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s P22L14E12. 56 , 411X 3 PHE . 1 mpRHEC {4
L ARSI a3 R B SR Rl Tk
1.1 RKEigit 5 Ee W =11) JAT N & i, o VEM UK Ak Bz R
R 2 MERAKT(22% ,28% ) ,2 MR IHIERE S JFLIMIRAF R Z (R 1) . &
TKI-(10.0% ,14.0% ) .2 MEALREKTE(12.56 KI/ A5kl A REAE(17.75 ~19. 13 kI/g) , 7F 100% fil K}
g,14. 23 kI/g), 3t 8 41, 43 | iy P28LIOE14. 23, FAli b 53 ANAS N 0. 5% 1) Cr, O, 1E MbRieH . 41
P28L14El4. 23, P22L10E14. 23, P22L14El4. 23,  faRBHIRA YIS, FE/KREAD, FHR AL 5wt
P28L10E12. 56, P28L14E12. 56, P22L10E12. 56 f1 7,25 CRFEET 4 CukEimeEmR & .

F1 REAMETREFER

Tab.1 Formulation and nutrition levels of the diets for channel catfish

JEURE P28L10 P28L14 P22L10 P22L14 P28L10 P28L14 P22L10 P22L14
ingredients El14.23 El4.23 El14.23 El4.23 El12.56 El12.56 El12.56 El12.56

K1/ % soybean meal 40.09 45.22 18.48 20.77 52.69 19.07 29.85 36.70
143/ % fish meal 8.00 8.00 8.00 8.00 8. 00 32.00 8.00 8. 00
a-JEH/ % o-starch 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
%k /% wheat bran 14.72 0.53 36.24 29.91 0. 00 0. 00 4.79 0. 00
KK/ % wheat middlings 20.00 20.00 20. 00 20.00 1.34 0.68 20.00 6.89
L ET 4 2%/ % microcrystalline cellulose 0.00 5.00 0.00 0.00 20.00 28.00 20.00 26. 50
VBATH/ % mixed oils' 6.00 10.05 6.09 10.12 6.77 9.05 6.16 10.71
lR — %45/ % dicalcium phosphate 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80
gk % premix® 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
B/ % dairy salt 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Bt/ % total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00

EFE % proximate analyses

HAE /% crude protein 28.03 27.69 22.57 21.36 27.94 28.10 21.60 21.56
HNEHT/ % crude lipid 10.08 14. 00 10.09 14.40 10. 60 14.40 10.30 14. 00
TRIZ Y/ % N-free extract 36.75 28.36 45.91 37.92 24.35 16.39 34.76 26.97
MLEF4E/ % crude fiber 7.33 12.62 6.29 7.49 17.88 18.48 15.02 19.91
HLIKSy/ % crude ash 9.67 9.10 7.24 9.85 10. 62 12.24 10.31 8. 64
FHFi/ % dry matter 91.86 91.77 92.10 91.02 91.39 89.61 91.99 91.08
BLAE/ (KI/g diet) gross energy 18.17 19.13 18.29 18.88 18. 04 18.33 17.75 18.67
HALAEE/ (k)/g diet) digestible energy 14. 06 14.23 14.11 14.27 12.64 12.93 12.52 12.77

TE LAY 101 RSN 5 2. ARG HE B IR BROKAL A I RE R (23.6,39. 5,17, 2 KI/g) T B RE s IR HR AR SR IR W Bk A
AYIRE R (21.2,33.6,12.9 kI/g) iHEWILAS; 3. & T s HURBHZFE : CuSO, - 5H,0 2.0 g,FeSO, - 7H,0 25 g,ZnSO, + 7H,0 22 g,
MnSO, - 4H,0 7 g,Na,SeO, 0.04 g,KI0.026 g,CoCl, - 6H,00.1 g, VA 900 000 IU, VD 200 000 IU, VE 4 500 mg, VK, 220 mg, VB, 320
mg, VB, 1 090 mg,VB; 2 000 mg, VB, 500 mg,VB,, 1.6 mg,VC 10 000 mg, JHFK 40 000 mg,iZ KR 1 000 mg, [z 165 mg.

