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XF-E R A A AR T T P
SN AIF TS AR S -E R Al e R o Al IR e
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1.1 {ERHIME

TR OB LR 4R 0o R A VK fif 4
DAL RHL(RY-22S B S ZE AL, 73 M 1E & T
KA A PR A 7, P EYCIR) S mm fLACAT 3 mm
LR JE PIIR 2%, LA SRAL 55 5 R 1% B 0%
0.5% 1.0% F11.5% ( T2 )4 5T INEL B, LA
W — S P A BEIR X & 0% 0. 5% F1 1. 0% (T
)3 BRI INRREE , [R]BAS E  R A EA
A YA R TR, I A 27 4 25 0 45
VNS 9 5T A, SR PO A 12 S IR R
WK i 1 2 12, H 55 1 20 %0 BRZH (45
BESINEL YN 0% ) o HRHERHK IR B > 2 28
GARA W], 7R 58 7 A FEAL (B20-S AL,
AR AL, B EVLIR) R A, Bk
UFERLE T - 20 CA%R G VI, TR A
PLZE 3 mm FLARE H 254K, FER IR R 5 AR i A<
FIURLRIFAE - 20 CORAEFF . LA Rk 2
BRI AR 9, W B E 25 4 A AR A R
OS] SEHG TR R A K B E R B R AR L2
I,
1.2 H#EEE

BRI A1 & £ PR Y IR T R 2 B K R
FREE LG R B[R] — b A KR O R RS
M4l o BTS00 40 T 9k 2 JE DAE B 77
B A I [ R £ 5 G HR A PR 3 7R 9
fRE5 A )G, Pk 360 J2 40 4h 14 i ik (4. 98 =
0.26) g, PIIAIARK J(4.55 £0.25) em A,
BESL LS 12 A4, Ml 3 ANER , A SR AT
(35 cm x 45 cm x 35 cm, LA FOKATT) #ik 10
Jefh, SRR, LA OREE 24 h R, IRR
IR B DL AR 5 B KR E . S A B
ART 5 mg/L, KRN (29.0+£0.5) C,pH Ky
7.8 £0.3, %5 /K R v A5 A BV EE 4 I
(36.50 +0.48) mg/L Fl(1.42 +0.04) mg/L,
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FEh, J3A1 3 R IR B 2R A7 I R i 3 1 BBORE |
AEFRFRAT . H B TF R H R, 6L A 5% 58 /K 45 A
(R — YA MR ) JORE— U, A8 I v 515
T,

1.4 #®N7F%

K FH AOAC Fife 75 361 X (A A1 4 1 AL
BRI AT o Hr e KR 5E SR 105 °C LA
(DHG-9245A #1, il B H AU HIEA R A A, h
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K HPLGE Bk, i i IR TH AL Ja FHEILIG A 3)
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BNGER oI E R 550 C YRRk, TR )
FEMZHL (FL2Y BY B B ( 1) A
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B, BRI A IR A A, E i) thEy
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TR B 4 i v 505 0 BRI B it 0 )R FH e
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6 1] XU A RS BT X BRIl AR A2 T A B P P 5 R 835

36 B P D R DT TS 0, AR SRR 37 CHERMIE T 30 2, K% 10 mg €
AR AR N EE R 07, LS h Bl bn o il R A R T EG R S R A
EEWEE S M nUd R S UL B AT RSB AR L E N A R (B ) B
o ANEHMHE S RA0E NG ALER  BEE . fERZ 25 C,pH 7.4, 3K 340 nm,
1237 C T E A AR 1 pg BHEEMR. 1 21 em BT, 1 mb LE7E 1 min NPT
ARWT BTG S B E O 37 CHELT, B vedl  NERAR, i NADH %4k i NAD " i 51 & W 6~
SGUEAE R VR R R SR RO L 0 i #e [£0.001 J 1 ASRITTREAL,

1 pmol JIRH) o 1 ANFERIARTG 1 B0 SON BR2E 50

£1 RRENESREENERES (RE)

