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2. WAREWAK=BIFET, ILAR FFrs 250117,
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gk, B H & D,(0.0% 45,0.0% ) .D,(0.5% 45,0.0% %) .D,(0.0% 45 ,0.6% %) .D,
(0.5% 45,0.6% %) \D; (1.0% %5,0.6% %% ) F1 D, (1.5% 45 ,0. 6% 8 ) A A& RE AR B
¥, BARHARINEL  BEARAKR0REFH & 2R ENRNH60d 4 KR,
FHEAR TR MERA T FY 4 [ WHAEE(13.42+0.68) gl kM LA AE
FRANBREREFERECEND W, REEREZW: @R AR mBELA(D, fnD,) K&ty
AKXBEFEEKEMEREEHCERFRTH ML (P<0.05), T4d 8 R4 Hhf
WEEREERZFE THRMA(P<0.05), U AR, B n0.5% 55 = H 4 WEE
EXKEMHRE ALMNAETRR D BRENKI TR ERAREY W (P>0.05),
LR R 0.6% B E , FHWAMEO~LS%) HEFYWARKE FELEKE MHZR
¥t anm NMAARCKS MEARAS) MERFAR(EMALS BREHL)RARFE
®H(P>0.05), AHFERMERA(LSD) EREFHCERFRD (P<0.05), HH
PARMERERRT 2K PHERSE(P<0.05) ,BERE T AEEFSHKEE(P<0.05),
AUBBRESHLALTLIB~LE2EEN AEHEZFFAEE(P>0.05), B ZFH Y&
EkMERBRET MERITER, AR FEM0.6%8 0 , BHETRMEN0.5%,
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HERMIBXAMIEFE Bk, S0, W EAH5ESF 1 EMANEARERAR

ESRFEITFIE D, Mok MG LM e RS B Tab.1 Formulation and proximate composition
f the basal di

IR el R GV T T oe e e

o ; . ingredi (%) i igh
B VSR S RA RO RGma g T e TRRE) by e
i R AT ERE R B gelatin 7
- N i3 fish oil 9
1 H *"I’ —%ﬁ& EKIER; corn starch 30
- S ALHETE choline chloride 0.5
1.1 ## B A7 P mineral premix 2
FKARGFLHERBILRBRAK=TIT B K &4 F vitamin premix 2
= WUAATE (13.42 £0.68) g, MMAAK(7.93 + giig““bﬁe ion(h in iy 11-115)
proximate composition( % in weight
04«8) cm, %EE\%H&\ ?L@%(Ca'lac‘:ate) iﬁ] HEH crude protein 36.2
BER — S 41 (NaH, PO, - 2H,0) Iy B # E— 1 HLRERT crude lipid 8.5
RFUE, g, ERER AW B YTER KRS ash 25
) y INT H:1. EE7 W (mg/kg FRL) :MgSO, - 7TH,0, 5500;
*ﬂ?&i?%jﬁ%ﬁﬂmm;ﬁ%ﬁiﬁﬂﬁﬁﬁA EH% Ferric citrate, 150; CoCl, - 6H,0, 4; MnSO, - H,0, 3;KI, 7;
fiE, AICl, - 6H,0, 8; CuSO, - 5H,0, 8; KCI, 4 000; ZnSO, -
1.2 RIigit 7H,0, 140; Na,SeO,, 0.6, 2. HE 5% 4E R (mg 5k U’kg 1l

*;I,) ?&ﬁi? B1 ,50§?&§5§ Bz ,200;515? B6 ,50§?&§5§ B12 ,0- 1;
RS R E A 40 HiE, B Sy, RS, 500 ; JEBR , 750 ; HBR ,15; LA, 2000 ; 4k A K, ,40; 4 4E