Notes:1.1:1 mixture of fish oil and soybean oil; 2. Dietary gross energy ( GE) levels were calculated using extra organ fuel values of 23.6,17.2
and 39.5 kJ/g for carbohydrate, protein and lipid, respectively; Dietary digestible energy ( DE) levels were calculated using extra organ fuel
values of 21.2,12.9 and 33. 6 kJ/g for carbohydrate , protein and lipid, respectively ; 3. Premix provided per kg:CuSO, - 5H,0 2.0 g,FeSO, -
7H,0 25 g,ZnSO, - 7TH,0 22 g ,MnSO, - 4H,0 7 g,Na,SeO, 0.04 g,KI0.026 g,CoCl, - 6H,00.1 g, VA 900 000 IU, VD 200 000 IU,VE
4 500 mg, VK, 220 mg, VB, 320 mg, VB, 1 090 mg, VB, 2 000 mg, VB, 500 mg, VB, 1.6 mg, VC 10 000 mg, Choline 40 000 mg,
Pantothenate 1 000 mg, Folicacid 165 mg.

1.2 {BER&a5RFEE MRS RN Se TR T IR (B SR
I VLKA T E R RBE 2. 5% SRR okl ) |, 9L 10 d )5, SRS
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fhfe ML A (141.5 £1.0) g MBE A X
e fiEfh 1 480 &, BEHLELL 24 FRFHKAR (A%
3.0 mx0.8 mx0.8 m), 44§20 B, H%MH3
U, B i, B SRR, 30 min J5 WSS R
BN, B 1 h 5 A RS BT ER . R
FRHAN 60 d, BERAC s K I VA A SR, TR A I 78
SDRIE A AT A SRR o

TP it g E K . 24 h TR, PREFK
TR AT R KR (27 £3) C, K {k pH
7.0 ~7.5, 5% 4.8 mg/L L) |,

1.3 EmRiNESFE

RIS AT 24 h, SR J5 HE1 7R 3 FIAE
KAE T 0 R (weight growth, WG) F7 7E
H: K R ( specific growth rate, SGR) | 1] £} & %4
(feed conversion ratio, FCR) . & [ Ji 3 & b
(protein efficiency ratio) K& 727 (& g7 . GE&)
FrE %

HHEA(WGR, % ) = CRGIKFTRE - ¥ 1k
JiiE) /W) E x 100

HEEKZE(SGR,%/d) =100 x (Ln K
H — Lo )BT aE) / SR 5 R EL

TR R B (FCR) = 8 &/ CRIABT & - %)
i)

HHBRCE I (PER) = K8 1 Fidl /8
EIE YN

FOAFE R = [ ORI BT & x a5 245 ) #4
Wiz FR &) — (WA i > a0 I 4 i) fa {4
EIRIT i) 1 <100/ (faRHZ R 53 i x falkHE
AdE)

FEMUCER R B M, R EFHRME 2 h,
AR SR 260,65 C HETREI, k) 2
B e A 2 A1 00 2 7 7 2 B AOAC™! . HLER
FI ok B IE R LI 7 >R R R 12, K0
KA 550 C 4 b ik, ML ZF 4k i i ANKOM
A2000i, USA {50 , 28 KR % R K it i, G
RIR YR 22 5T 5, B RE R A A
M

JHFFFE v i 1D 5 2 00 R FH S 05— PP il 92
W BCTAERL 50 mg 247 A 2 mL Sli—
HEERAW (V: V,2:1,C-M ) , SIR G A
O D& C-M G TR ST K A% . HE 24 h o0
C-M BN % 4 mL, B0 58 EIE WA — B0
R TP A 2 mL C-M ), B0 )5 B

T ANZHI B DA T TR B34
A1.2mL1.6% CaCl,,##5))5E 1 h, B.0 )5
Wk FEW, B 1 mL2% CaCl,-C-M(3:8:4) R
BWM EEREEmA B EWE FER. T
JEWEG AR AR, 70 CF T RE
1.4 HEERGIT 55

IR G >K ] SPSS 16. 0 {4734, LA H H
ARG K R A 1, #:4T oo T %=
41 #r (Two-Way ANOVA) 43 #7, % A S-N-K ¥
B, Bl 22 5 W& IR A Duncan [RAG 50 £ 47 £
I bR A 2= . SR « bR
2% (means + SD) FIR