Tab.1 Ingredients and proximate compositions of experimental diets wet basis %

Sy E| TR Diet groups

ltems 1 2 3 4 5 6 7 8 9 10 11 12
{H#E Ingredients
F 84> Beef heart® 97.35 97.35 97.35 97.35 97.35 97.35 97.35 97.35 97.35 97.35 97.35 97.35
FAAE CaCl, 0.00 0.35 0.70 1.05 0.00 0.35 0.70 1.05 0.00 0.35 0.70 1.05
iR — A KH, PO, 0.00 0.00 0.00 0.00 0.55 0.55 0.55 0.55 1.10 1.10 1.10 1.10
R EF4EZE Microcrystalline cellulose 2.15 1.80 1.45 1.10 1.60 1.25 0.90 0.55 1.05 0.70 0.35 0.00
HAYEE R Vitamin premixh 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 O.10 O.10
AW Y5 Mineral premix® 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
B HEF R4 Proximate composition®
7K43 Moisture 76.83 76.32 75.89 76.50 76.30 75.87 76.17 75.04 75.83 75.95 76.02 76.06
FIgHF Crude fat 2.25 2.31 2.45 2.43 2.55 2.44 2.34 2.49 2.45 2.34 2.33 2.23
HEH Crude protein 17.23 17.08 17.62 17.10 17.22 17.79 17.41 17.69 17.57 17.61 17.77 17.52
JR43 Ash 1.40 1.60 1.89 2.09 1.84 2.04 2.28 2.57 2.74 2.75 2.70 2.82
5 Calcium 0.02 0.13 0.22 0.36 0.03 0.12 0.22 0.37 0.03 0.13 0.22 0.37
JEB Total phosphorus 0.21 0.22 0.21 0.22 0.33 0.34 0.33 0.34 0.42 0.43 0.43 0.43

TE: A0 BRIV P B A BRA T 5 A Al 2O A0 T iR 4B/ 3 A, 1100 1U; 4825 % D5 ,320 1U 462 % C, 18 mg; 4k
HFEE2.5 mg fiEE B, 1 mg fiAE R B, 2 me HiE R B, 1 mg; 4EE R By, ,0. 125 mg; AR, 7. 8 mg; 443 ,0. 008 mg; A, 1 mg; 4,
11 mg; 4,45 mg; BEMR,0. 4 mg; MR ,0. 4 mg; “EET W BNFLTEHLME (mg) B, 160 85,605,100 8,28 ;41 ,0. 83 F,12;
G850, 12544 ,0. 045 6,0. 045 9y SEBRAG I -1

Notes; * Beef heat was purchased from Heilongjiang Grand Farm Meats Co. Lid. , Suihua City, Heilongjiang Province, China. " Vitamin premix
( kg~" diet) ; vitamin A, 1100 TU; vitamin Dy, 320 TU; vitamin C, 18 mg; vitamin E, 2.5 mg; vitamin B,, 1 mg; vitamin B,, 2 mg; vitamin
B¢ 1 mg; vitamin B, , 0. 125 mg; niacin, 7.8 mg; biotin, 0.008 mg; enzyme, 1 mg; potassium, 11 mg; salt, 45 mg; methionine, 0.4 mg;
folacin, 0.4 mg. ¢ Mineral premix ( mg/kg diet); phosphorus, 160; calcium, 60; magnesium, 100; iron, 28; copper, 0. 8; zinc, 12;
manganese, 8; iodine, 0.12; cobalt, 0.04; selenium, 0.04. ‘Mean values of actual detected data

TR — AR AT T YSI (E #5022 T he Ser. (%) =100 x (InL, - InL;)/D (5)
K5 %8 Y ( ProPlus Multi-parameter WQ Meter, Dy (%) =100 x (W, xC,, =W, xC,)/
USA) XJ 7K & 20MT pH EATI0E (F,xC,) (6)
1.5 HiETERSH N, FORERECR N, RV B W, %

FEWE 2 (survival rate, Sy ) 3 5 % (weight  RAKRIKE (g); W, FRVIHIETE () W, FR
gain rate, W, ) . THH} 22 4 (feed conversion ratio, TR (g)  F, BoanEHEHEA R () ;D £#RFE
Fep) AR H R E A2 4K # (specific growth rate of — FEREG L, FRERMK (em) 5 L, FoRPIIa AR K
weight, Scry ) IR KR E A2 1K # (specific growth  (em) ;D3RR A IUTFRR; €, 7R R B A
rate of length , Sory ) BL UL deposition rate, 14 A 927 s C R A 6 KDY A F9 65 2 C,

D) AR - FORPRL A B A S5 ML I SR R 1 5
Sp(% ) =100 x N,/ N, () Ko
Wen (%) =100 x (W = W) /W, (2) SIS B Excel 2013 BRPFIEA T 57 A0
Fow=F,/ (W, =W, +W,) (3)  4bH R A IBM SPSS statistics 19. 0 474 A

Scrw (%) =100 x (InW, - InW;)/D (4)  FHEHP(Two-way ANOVA) , I Turkey K30
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2.1 EHPARSHKENEEMILENEE
KIFFERIR