FBER AR, R R RIS (E L), aa RS BERC 00 RERD: 201U

) i 0.0% .0.5% .1. 0% Notes:1. Mineral premix ( mg/kg mixture) . MgSO, * 7H,0,
2Tl SR £ I E ( 7 7 o A 5 500; Ferric citrate, 150; CoCl, - 6H,0, 4; MnSO, - H,0, 3;
1.5% ) FiB%(0. 0% 1 0. 6% ) FrHil i 6 FER % KI, 7; AICl, - 6H,0, 8; CuSO, - 5H,0, 8; KCI, 4 000; ZnSO,
) ) VLY 3 + 7H, 0, 140; Na,SeO;, 0.6. 2. Vitami i IU/k
ﬁa%%ﬁ%ﬁﬂ’ﬁ%ﬁﬂm&ﬂ‘% % 2o %AE dietI)-Iz- thiamin l?;driclslloride 50; ?l?;lfilasil:mlgogl-ngp;iidoxini
& Ca-lactate , B5IE NaH,PO, - 2H,0, Ff HFHE hydrochloride, 50; vitamin By, , 0. 1; calcium pantothenate, 500;
> X N | K nicotinic acid,750; folic acid, 15; inositol,2 000 ; menadione, 40;
ﬂé ﬁjﬁﬁﬂ EP%\@%B(JﬁéjJHO ﬁig&,ﬁj 7’6[— ﬁnlﬁiﬁ retinol acetate, 5 000 IU; biotin, 5; ascorbic phosphate ester 400;
% y ) 4H4 = cholecalciferol, 2 000 IU; alphatocopheryl acetate, 400
2.5 mm FFRES, SARHARE="®EL.,

x2 PRBRESES . BHORMHLESH
Tab.2 Calcium and phosphorus supplements and their analyzed content in experimental diets

4151 group iﬁﬁﬁ.[li(g/ 100 g) supplement ﬁﬁ%i( g/100 g) analyzed
48 calcium #% phosphorus 48 calcium #% phosphorus
D, 0.0 0.0 0.25 0.31
D, 0.5 0.0 0.76 0.30
D, 0.0 0.6 0.24 0.93
D, 0.5 0.6 0.77 0.92
D; 1.0 0.6 1.23 0.92
D¢ 1.5 0.6 1.79 0.91

. 1. 458 Ca-lactate;2. B§¥R %y NaH, PO, - 2H,0
Notes: 1. Ca as Ca-lactate; 2. P as NaH,PO, - 2H,0

1.3 HuamnARRAEEE EHR M KALR 150 cm, B 2K A2 100

R INRERAK=FRFERFOKT R em, RBKE R ERT RAK 700 m FHK (K
MHEENFE— B KR (M r=h=150 @25 C),KEHEKR(25 1) T;KIRHFE
cm) F AT, Bigh@aEBREMUKTEBAYIF  AHEESKL,24 hFENH,-N <0.4 mg/L, &5
7d, BREBAREFME BRA (D) B 3 W, & KPR, BKEN 173, B RER 3 K, i H
PRAIE] Y 8:30,13:30 #117:00, A{IMMUEE 2754 8:30,13:30,17:00, HIHE N 8% L4,
H 18 PR ZIGRIFE, MIAEHAE N 60 cm x60 cm x & 5 KIFELMIAE i SR M AN 24—k, AR IR i 18]
120 cm, FFE7L 20 BB, BEVL 0 6 4, HH3 4~ 200748 H3 5 -10 3 5,3k 60 d,
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1.4 HmaWwNERZ

RIS TF IR FEDLZEER 20 B4hA , BEATRIiA A
KRR B , R0 45 R S B R4 BT i
Bahail e XK EKAIRE, REFFHMLER
B, R AR 24 h GHERRRE, FREBELT A
AT B RE R AR R X E R R R
BN FRAE

P ER(% ) = (BREE - V)HEE)/
FIEEIRTE x100;

REAEKE(%/d) = (Lo B EREE -
Lo R WIIRIRER ) /88 K EL %100

R RS = BRI R BN

BIEER (% ) = KK B/ PR EE <100

KRB H G, &R B RIS A &5
5 B, RTFakIIRKKDE, Baasy i, %
®BARN ST B ER BN E; S5 B
B Faksb Rk, EREEE BN E
B, W, RA S BT L B SR LA T 5 5
MNEAFRFEMI 5 B, BT Akt Rk E
A I E Ak Bvbg, B e, AEET
KR, T4, KRG = MeH & i T8
e B R MERS R, KollERAEET