2 4%

2.1 FEREFRKENY AR E =R
A0

TA33% 60 d )5, 454 Bk SRR S ToAET- 5K
28 RO A T DL 6 A5 4B S SR T AR
M2 LB I, iR R frE R R
FIERL 2R 804N 32 1R (1 T 105 R AL RE K 7 52
—EFRHERMEm (P >0.05) {H5mEE H G
i FE AL RE = H S BEAERA X (P <0.01), b
AT AR G HRAR A K R AT LUK,
P22L10E12. 56 21 g I8 F HoA A 241, kLR E
e P H 4 41, P28L14EL2. 56 41 (148 & % Ky
8 4 P i &5, {35 P28L10E14. 23, P28L14E14. 23
1 P22L10E12. 5636% 2= 52 A 55 2%

A TRRCR L A /R IR IIAE B S PR i
FE BB DR 30 B 1 BRI L Az T Ak g 7

B S5 L REsC AR R M (P <0.05) 3 A5

=AM AR A A A SEE (P <0.01) 5
A7 R R Z R E K P0 (P <0.05) ;i
A7 B8 2 R IR I TH AL BE RS (P <0.05) ,
I H 5 W 1Y 28 BAE A W A e (P <
0.01) ; REFEAF B R SR EHH L AE (P <0.05) J =
HZHAERAL(P<0.01),
2.2 (ARVE FRK R A R B RN

TR £ ] AR F o R B A AT S R DL 3R
4 FF 5, MAMAEE 1 BRI FUK 4 & i 5 RE IR
IKFEARFE (P <0.05) 5 41K 5 & AR A B 2
(P >0.05) ; falth i Ak AE K S o i 4 i 105 0 28
A BEHW(P>0.05) 107 H., 25 1 AR K1
8 AR AR D 7K T S Bk 34 (P = 0. 066)
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®2 AREFAENBLE X EHLE KRR
Tab.2 Growth performances of channel catfish fed diets containing
various levels of protein,lipid and digestible energy

20531 IR/ g R/ g HEE/ % FEA KR/ (%/d) TR R
group initial weight final weight weight gain SGR FCR
P28L10E14.23 140.75 +0.38 306.25 £3.00% 117.59 +2.39® 1.30 £0.02% 1.54 +0.03°
P28L14E14. 23 141.00 =0. 43 292.25 +10. 82 107.23 +7.04% 1.21 +£0.06% 1.70 £0.11°
P22L10E14. 23 141.83 £0.65 287.33 £10. 69® 102. 54 +6.81° 1.17 £0.06™ 1.77 £0.12°
P22L14E14. 23 143.75 +1.89 286.83 £3.43% 101.89 +2.78° 1.17 £0.02° 1.76 £0.04°
P28L10EI12. 56 140.75 £0.43 252.47 £13.91°¢ 79.40 £10. 14¢ 0.97 £0.10° 2.36 £0.31°
P28L14E12. 56 141.67 £0.73 318.75 £15.12° 124.91 +9.63* 1.35+0.07° 1.46 £0.13°
P22L10EI2. 56 141.58 £0.65 290.17 £9.24% 105.01 +7.46% 1.19 0. 06% 1.73 £0.11°
P22L14EI2. 56 141.25 +0.52 278.42 +£3.99% 97.10 +2.51" 1.13 +£0.02% 1.86 +£0.05°

P {f P value
p 0.105 0.347 0.256 0.348 0.881
L 0.481 0.170 0.184 0.172 0.143
DE 0.785 0.255 0.251 0.204 0.130
PxL 0.418 0.034 0.037 0.037 0.046
P xDE 0.261 0.447 0.356 0.299 0.213
L x DE 0.956 0.025 0.022 0.023 0.034
P xL xDE 0.418 0.005 0.005 0.005 0. 009

- RPFEIIBA R REARNG TRFRREZR R (P <0.05) HAR:n =3,

Notes; Means with different superscripts within the same column are significantly different( P <0.05) ,n =3.