HIZ% 2 A] A0, TERL p A 2KCF X A 15 2R B AT 5
Wi, %5 Tl RS 00 6 A7 35 R BEA L HAFE (P >
0.05) , {EA7 i < Bl 45 WA 25 12 9 T o T A 2% 1%
(P <0.05) 45 WX o AR A ORI I
FXTA . BRI 0.5% 5 1. 0% It , 4 i
PR R S A 1 A B A AR H 05 7K ST 1) B2 v T

x2

WETEECP <0.05) ; JRFH AR NS i, 5%
HEZEUAH EL, 85 A 5 T R B 35 4 i MR R AR A K
R R B 5 A 5T R AR KRR A
RSP EE

H12¢ 3 W1, SRR M AV K R e A
KRG AL A KT B A 56 (P < 0.05) , S5
I AR DCPE(P >0.05) o 85 Rk Y 5k
DI A/ A 1 A AL DA B R A2/ (4 K 1) EE A
PIIA 3 R ) T N R R AR A i
K/Rm e EA B ERL EA/ERM (P <0.05),
oy i PR R i A K S B A TR TP S KO 1 T
i FRE , SSEIEN 1. 5% PR e 4 K%

(AR TR 5 W TR Aok T3 - 3L & ( Symphysodon haraldi) 4 £ 2 < T4 BO B

Tab.2 Effect of dietary calcium and phosphorus supplementation on growth performance and

survival rate of juvenile discus fish ( Symphysodon haraldi)

W (TE) (UL LN TR KK B R WERFEAERE oy
Supplementation( DM ) /g /% /g /% /(% /day) l‘u?giﬁ(
W/ % P HE/% Ca IBW SR FBW WGR SGRW
0.0 0.0 4.95+0.22 96.67+5.77 10.33 +0.45*  108.83 +9.00" 1.31 £0.06* 4.37 £0.37"
0.5 5.01 20.44 100.00+0.00 10.66 +0.54  112.57 £10.79 1.36 +0. 10 4.06 +0.41
1.0 4.96+0.31 100.00+0.00 11.21 £0.25"  126.09 +5.07" 1.45 £0.04" 3.62 +0.15%
1.5 4.98 £0.22 100.00£0.00  10.92 £0.51®  119.20 +10.28%  1.40 +0.09° 3.83 +0.36"
0.5 0.0 5.00£0.12 100.00£0.00 11.77 £0.52% 135.62 +10.44%  1.54 +0.08™ 3.46 £0.28*
0.5 4.99+0.27 96.67+5.77 10.64 £0.74* 113.23 +14.76"  1.36 +0.11" 3.89 +0.34
1.0 4.98+0.38 93.33+5.77  9.95+0.65"" 99.87 +13.06™" 1.24 £0.12*" 5,09 £0.728
1.5 5.00£0.32  93.33x11.55  8.46£0.70**  69.31 +13.92**  0.94 0. 16 5.25 +1.24*8
1.0 0.0 4.98+0.47 96.67+5.77 12.74£0.26% 155.99 £5.24%  1.68 £0.03™ 3.36 +0.36M
0.5 5.00+0.23  93.33+5.77  11.09 £0.51" 121.87 £10.16™  1.43 £0.08™ 3.89 +0.28°
1.0 4.96+0.26 93.33+5.77 10.02+0.29"  102.08 £5.76""  1.25 £0.06" 4.46 +0.234%
1.5 4.98+0.32 80.00+£20.00 7.98+1.15%  60.20+23.11%  0.84 +0.26™* 7.31 £1.82%
FUEF 75 2253871 (P &) Two-way ANOVA (P value)
£E (Ca) - 0.311 P <0.001 P <0.001 P <0.001 P <0.001
W (P) - 0.048 0.082 0.063 0.072 0.044
FE x i (Ca x P) - 0.430 P <0.001 P <0.001 P <0.001 P <0.001

T P EE I+ AREZE IR . B AR NG E R R R — B IR N R RAS A Nl B B 25 R R KRS 28k
TR FE =S R RIS I R A B2 R (n = 3, P<0.05) ,3&3-6 [A]

Notes: Data were presented as mean + SD (n =3). Different lowercase letters in same phosphorus supplied column represent significant

differences between diets containing different calcium levels and different uppercase letters in same calcium supplied column represent significant
difference between diets containing different phosphorus levels (P <0.05) , the same in fig. 3-6