Bk R ER AN e HEAN S & RAR
FCHRE ( ZBERVEFN) T BB & & K5 2
OB HE(550 T)MB;5HI KNS
B 4 s AL SH R S B S & .
1.5 #Egit

KA Statistics AT KA HEAT B F O 25040
1 Duncan [RZERE, BE /KR P <0.05,

2 4R

2.1 ARPFENEHENEAHERNARF A
e A

B A& B RS BIR RS A 840 60 d
(FR3),MEAFEKMFABFAHEBEEZN
(P<0.05), fARIHRENBEL (D, f1 D,) XK
BARRENREE KB EMTFRMA(P <
0.05) ,MAB RBBE R FHMA(P <0.05),
LA 0. 6% BT (D, ~ Dy ), AF R TRIIA
FEEME5(0.0% ~1.5% ) X EAPFLHEHE
FARTE (33.40 ~34.61 g) JEEEK & (1.51% ~
1.57% ) AR RSB (1.15 ~ 1. 20) ¥ B2 B0
(P>0.05) , BMARBIRIARR A RAG T
WA, BIE R H 100% ,

£3  fARRmIE R = A e A KA AR R
Tab.3 Effect of dietary Ca and P contents on growth and feed utilization of Scortum bacoo

mean +SD, n =3

A% KARIEE(g) REERE(%/d) FRRE BIER(%)
group final weight special growth rate feed conversion rate survival rate

D, 30.23 +1.47° 1.36 0. 06° 1.55 0. 122 100

D, 29.37 +1.25° 1.30 +0.07° 1.51 +0.05% 100

D, 33.40 +0. 80 1.51 +£0.042 1.18 +0.09° 100

D, 34.61 £1.022 1.57 £0.05% 1.15 +0.07° 100

D; 34.38 +0.81% 1.56 +0.042 1.17 +0.08° 100

D 33.52 +1.13% 1.52 +0.05% 1.20 +0. 06° 100

E:RPAFIARFRFRZREE (P <0.05)

Notes; Means in the same row with different superscripts indicate significant difference (P <0.05)

2.2 HARPFERMEHNEAYSEHKNTRE
TR IS B 4 A SR LA B R R LR
4o TPRHPEEBYK R E A S 2K (62.53% ~
63.42% ) ML 1 (42. 84% ~ 44. 08% ) FI K 4>
(7.85% ~8.24% ) 5 BB HBEE W (P >
0.05) B HAR & &, B ed

D, D, 1D, B4 Jlg & & (48. 01% ,48. 40%
M48.53%) BEMTARBEMEBYA D
(51.61% ) & (P <0.05), HBhpEIEM
[}, AR B st 4 fa AR & & (48.01% ~
50.28% ) WA BEEN (P >0.05),
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Tab.4 Effect of dietary Ca and P contents on whole body compositions of Scortum bacoo
mean +SD, n =3
4% group D, D, D, D, D; Ds
743 moisture 62.55 £0.99 62.53 +1.32 63.36 +£0.95 63.42 +£0.65 62.69 £1.01 62.84 +0.90
MEY crude protein  43.43 +1.21 42.84 +1.14 43.83 +1.01 43.30 +0.89 43.09 £1.37 44.08 +£0.53
MBS crude lipid  51.62 +1.242 50.22 £0.32%  50.28 +1.29%  48.01 +0. 39" 48.40 +3.56° 48.53 +0.58°
R4y ash 8.16 +0.30 7.97 +0.05 8.22 +0.22 8.24 £0.41 8.00 +0.50 7.85+0.31

E-RPAFIARFRFRZREE (P <0.05)

Notes; Means in the same row with different superscripts indicate significant difference (P <0.05)