£33 AREFRKTEXNHAREEESREER L MERRNEE
Tab.3 Protein efficiency ratio( PER) and retention of nitrogen,lipid and energy of
channel catfish fed diets containing various levels of protein,lipid and digestible energy

2053 HEBBCELL RAFE /% e 5 #1-88 #/ % REtR AT B 3/ %
group PER nitrogen retention lipid retention energy retention
P28L10E14. 23 2.319 0. 04 37.14 +1.05% 63.60 +5.66° 56.61 +1.43%
P28L14E14.23 2.145 +0.15° 35.44 +1.72% 38.06 +5.89° 48.23 +£0.98™
P22L10E14.23 2.532 +0.18% 38.23 £5.18* 43.49 £9.16"° 46.84 £3.41
P22L14E14. 23 2.631 £0. 08" 39.02 =1.32° 40.32 +2.41° 45.75 +0.90"™
P28L10EI2. 56 1.570 0. 20° 28.91 +1.44° 15.59 £5.19¢ 37.57 +2.20¢
P28L14EI2. 56 2.665 +0.22° 35.21 £3.92% 42.12 +5.23" 51.17 £2. 04
P22L10EI2. 56 2.559 0. 17 44.06 +1.56° 38.80 +3.38° 49.01 +1.25"
P22L14E12. 56 2.498 £0. 07 39.18 £1.41° 29.23 +2.46° 44.81 +1.41°
P {H P value

P 0.003 0.008 0.629 0.194

L 0. 040 0.950 0.452 0.989

DE 0.433 0.756 0.001 0.012

PxL 0.054 0.283 0.382 0. 064

P x DE 0.765 0.084 0.085 0. 005

L x DE 0.020 0.770 0.009 0.003

P xL xDE 0. 004 0.100 0. 002 0. 000

T R P RFVBAR R PR A NS PR R 225 235 (P <0.05)  HEARn =3,

Notes; Means with different superscripts within the same column are significantly different( P <0.05) ,n =3.
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T4 ARE K EBA X R A KR

Tab.4 Proximate composition of whole body of channel catfish fed diets

containing various levels of protein,lipid and digestible energy %
2H 5 HH i Koy Koy
group protein lipid ash moisture
P28L10E14. 23 53.42 +2. 74" 41.46 +1.62% 6.89 £0.61¢ 72.41 £1.15
P28L14E14. 23 50.08 +0.61% 41.26 +1.62% 8.62 £0.06™ 71.04 £0.28
P22L10E14. 23 51.20 +2.87% 39.62 +1.35%¢ 9.34 +£0.39% 73.20 £0.75
P22L14E14.23 46.20 *1.49° 42.16 +1.11% 8.02 +0.69"¢ 70.56 +0.83
P28L10EI2. 56 57.00 +1.18* 33.68 £2.65¢ 9.55 +0.26™ 73.54 +1.51
P28L14EI2. 56 49.09 £3. 52 44,55 £2.142 7.32 £0.59% 73.77 +0.86
P22L10EI2. 56 54.51 £2.56% 35.69 +2.43% 10.05 £0.77% 72.70 £0.72
P22L14E12. 56 51.19 +3.27% 38.44 +1.43"¢ 8.73 £0.37% 72.55 £1.12
P {H P value
P 0.367 0.422 0.021 0.531
L 0.014 0.020 0.049 0.169
DE 0.143 0. 066 0.076 0.068
PxL 0.676 0.395 0.163 0. 554
P xDE 0.440 0.612 0. 966 0.396
L xDE 0.681 0.085 0.016 0.152
P xL xDE 0.385 0.096 0.016 0.751

T R AP RSV BE R bR A NG FREROR 225+ 2.3 (P <0.05)  HEAKn =3,
Notes : Means with different superscripts within the same column are significantly different( P <0.05) ,n=3.