BEMTARBEMBAH . SIER BN E N
0.5% 5% 1. 0% i}, 444 FAR = Bl PH R Hh 45 7K SF- 1)
BT RRAR, BRI 1. 0% WRUR 8o B3
(P<0.05) . {HEHRGS IS, 2h iR/ PR
1) LU I 2 Tl 7K T 1 P o T I % 5 VS
N 1. 0% B, MR/ A 5 11 B AL Bl 2 95 7K ST (14 384 i
BT RGNS (P <0.05) . 25 BRI
AR 0.0% F1 1. 0% B4, K/ K i B 5%
EIE(1.27) , Hbbi B o R IR K Fe e A K
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#(0.47% /day)
2.2 (HRSSEYKEXN LR BLIE L& KA
A1)

Hi¢ 4 A, A f oK g3 CHLEE 1 HLAR 7 AR
o3 w2 BRSSP <
0.05) , BRaxHofLi T & i A0, BERHS (X H
fh=%AA BENLHEM ., 2Ky & Rl
Fil ok 77.46% ~80.36% . [)X} HEZHAH LA, TR}
HHE B8 Y TS 0 24 S S TG 4 fRORE N DT A
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I, A DR KT X -E R A 8 A AR RSB T A T A A 5 1) 837

(P <0.05), etaRUIR; & fkEE 25 R a N2 2
SEREARR [l TH i S . TRL RS BRI AR I fE
e i, HBEE IR N 0. 5% I, 45
TR AN INEE R R e UK S R BRI R
HE (P <0.05) , fEREAS IR 0. 5% i 5% 1F
L ESRES IR 0% F1 1. 5% i, xRl H A
oy B B fom fE (150 25%) A0 R fE
(12.60% )

St I 5 AR R Bl R R B K SF- /Y T
1R T A 5 AR, B 5 S I K P 18 T o 22 SE AR
JRETHEE (R S) o R AN BRI, 42
FELAR BT 10 B R B A 55 7K1 19 52 2 e 6 5
% SRR R AR I 0. 5% 2 1. 0% I, 4
FRLER FHDCRR SR B 7K 1 A 38 0 T el 25 AP (3%
5)  AGSINES A 4 AL E TR B35 R TR
IR 1.5 % B R S as 2L, (0 S5 35 0. 5%
MRS A IR IO 4 22 5 (P >0.05) o AR
TR, 4 A8 B (U AR AR BEARURL P 85 2K SF- 1 38
JeTh e AR 2 A B S I, 5 A 3 i S 2

WA A R A3 TURR AR (R 5) 85 BRI I 730
1.5% F1 1. 0% W21 2A fe/NAIE
2.3 (EREERIK T X £ Rl 4h & L B FD
KB E 1 MR

1% 6 RIH, 73 2 1 il 0 g Bl PR o A U
I A T T TR (P <0.05) o TR 45
IR X i 1 1 s IS 0 A S 2 R ) g D7 T
3 Bt PR AR H B A S 8 14 i A (P < 0. 05) , Bifi
PERF B 7K O 1 38 I S B AR [l oo PR
TRV P B0 % 0n %o Ji T 8 3 IO ) WA S Y
M), 55 X UE A IS ) B 2 1 A8 BRI
PRSI 1. 0% W B, U b B 7 Bl & 25 7K1
Tt S TR (P <0.05) o JHINEAr 505 22
15 71 32 LR S 7K R 52 e 5, L3 g il e
H R I R I SE AR T L S SRR, TR
B 7K T X6 I R DS A A Bl 1 28 HAE B
2 R PRSI 0% B 85 (0 VR 0 i 25 141K
JHF R P H 258 P e Uit 036 0 5 PR v B 1) O o i Ry
0% I, i AR AR N, 48 25 AR A TR e S o

R3 ERHPARESBERINAKT X LR & ( Symphysodon haraldi) 4) & . 355 S 4 7500

Tab.3 Effect of dietary calcium and phosphorus supplementation on morphometric parameters

of juvenile discus fish ( Symphysodon haraldi)

R YIS S XIS ZE RN % .