2.3 WEPRMISBEERGHU AR
Wi je &AL A G AaJLAKS HE
H BB MK & B Wk 50 R 3 ime5 8%
XHEABYLAEK (69.81% ~T71.58% ) HEH
(63.05% ~65.39% ) MK 43 (4.63% ~5.23% )
HREHBERW(P>0.05) , (BFEE SRR
BRI LR &/ RA T RES. FRES
B RAL A AR & & (P <0.05) . Dy

xS

D, AR LN AB T & & (34.15% 1 33.39% ) &
EFERTREMIEBA D, (36.14% ) F & (P <
0.05) . LB 0. 6% BEET 471 G5 45 X
WRENI & 8F BEEm, fE R img
B3, ULBIRB G & 2 B &K, 1. 5% 541 (D,)
LRI RBHG & & (33.39% ) BE LT 0. 0% $54 A
0.5% 454 (35. 00% 1 35. 2% ) 5 & (P <
0.05),

AL RN $5 B =R S A P A ALY R

Tab.5 Effect of dietary Ca and P contents on muscle compositions of Scortum bacoo

mean +SD, n =3

4% group D, D, D, D, Dy Ds
7K 43 moisture 69.81 +1.68 69.97 £1.19 70.96 +1.30 71.58 +£0.82 70.35 £0.99 70.49 +1.24
HME Y crude protein  63.55 £1.09 64.15£1.95 63.93 +1.32 65.39 £0.65 64.92 £3.25 63.05 £1.35
HIEM crude lipid  36.14+1.26°  35.17+0.43%  35.00+1.04®  35.02+0.98%  34.15+0.29"™ 33.39 +0.87
HM R4y ash 4.81 £0.32 4.63 +£0.22 4.85+0.10 4.84 +0.28 5.00 £0.10 5.23 +0.40

E-RPAFIARFRFRZREE (P <0.05)

Notes; Means in the same row with different superscripts indicate significant difference (P <0.05)

2.4 WEHRPFENEHAERFEETHROY
M FEEAFESBRKFER 60 d J5FEAHE
HER BRI 5B B RASBEILILER 6, K&
HAHEERRIK 5 & (49. 04% ~52.75% ) &
FREZS BRSSP EE R R K
HFERAGTREE(P>0.05) . REMBRA (D,
T D,) iR ta FHEE #5883 B B 58T D, D,

*x6

#H(P<0.05),5D, M D, 4 ZRABE(P>
0.05) . HBPEMBEE , 558 55 & X F HE&
EEEABERM,L 5% F5HSEE(13.64% )
BERKT1.0%454(14.44% ) & (P >0.05),
EXPEMEEBESE(7.72% ~8.00% ) BAH B&F
M (P>0.05), ZFAFHEEHBELHLT
1.78 ~1.82 JWEN , HEZF A B2 (P>0.05),

TR RS BN RS EHR H B R

Tab.6 Effect of dietary Ca and P content on vertebrae compositions of Scortum bacoo

mean +SD, n =3

4% group D, D, D, D, Dy Ds

HM R4y ash 49.04 £1.18 50.45 +1.39 52.82 +1.59 52.34 +1.61 52.52 +1.72 52.75 +1.02
45 Ca 13.31 £0.07° 13.62 £0.42°  13.84£0.54™  14.31+0.62%  14.44+0.07*°  13.64 +0.13%™
BP 7.40 £0.07° 7.46 £0.22° 7.72 £0.22%® 7.94 0. 37° 8.00 £0.112 7.74 £0.23%

4ERELL Ca/P 1.81 £0.02 1.82 £0.03 1.79 £0.03 1.80 £0.03 1.81 £0.02 1.78 £0.03

E-RPAFIARFRFRZREE (P <0.05)

Notes ; Means in the same row with different superscripts indicate significant difference (P <0.05)
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3 i1t