M1 5 UL, IFBRAE R F K2 RHE K B HARRE A E A A 5 (P <0. 01) 57K 73 8%
MR (P <0.00) s AFBRIENG A SipE e & SERE A AR AR AR FASE (P <0.05),
FHALREAC AR (P <0.05) s Ky i ikt HASEREALREKFRAHSE (P <0.01)

F5 AREFROKTEXBEA X EHIRT AR K E

Tab.5 Proximate composition of liver of channel catfish fed diets

containing various levels of protein,lipid and digestible energy %
2053 HH =110} Ky K4y
group protein lipid ash moisture
P28L10E14. 23 38.18 £0.15°¢ 5.86 0. 03 3.48 £0.04° 80.67 +0. 88"
P28L14E14. 23 37.70 £0.00°¢ 6.41 £0.82%° 4.87 £0.07° 80.00 +0.00¢
P22L10E14.23 31.81 £0.39° 7.71 £0.55° 4.03 £0.36° 80.50 0. 50
P22L14E14.23 34.99 +0. 03¢ 7.55£0.01% 3.76 £0.11° 82.00 +0. 58
P28L10EI2. 56 44.03 £0. 03" 5.44 +0.61¢ 3.82 +0.47° 82.67 £0.33"
P28L14E12. 56 39.76 +0.16° 5.64 £0.30" 3.96 £0.03° 81.67 +0.33%
P22L10EI2. 56 35.41 +0. 38¢ 7.03 £0.49% 5.65 +0.22° 82.33 +£0.33%
P22L14EI2. 56 44.05 0. 23° 5.38 +0.75° 4.29 +0.01% 82.67 +0.25°
P {H P value
P 0. 000 0. 024 0.038 0.107
L 0. 000 0.540 0.874 0.910
DE 0. 000 0.033 0.042 0.001
PxL 0.000 0.153 0.001 0.030
P xDE 0. 000 0.346 0.003 0.435
L xDE 0.029 0.299 0.007 0.319
P xL xDE 0. 000 0.511 0.815 0.575

TR PRIV E bREARNG FRFRRZR R (P <0.05) HAR:n =3,

Notes; Means with different superscripts within the same column are significantly different( P <0.05) ,n =3.
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2.3 AREFRKFIELRORME

TRPEHE E IR T s A RE R LT f R
Bu WK 6. ML H I FRIIH LR Z kA5 37
JEIT IR (P < 0. 01) 5 HUAR DT BRI LR 5
TaVRL S RIS G AR AR FHJE G (P >0..05) 1
FHABSEFRIIASE (P <0.05) 5tk B RERYTH AL

RGBT KA % (P <0.05) il H-5 1 4
RERACE A (P <0.01) 5 4R R WLIH AL
Rk EAME AL BE I S BAE R (P <
0.05) , H-5 1R 1L RE A EE B 15 15 17 19 58 H
FIRARSE (P <0.01)

K6 ARIE KT BE A R RS R AR
Tab.6 Apparent digestibility coefficients for dry matter,crude protein, crude lipid and energy of the

diets for channel catfish fed diets containing various levels of protein,lipid and digestible energy

415
group

A

protein

g Wi
lipid

ELRE

gross energy

R

dry matter

P28L10EIl4. 23
P28L14El4. 23
P22L10EI14. 23
P22L14E14. 23

78.69 £0.50°
79.49 £1.56°
70.46 +0.56¢
70. 54 +0. 68¢

92.50 £0.18¢
91.97 £0.62¢
88.24 +0.23¢
02.87 £0.17¢

71.13 £1.51%
72.88 +0.18%
74.68 £1.43%
76.56 +0. 96

54.01 +1.07¢
63.15+2.81%
58.41 +0.79°
53.80 +1.06¢

P28L10EI2. 56 80.43 +0.58°¢ 92.46 +0.23° 69.96 +1.70% 58.70 +1.22%
P28L14EI2. 56 92.44 £0.09* 97.68 +0.03* 72.39 £0.49% 64.53 +0.40°
P22L10EI2. 56 91.42 +0.16% 95.54 +0.08° 66.45 +0. 644 66.22 +0.60*
P22L14EI2. 56 88.01 +0.37° 97.33 £0.09* 70.18 £0.88° 61.90 +1.18%¢
P {f P value
P 0.001 0.424 0.639 0.988
L 0.001 0.000 0.013 0.147
DE 0.000 0.000 0.001 0.000
PxL 0.000 0.049 0.658 0.000
P xDE 0.000 0.000 0.003 0.031
L xDE 0. 005 0. 004 0.436 0.447
P xL xDE 0.000 0. 000 0.716 0.367

T R AP RSVBAR R bR A NG FREROR 225 23 (P <0.05)  HEA R =3,

Notes : Means with different superscripts within the same column are significantly different( P <0.05) ,n=3.