olomenatin(Dy) AR SRR IR WEIEESE womn miik

/% P ¥E/% Ca IBL BL BH SGRL BL/BH ED/BL
0.0 0.0 4.49 £0.18 5.54+0.38 3.93 +0.09" 0.36 +0.10 1.41 £0.01®  0.10 £0.01
0.5 4.42£0.40 5.25+0.18 3.90 +0.06" 0.26 +0.11 1.35+0.03 0.11 +0.01
1.0 4.67+0.18 5.74+0.16 4.21 +0.04" 0.42 £0.09 1.36 +0.03 0.10 +0.00
1.5 4.77£0.27 5.45+0.23 4.15+0.07" 0.33 £0.08 1.31+£0.05 0.10 +0.00
0.5 0.0 4.41 £0.21 5.65+0.16 4.18 +0.15* 0.40 +0.06 1.35+0.03*®  0.10+0.01
0.5 4.54+0.20 5.54+0.24 4.14+0.14" 0.36 +0.03 1.34 +0.01 0.10 £0.01
1.0 4.49+0.15 5.34+0.28 3.94+0.23 0.29 +0.07 1.36 +0.03 0.10 +0.01
1.5 4.45+0.39 5.15+0.27 3.74+0.28 0.23 +0.13 1.38+£0.10 0.10 +£0.01
1.0 0.0 4.67+0.16 5.89 +0.21" 4.63 +0.08% 0.47 +0.11 1.27 £0.03  0.10 +0.01
0.5 4.79 £0.28 5.59 +0.12" 4.19 +0.05" 0.38 +0.08 1.34+£0.01®*  0.10+0.00
1.0 4.37£0.21 5.56+0.21*" 4.01 +0.01" 0.36 £0.10 1.39+0.01>  0.11+0.01
1.5 4.51£0.17 5.05+0.26* 3.68 +0.22° 0.19 £0.11 1.37 £0.04®  0.11 £0.00

KUK FJ5 225387 (P AE) Two-way ANOVA (P value)

& (Ca) - 0.002 P <0.001 0.013 0.549 0.497

W (P) - 0.544 0.110 0.709 0.682 0.764

£E T (Ca x P) - 0.049 P <0.001 0.171 0.036 0.054
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x4 HEHB AR ESSBER KX £ F & ( Symphysodon haraldi) %) & {48 B B9 25010
Tab.4 Effect of dietary calcium and phosphorus supplementation on proximate composition

of whole fish of juvenile discus fish ( Symphysodon haraldi)

WM (TH) K4y HLRE 7 HEH K4y
Supplementation( DM ) /% /% /% /%
W/ % P $E/% Ca Moisture Crude fat Crude protein Ash
0.0 0.0 79.15 +0.56" 3.07 £0.28 13.56 £0.27% 2.98 0. 194
0.5 78.13 £0.56* 2.79 +0.42 14.70 +0.34% 3.49 +0.05"
1.0 79.17 0. 66" 2.46 +0.22 13.60 +0.63* 3.63 £0.18%
1.5 78.56 +0.08 3.22 +0.74 13.81 +0.415 3.28 0. 16
0.5 0.0 77.46 +0.06* 2.88 £0.33 15.25 0. 17" 3.32 £0.334"
0.5 78.23 +0.35% 2.88 +0.49 14.07 0. 4948 3.74 +0.23
1.0 79.95 +0. 3348 2.34+0.43 13.64 +0.57" 3.29 £0.03%
1.5 79.59 +0.33¢ 2.89+0.18 12.60 £0. 01" 3.80 £0.21"°
1.0 0.0 79.55 +0. 17" 2.24 £0.22 13.32 +0.40" 3.82+0.22°8
0.5 79.29 +0.078 2.11+0.16 13.55 £0.39* 3.92 £0.22
1.0 80.36 +0.29" 1.52+0.07 13.06 £0.40 4.17 £0.25"
1.5 79.63 +0.77 1.92+0.29 13.88 +0.42° 3.76 £0. 14"
KR T 5 2245385 (P {H) Two-way ANOVA (P value)
& (Ca) P <0.001 0.005 0.006 0.004
W (P) P <0.001 P <0.001 0.025 P <0.001
£E T (CaxP) P < 0.001 0.835 0.005 0.005

#5 (ERPIRESBER KT E (Symphysodon haraldi)
HEHERNAE HEQRRERRKSIMRENH I
Tab.5 Effect of dietary calcium and phosphorus supplementation on crude fat, crude protein and ash

deposition rate (DR) of whole fish of juvenile discus fish ( Symphysodon haraldi)