RIS 0.6% B B RT T £ A 674
KHEREAE AR AR (K 3) , R h R B R E
Fe R AR K R BURA R R B S . RSB
EHEARUR A RSB R B
2 W B #5 ( Dicentrarchus labrax L.) 2] gz
( Melanogrammus aeglefinus L. )™ gy %
( Oncorhynchus mykiss )[15] ~ BB % #5 ( Morone
chrysops X M. saxatilis) 6] 3F &5 X R AR ( Ictalurus
punctauts) "~ B ( Chrysophrys major) ™ | B
JE & ( Orechromis aureus ) (211 Z 80 85 ( Morone
saxatilis )™ F ¥ B fA [ Chanos
(Forsskél) ]! Baeverfjord 2" 3 W By 47 %t
BEA BRI EAERKZE IR K ETR T REZ B
ZIREESRBERZHMTER, ARTHEEN
IR AR B, B 77 FEK S b B B AR R
FARAR, B 250 AR B IR B 1 B AE K
HE AR EE, wE e a6
( Cyprinus carpio L. ) RPN N5 A BEAE BRI
AR, RE Tk, AR i = XEEH
JRELZ A R RRIR T IH #E , S B0 B R PR ; TR
BUE B R R B2, 25 T IR E R I AL,
BHRATHEZNERE, ATV AEANGKE
BN o B R RS Y A S S
FHE " RS ERTT  mBEK R . BHE
AR RS S B E R LA B BREE R A
TR & BRI . BRI R IR VB IR
53 #8810 F1 S 7§ B ( Salmon salar ) B
AR BIE AR RE, KEPIREN, R2H
£ 2] PSR FE K A o R A4S R 36 R AR BT R, R
BRI P, Yok iy A0 8, i
il K ThS i [ Oncorhynchus keta( Walbaum) | | B
B X RBENFNFLE B (Poecilia reticulate ) 1a P A
BRSNS, AR R, PR R R4S
X A G A BR AR BRI R OR8N,
U A 5 PR PR E R AR o RS 45 7T LA
B HSNBENTE R,

PPt B8 I 45 Bext A 85 42 AL B K
43 HLEBFRMER BELW , BREE T 2
WLPIRRHT & &, R BEA B 5 S8 ZH IR
e AR R H A, a0 A PR ULPY
et BRI R B 4

chanos

H AN ZFP A B B4R SY, S RE R AL
MEEB AR EBURED , BE 5k
B9V 2 A A R, ARDRHBE AR VT B 2 i R R
WA, BRI TR ERRBER
g B JFT UM S A i T M TR ) LR R B
BT, BHEAC B4 S B B I W B
B0 M TS AR & B E™ . Vielma 21
YRR TGRS B S PR e s A iy
BRFN Z. Bt CoA % A= Ee AL 7, BH 1F 7= 4= g Bk
CoA, SEfIR i VE o B B oA I FRFE AR, R4S
TSI T2 R UL BB & & , 45 7B
etV ARS VAR I 7 R 1L 4 R, L4675 o £ A B s 5
BRI OV FI ML R — 20T o

R B AS X S K4 SRS B
EMSBER R, M R BB, S v
SEXPEHER KA 5B & BIRE M, R
FIBEGE T BB LT , Bk 45 B T 0 R BRI M B
B AL RASBRIITI. SEDRHE I 0. 6% B
A, TR0 0.0% ,0. 5% Fl 1. 0% 45 X4 M B 1K 43
SERIBE S BRCE B, B Y AR B R
TSI , £ 0 K #7385 A Rl A ) o R K 55 B
B0 AR L L RS A B U, I S5 78
EH AT RERE FRTIRER -, 55
BE 1B 6 MRS B, P H oS B, BEA A
FAEBERIT IR , U R TS BETE R Y BRI, 2 30
HA B A DRI 5 24T ) 24 B TR0 7= A s
Ve, 58 BT B, M IRmE R TR, B & B B 0
MRS ™ . ARt R, 1. 5% 55408
BEESEBEM/RT 1. 0% B4, WA+
1. 5% S50 MBI K, SEAEBELHIR Y, Fra 45
BT ORI 4