3 e

3.1 AMEFKENHE S XEMEE KD
2

1K SiE SO i SR IR K AL
B YA R I 2 = KOG F W) o FRE 2 R
U8, T = FAE AR N B HERETE DL DTRRIE L N4 21
IR PR T AR I A A s A A R
HEVE N4 R E I E Y
ROCABEZIGE . — By, BE S i 3
AR R SRR K S A DG, 1 H
B PR A 338 P B R AE 24% ~32% 5%
S FRFEAR TR /N IR KR Ko A S
s R R K 22% B AT RE SRS B i 1Y 1
HOX AT RER TR R 25 . 7EX
T 1% ( Oncorhynchus mykiss )" ™" | P4 P i

( Oncorhynchus kisutch) "> F1 2§ ( Dicentrarchus
labrax) " S (I 5T b K B, 7630 e LA BR T 75
S AL b 4 R D KT TS RE B G
T A 1 E R AR R AL, X T RE R AR IR AR
SN A AR R B0 . BESCUR
FEEFEH , W TC RS, — A A B o S S
EHIRRI T B AE 6% ~10% R 98 eh i
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Effects of different dietary protein, lipid and digestible energy
levels on growth and body composition of juvenile
channel catfish ( Ictalurus punctatus )

JIANG Guang-zhen, LIU Wen-bin ", LIANG Dan-ni, JIANG Xue-jiao, ZHUANG Su

( Laboratory of Aquatic Nutrition and Ecology , College of Animal Science and Technology,
Nanjing Agricultural University ,Nanjing 210095 , China)

Abstract: A 60-day feeding trial including diets with two protein levels (22% ,28% ) , two lipid levels
(10.0% ,14. 0% ) and two digestible energy levels (12. 56 kI/g, 14. 23 kJ/g) designed with three
replications was conducted to investigate the growth, nutrient utilization and body composition of juvenile
channel catfish. Four hundred and eighty fish (initial weight,141.5 +1.0 g) were randomly distributed into
24 tanks(3.0 m x0.8 m x0.8 m) at a rate of 20 fish per tank and fed three times daily. Fish were fed
respectively to apparent satiation by experimental diets named P28L10E14. 23 ,P28L.14E14. 23 ,P22L10E14.
23,P22L14E14. 23, P28L10E12. 56, P28L14E12. 56, P22L10E12. 56 and P22L.14E12. 56. Final weight,
weight gain, specific growth rates( SGR) and feed conversion ratio ( FCR ) were not significantly affected by
dietary protein or dietary lipid or dietary digestible energy ( P >0.05) ,but were significantly affected by a
dietary protein x lipid interaction( P <0.05) ,and extremely significantly affected by a dietary protein x lipid
x digestible energy interaction ( P <0. 01 ). With the protein/energy ratio increasing, it took an increasing
trend to final weight, weight gain and SGR (P < 0. 05), except that fish fed diet P28L10E12. 56. The
digestibility of dietary protein, lipid, energy and dry matter is increasing when dietary digestible energy
decreased( P <0. 05) and dietary lipid increased ( P <0. 05). With the dietary protein decreasing, it took a
decreasing trend to the digestibility of dietary protein,energy and dry matter( P <0.05). The digestibility of
dietary protein, lipid, energy and dry matter is increasing by dietary lipid levels ( P < 0. 05). Nitrogen
retention was significantly increased as dietary protein levels decreased( P <0.05) ,lipid retention decreased
significantly with dietary digestible energy and lipid levels decreasing (P <0. 05) , protein efficiency ratio
(PER ) was significantly increased as dietary digestible energy decreased ( P < 0. 05). Carcass protein and
lipid were not significantly affected by dietary digestible energy concentrations( P >0.05) ;however, carcass
lipid tended to improve ( P =0. 066 ) as dietary digestible energy levels increased. The results of this study
indicated that the diet containing 28% protein with 14% lipid and 12. 56 kJ/g digestible energy is optimal
for growth of juvenile channel catfish (150 to 300 g weight). However, group P28L10E14. 23 and
P22L10E12. 56 got second best weight, highest nutrient utilization and best body composition of juvenile
channel catfish. It also indicates that lipid saved protein in diet of juvenile channel catfish.
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