W (T8) FHLAR I TR HERTIRE YRR AL
Supplementation( DM ) /% /% /%
/% P £E/% Ca DR of crude fat DR of crude protein DR of ash
0.0 0.0 33.96 +7.16 18.47 =1.86° 35.25 +£9.01
0.5 29.95 +10.51 22.84 +1.19" 48.67 +6.45
1.0 24.62 +3.49 21.49 +2.33% 50.28 +5.58°¢
1.5 38.86 +17.54 21.56 +0. 88" 35.05 +5.93"
0.5 0.0 33.13 +4.34 23.48 +2.89" 46.06 =10.82"
0.5 31.04 +8.51 21.16 +2.49" 46.15 +10.1°
1.0 15.83 +6.89 15.85 +3.59% 23.69 +4. 69"
1.5 24.13 +8.58 12.65 +3.27% 28.21 +3.237Bb
1.0 0.0 23.23 +6.51 22.46 +1.67" 41.24 £4.93"
0.5 17.06 +4.71 19.88 +2.14° 39.98 +2. 720
1.0 2.44 £0.42 15.95 +1.34% 37.13 £5.35%
1.5 2.86 £8.54 11.93 +4. 07 18.22 +7.33%
WUR T 5 25345 (P {B) Two-way ANOVA (P value)
£E (Ca) 0.004 P <0.001 P <0.001
W (P) P <0.001 0.005 0.018
FE % (Ca x P) 0.219 P <0.001 0.002
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Tab. 6 Effect of dietary calcium and phosphorus supplementation on specific activities of digestion enzyme in the

intestine, and GOT and GPT specific activities in the hepatopancreas of juvenile discus fish ( Symphysodon haraldi)

A (+3)

%38 Intestinal tract

i Hepatopancreas

Supplementation(DM) EEL e M GREEN BTN
I ey
0.0 0.0 14.48 +1.80 86.76 +3.76 3.97 £1.42 46.05 £9.83 29.47 +5.47%
0.5 14.53 +£2.39 89.99 +12.2 95.82+1.12 27.58 +7.87 18.34 +5.60%
1.0 15.43 £2.09 68.96 +5.85 5.62+1.74 33.54 £9.63 14.53 £2.79°
1.5 14.26 +4.30 59.70 £2.33 6.37 £1.91° 20.86 +3.01 14. 44 +3.44°
0.5 0.0 16.09 +2. 66 51.73 +17.73 5.82 +1.46 41.31 +4.92 14.24 +1.214
0.5 17.10 £4.03 47.55 £10.93 6.09 +2.21 29.88 +2.73 14.94 +3.07
1.0 12.92 +1.41 42.60 +18.01 3.50 £1.15 32.92 £8.45 15.04 +1.42
1.5 8.21 2. 10 40.98 +12.22 4.41 1,878 30.85 +4.64 12.58 +3.87
1.0 0.0 18.56 £5.01 58.73 £22.9 6.03 +1.82% 27.49 +5.44 16.93 +5.08*
0.5 15.11 £4.07 49.23 +3.96 6.61 £2.31" 27.61 +5.50 12.62 0. 81
1.0 13.05 +2.01 47.77 £12.95 3.53 £0.96" 33.45£5.79 14.28 +3. 14
1.5 7.05 £2.25 49.41 0.85 2.06 +0.88" 22.77 +2.78 10.05 +3.79
KN T T 22501 (P {H) Two-way ANOVA (P value)

fE (Ca) 0.001 0.039 0.056 0.001 0.001

i (P) 0.565 P <0.001 0.426 0.085 0.001

FE x B (Ca x P) 0.071 0.501 0.048 0.088 0.023

3 e
3.1 ERESHEERElaEERNEFETENS
i)

BHWEFEFe K= sl PR 5 1 75 oK 5 E X =
B ) BT R 5 R a2, S R A B AN A
S| RAG B Z AE T S ECE KYERE T 18
AT, AU B ARG 0T, X R 2 1 0 K
AR W] B SR B A IR . B R
TR G, &) 1R 8RR AR K RIS A L (H
5XF B 41 M e IF B B #F 2 5. OGINO #
TAKEDA' 88 4% 38 , 7% 58 /K 44 b 435 £ 5 124 20
mg/L [}, 8 #1 ( Cyprinus carpio ) THR}rh Jg s & b
IS INES it RE W6 I IR AR . FE AR SR SR AE K AR
HEG )& i 36. 5 mg/L, LGB A SR 5 K S
B e, MR T FL & A ( Poecilia reticulata) (18]
IS (40 mg/L) o A HRIAFK, FELeFh IS /Y fa fig
0 Ao 0 P R SO T R A s DA 5 7K R HR R T
fITAE KA B 3 1 65% ~ 80% 1 4810,
SCHWARZ"™" iy [FFEIA A £ 25 B MK R85 3k B
FUAE A, PR C T AR R B G2 > R AT A R
MRS, PR, AS B SE AR -L R A I £ %)
0 ] E 32 B o ORI A R I A B AR R
oK AN &l R . R RS s

