tech. 1(2):180-186.

New, M. B. 1997. Aquaculture and the capture fisheries balancing the
scales. World Aquacultue, Vol. 28(2): 11-30, June 1997.

Lovell, T. (1978) Dietary phosphrous requirement of channel
catfish(Ictalurus punctatus). Trans, Am. Fish Soc., 107, 617-621.

Nakamura, Y. (1982) Effects of dietary phosphrous and calcium contents

_35‘



on the absorbtion of phosphrous in the digestive tract of carp.

Bull. Jpn. J. Sci. Fish., 51, 605-608

NRC (National Research Council). 1993. Nutritional requirements of fish.
National Academy of Science, Washington. D. C. 114 pp.

Nordrum S, T. Asgard, K. D. Shearer and P. Arnessen, 1997.
Availability of phosphorus in fish bone meal and inorganic salts
to Alantic salmon, Salmo salar as determined by retention.
Aquaculture, 157: 51-61.

Ogino, C. & Takeda, H. 1976 Mineral requirements in fish 3. Calcium
and phosphrous requirements in carp. Bull. Jpn. ]J. Sci. Fish,
45(12), 1527-1532

Ogino, C. and H. Takeda. 1978. Requirement of rainbow trout for
dietary calcium and phosphorus. Nippon Suisan Gakkaishi
44:1019-1022.

Sakamoto, S. and Y. Yone. 1973. Effect of dietary calcium/phosphorus
ratio upon growth, feed efficiency and blood serum Ca and P
level in red sea bream. Nippon Suisan Gakkasishi 39:343-348.

Sugiura, SH., Dong, FM, Rathbone, CK. & Hardy, RW. (1998)
Apparent protein digestibility and mineral availabilities in various
feed ingredients for salmonid feeds. Aquaculture 159, 177-202.

Park S. H. (2000) Studies to develop low pollute diet for juveile olive
flounder, Paralichthys olivaceus reared in the recircultating system.
Master course dissertation. Pukyong National University, Pusan,
Korea.

Robinson, E.H. LaBomascus, D. Brown P.B. & Linton, T.L. 1987

,36_



Dietary calcium land phosphrous requirements of Oreochromis
aureus reared in calcium-free water. Aquaculture, 64, 267-276
Rodeshutscord, M. 1996 Response of Rainbow trout growing from 50 to
200g to supplements of dibasic sodium phosphate in a
semipurified diet. J. Nutr., 126, 324-331

Watanabe, T. 1991. Past and present approaches to aquaculture waste
management in Japan, In: Cowey, CB. and CY. Cho (Eds.).
Nutritional Strategies and Management of Aquaculture Waste. pp.
137-154. Fish Nutrition Research Lab., Ontario, Canada.

Hled - =8, “21C viEtE e S - o e a3 e (7
& 3, A7F [FAekd])], 58 2112 & 11335, pp. , 1999. 1 & 2.
(AR EAD.

_37_



	표지
	목차
	초록
	1. 서론
	2. 재료 및 방법
	실험 1. 치어기 넙치에 있어서 사료내 적정인함량의 재평가 및 무기 태인 종류별 이용성 평가
	실험 2. 치어기 넙치에 있어서 사료내 인과 칼슘의 적정비율 설정

	3. 결과
	실험 1. 치어기 넙치에 있어서 사료내 적정인함량의 재평가 및 무기 태인 종류별 이용성 평가
	실험 2. 치어기 넙치에 있어서 사료내 인과 칼슘의 적정비율 설정

	4. 논의
	5. 요약
	6. 감사의 글
	7. 참고문헌