BB A B B R BB AT R AE L
B EE SN, KRB MBS E G b
BRI BA RS SRS BT 5
BB SR AN —FUETE, B%S
I A B S M HEAT S A A E B IR R
EABHATE RS, B HSBE T— R3S E
15, B A BRI A, T H L R 45 B K
e, SRR A B A, B P A B S R
FMmEH™ . FRBER R AT AR
BERRANEE S (045  BEEE S B B R, A RS
AR TE . , B B TR W A 4RO 7 A B R T
B— T, R TR B B ST ik B
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SEFAETE B BTN ™ , 3 BURDEE R A A 5
ZREHE XK IR V5 e, AR AT 60 d
REIE AT S BN BRI, LU — 25
FUENEFERIEANRIHEHE
lzes] el e B T S8 B RETE R E 5%
Kot ) AR SRR K I A B K
BRFEEME XM, AW, EESIHEEER
RIMBHAR R B RS A AR RAE AT
B, 5 Hardy ' 750t 88 | i BFS 45 R — 3,
Roy & 57 R LA IR R B4 IS 30 G B &
RHEREBIRS EHB a8, RBR R ™ M
E I Nl NITBE e g R w140
Ko MBS B, RS URER Y, K
g U™ EH™, komea™, e
17, BAE 0 F 0 R AR B B B R
2=,
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Effects of dietary calcium and phosphorus on growth and
body composition of juvenile Scortum bacoo

SONG Li-ping”?, MAO Shu-quan®, WANG Ai-ying®, ZHU Yong-an®, HAN Bo’
(1. Life and Science College, Shandong Normal University, Ji'nan 250014, China;
2. Freshwater Fisheries Research Institute of Shandong Province, Ji'nan 250117, China;
3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: A study was conducted to investigate the effects of dietary calcium (Ca) and phosphorus (P) on
juvenile jade perch, Scortum bacoo, and to characterize P deficiency signs. Six isoenergetic and
isonitrogenous purified diets (D, ; 0.0% Ca, 0.0% P; D,: 0.5% Ca, 0.0% P; D,: 0.0% Ca, 0.6% P;
D,:0.5% Ca, 0.6% P; D;; 1.0% Ca, 0.61% P; D;;: 1.5% Ca, 0.6% P) were prepared using casein
and gelatin as the main protein sources, Ca-lactate and NaH,PO, - 2H,O as the Ca, P source ,
respectively. A design of six treatments with three replicates per treatment was used. Each group contained
20 juveniles placed randomly in net cages. Jade perch with an initial weight of 13.42 +0.68 g were fed to
satiation with one of the six diets for 60 days. At the end of the experiment, growth permance, whole body
and muscle composition, and mineral (Ca, and P) deposition in vertebrac were measured. Fish fed diets
without P supplement( D, and D,) showed reduced final weight, special growth rate and mineral ( Ca and
P) deposition in vertebrae, and an increase in feed conversion rate , whole body and muscle lipid content
than fish fed diets with P supplement (P <0.05). When P was not supplemented, 0. 5% Ca supplement
had no significant effect on final weight, special growth rate , feed conversion rate , whole body and
muscle composition, ash content and mineral (Ca, and P) deposition in vertebrac ( P >0.05). When diets
were supplemented with 0. 6% P, Ca supplement from 0. 0% to 1. 5% had no significant effect on final
weight, special growth rate , whole body composition, muscle composition ( moisture, crude protein and
ash) , vertebrae composition (ash, P and Ca-P ratio ) (P >0.05) . Excess Ca supplement (1.5% ) had a
negative effect on vertebrae Ca deposition (P <0.05). Fish fed diets with P supplement( D, — D, ) showed
an decrease in whole body and muscle lipid content, an increase in ash content and mineral (Ca, and P)
deposition in vertebrae (P <0.05) . Ca and P supplement had no significant effect on Ca-P ratio ranged
froml.78 to 1.82 in vertebrae (P >0.05). If growth performance and vertebraec mineralization are taken
into account, 0.5% Ca supplement might be optimum when diet was supplemented with 0.6% P.

Key words ; Scortum bacoo; growth; body composition; calcium; phosphorus