R KRN R S DA o s SR ey = I [ L R TR
I AR E R AR RN SR TR, X2 R TR
HH G KT R HE AINRER AT 1 PR T 238 Rk R Hi
) A e AR K A RE B R SR ME LA B0 2, AT
R AR KR T Y PR A B B
A 5 A A 25 25 A HE DA ORI
(T TR 65, DT A I 2B 0 6T Wl 1 WA s R0 A T
Rl B SRR T R KRR R
— AR o EARE Y, A R P AN
AN, A8 A7 BT B 3 o B 4 A i
( Oncorhynchus mykiss ) A0 4T 885 45 2 (0T 25 Rt
61 N N> PV LS B VTR I e
AT B S DR R KR S 3R G, PR A T R
REARAR FT BB W Y S VS I I 8., R 5K P
X FEIG B e B35 52 ), (HAS 9l =22 (8] 4 A1
AR SRR T SR A ) A K PR AR X T g
DPHEARAETE R
3.2 (HMESEEKENEREMBLIE S EEERR
=210

ST 56 TSR S0 4 R I 4 0 RILRL o
HAREZA R Bl g % i 2 il 1 4
f#ORLIE 07 0 U R, A RS B A R il
(Ictalurus punctatus) "¢ FUT 68> - 9 BF AL
YE 2 2 B ( Epinephelus coioides ) 4/ [ B
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AL A B, AN TS I 1 25 4t R LA B D 5 o
BILL T IMBE i 2 8 . 3 AME R B, AT INES i
ZH 0 H0 1 R LS IS 0 A . AR TR T Y
RV F 52 Oy B Bk = 23— R 5 ]
A 32 BHL, 1T AS A2 a7 B b £ 2 5 09 3 5|k
>, ROY M1 LALLPY X} M £ % fn
( Melanogrammus aeglefinus Linnaeus ) [ 5% H $2
th, TEHLBE Y B2 AT RSN T3 R DR S e T
A 55 R RRAHEG A R AL A, AT RS 1 i
IR BRI BT RIS . A, B Bk = 2t
R ) AR BRI B 1) i U R e Ak i) 2ok A
B8 A PR I AR R R B P R
3P AIX SE g A T FR R 1 1L B, BB ok AR
PR T T A , AT B AT 42 e i 107 3 . OIS
INBEATE U T, 4> HORL AR 1 B Bl TR Hh A 2K
T S S 5 U Fe , T 25 PR o B S 0 R 4K
R(0.5% ) W}, 4> e oRL 85 & B B 45 5 5 iy 1
I 2 R B a0 bSO IR TR B AR
TEOUT PG K Y 42 1 23 0 35 AR R S
TR A1) 58, 7T 98 7K - 5 v P, 5 1) 67 T 40 o A
FHAT RN , X R 2R B0 83557200
W, WA N & 1. 0% I, B 5 TH R A5 7K T 1 T
L, AR AR B AR,
3.3 (ERSEEEXT £ R AL B AT EE R
LA

S ME S IR HLREAHIE I, B 1R 1A ] 25
EHL T ARG 04 73 W , TR B PR SR o B
AN ) 2 5 | 0 O T 22 Y
TEARWFFE Y, R P £ i 18 2 1 it 0 g 7 T )
I 1 24 i P e 5 K SF- 1 T e T R (P <
0.05). SEARHE" M5 h KM, 2 x 107
mol/L [ 55 B T % 45 1% ( Sinonovacula constricta )
HEBEEA BRI HAE ], SASLI A5 RN
AL T4 S 458 ( Haliotis discus hannai Tno) "
=YW T2 ( Portunus trituberculatus ) > | ([
FER,5 x 10 7% mol/L (/86 51X 2 (IR B
WAGAE o AR BIEFE S5 R 22 5 5 S 3 X R 1
PR FRERRILR, 2R E T2 H
AT B 7R A A ), TR IR ST, B 1Y
IR WA, CARIES, &BE T
RELAAS ] (478 2 5 il S G PEAR ™ 40, LA IS
Yy FE AR I SR RN T, BT R 2 46 B T 1 o0 1Y
Wit IR, T RBAS 5 23 1 v B WK 5
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B I IKIESE h B AT P BT
2 FIIH AL G Y & AR S B A T 10 I 1 kT B A
A 58 3 WM. 5 R Ww ¥ Ak ( Tilapia
mossambica Peters) "> Fll 545 47 Bt f4. ( Epinephelus
malabaricus ) ) [ HF 5T 32 5% , ERL R 8 2B 1y i
IR LS 2% i A TR itE— 2B 0P
3.4 lay&axtiEHNEES

FETE R I H R AR AR KR A BN AE IR
PTG BE T AR B SR AR L AR
B2 AR PEk e R 0 TS N 0 ) Dl 0%
1. 0% i, -ER Al &)yt 24 (KRB, et
REAR A d5c KM 0 A 8, LA TR 85, (B
545 BRI 51k 0. 0% F10. 5% HYLAH H %
AHEEF(P>0.05), DUERKEIHALEEFIE
DIVERIR A , LR AL 4 DR A
IINEATR 0% F10.5% . LR AL fa AMNE il
R AERWLE TS, KB % &, K3
FOZE SR A R0, 55 AR A 7 04 29931 o 0% FT 1. 0%
MR/ A B2 T 1, BSAR R AS S [, H
WG B 5 R B R R A 38, PR, o DA
KA R PP Ak AR , 50 R 14 4R o DU 7 3 3]
% 0% F11.0% .

ANTRI Tl 28 11 #8100 45 | W 1Y) o SR A AR R 22
S, PRI, FREENS G0 i 288 0 52 W) HOR 85 9t i oK
HYFEA SRR, HK, [ —Fh e A 64
KB Y100 R 17 K A BT 25 5, JUH:
Ab T4y i [ BOFZEE B i #0085 B TR A
FERRITT R o T3 ah, 70 F5 58 3 A v 10 it IR
SRR FE b 5% e HEXH 85 B o0 2R 9 W I RE
FRGE Y AL T IR AR I, XS BT R
R BRI B A BT . T
22 RE HLH A AT F WS B K A v i e 1 5
-, PROHCHOOH DA} o 45 1) 75 3R B 23 32 SR B R B v
5 W B R H A A A A G KR A pHL S (1Y
FERR Y MK A S AR, fa 2t
TR 7 SR 3 B MIDRL R AR AR i Ak R
Giity 22 50 R R4S BT R TR IE R A
JER I R TR R R

25 F R BB B K 038 2 S N AR B
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A e P S Y A Sk A o g R A
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4yt HE TR IR K B 5 v AR IR 4G, N T RE (A
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Effects of dietary phosphorus and calcium levels on growth, body
composition and digestive enzyme activities of juvenile discus fish
( Symphysodon haraldi)

LIU Ying"*?, LIU Yi’ nan"*?, LIU Hanpeng'*’, WEN Bin'*?, WANG Nan'’”, CEHN Zaizhong' >,
GAO Jianzhong'*”

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China; 2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai

Ocean Unversity, Shanghai 201306, China; 3. Shanghai Collaborative Innovation for Aquatic Animal Genetic and Breeding,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Twelve different diets with four calcium supply levels and three phosphorus supply levels were
prepared for an 8-week feeding trial, which was conducted to investigate the effects of dietary calcium and
phosphorus levels on growth, body composition and digestive enzyme activities of juvenile discus fish. The
result at the end of the experimental showed that; the survival rate significantly reduced with the rise of dietary
phosphorus supply. As 0.5% or 1.0% phosphorus supplied, the specific growth rate of weight ( SGRW)
sharply declined with the rise of dietary calcium level. Without calcium supplementation, the SGRW showed
an obvious increase with phosphorus addition, but no significant difference was found between the two groups
fed diets with 1.0% and 0.5% phosphorus supply. The specific growth rate of length (SGRL) significantly
declined with the rise of dietary calcium supply. Fish fed diet with 1. 0% phosphorus and without calcium
supplementation showed the highest SGRL value and lowest length/height ratio. Dietary calcium or
phosphorus supply showed significant effect on moisture, crude protein, crude fat and ash content of whole
fish. Both protease and lipase specific activities of intestinal tract significantly reduced with the rise of dietary
calcium supplementation. Individual phosphorus or calcium supply did not affect the specific activity of
amylase while an obvious interaction was found between calcium and phosphorus. In presence of 1. 0%
phosphorus supplied in diets, amylase activity increased first with rising Ca level, followed by a reduction.
Dietary calcium and phosphorus levels also showed an interaction on glutamic-pyruvic transaminase ( GPT)
activity, and individual calcium supplement showed a significant reduction on GPT activity without phosphorus
supply. In summary, 0. 5% phosphorus added without calcium was optimal for the growth of juvenile S.
haraldi.

Key words; Symphysodon haraldi; calcium; phosphorus; growth; body composition; digestive enzyme

activity
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