55 34 B 9 W
2010 4£ 9

Kol

JOURNAL OF FISHERIES OF CHINA

Vol. 34, No.9
Sep. , 2010

NEHS 1000 —0615(2010)09 —1429 —10

DOI:10. 3724/SP. J. 1231. 2010. 06879

AEZEAKFETHRNBEIERX F & £ K F6E # 5 FH 8200

SBH, XAE, BWET, MAE, R
(PR E R R A E Be S E IR S AR TN 510275)

WE: SRFEARXAEZ AT TR mREAIER(CAA) X Z 4 & 4 K A0 @R AF 8% m .
ERER e E A LA AR AR A EEMAE, REHANEANE(EASE:34% .
32% 30% #1 28% ) , 4 A& B KT T % B F 7 fm CAA 41 (34CP-28CP) fn 7 fin CAA 41 (34AA-
28AA) , EH BRI AR R AR AR, (AR B AT 53k 2] 1.43% 0. 75% F0
1.05% i R Z L FAERFTEE., SHhER L T,34AA 30AA Fn 28AA 413 & 5 An
e K& (1 074.75% 951.60% 815.12% F14.11% 3.92% 3.69% ) § 2 & T 48 jL th A< 7 A
41 (869.85% 641.25% 523.75% F1 3. 79% 3.33% .3.05% ) ,32AA 5 32CP = |6 | 3% 4 § % £
77 (917.45% %t 882.27% 3.87% %t 3.81% ) . W E F 8 K18 £ K& ,30% Fn 28% & & K -F
T 7 Am CAA R E N B (48.4% 55.6% Xt 23.6% A% ), FAF%E &AREE &aRKF
B 2 Fn bk B % 7 T ,34CP 34AA 32CP 1 32AA 4 4] 5] 3% A § % % % ;30CP #1 28CP 41 § %
BRTHEEA REAKFTRAMBEREER PRI THE B ERG, L E 34% & g KT,
WHEETZANER, R AR N R @B T ROE R EERE R E R RER
FEHW (AL T LR ARBEEIE, B32%F 8 KT, EVE G KT TR RS LR
ArE—EREFBRZEENERL R ERL, ARERKN, ZEaFHF R mEE
AEBR AN, AR EAKFEN3M% BIKE28% i, AL ELFEAER, T2 T ol

A K R A AR R R 2 T R

KR FEF L AMEE; FAaKT: RRAER

HESTES: S 963

BRI IRFEME A R AR R TR
Bk, HATHAS R R AT IZ K= i ks 2 i
SO, AE— LR K f G I T B GRS I Y
2S5 18] o PR, AN 8 f0Ry R AL B 3 TR 7 B A
Sz T e B R T EE TR A
3, BT A T ) S b gl R b i A A
BRI 2. AEY R B IRRDRRE 2k = SRR R ]
PEEEERR , QR AEE S 0 R0k 3 1 J5 1 P ok fig
P, IR 21 R B WAL R (Y R, LASGE B A
BHR P . 7Ef SR 3 BFUK 2 #EA, 9
JINTE 4 P 0 75 B FE R T L Gl A R 1 1l o 1 A
KRk R B U HE B B2 e o R i

( Oncorhynchus mykiss) #8 ( Cyprinus carpio) . %

s B HA:2010-03-22 f&[E] B #3:2010-07-05
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AR AR R & &
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T FEEFRA A B AR AR P iRK S )
AT A2 BB 148 1, 41 % 7K T AN 5% M F AR 1 A=
Kb, b B S —EmEA N AER" .

AP S, BRI B RE B ORI BOR BT
M T2 AR AR, DL 8 R
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IRBIFEAR LA B . A L w P IR
( Oreochromis niloticus) S 525X 4, WF9E AN [R) &
FKSE T B IR AR 2 LR (CAA) Xf BHE AR K
e A6 A1) FH A 2B 50

L MRSIE

1.1 LR R LwigTt

MR S50 JFOR A R R 2 A (36 1) B3t DR
BC Ty, A RE2E B a3 o A UL 20 SEE SR LA
R, T AR R i, AR N TR A b 2,
w4 ANE RS (34% ,32% ,30% 1 28% ) |, 45
ANBRE R PR TN CAA 41 (34CP 32CP 30CP
1 28CP) FIF /I CAA 4 (34AA 32AA 30AA Fi
28AA), J5 H USRS 24 R B R £R L L — 2R &R A
L - 3R, i Z 35 8] NRC(1993) #EF£ 9 & 4
SR B R (1. 43% 0. 75% F11.05% ) , & 41
R R BR AL B B DL 3 (H T B A B ot
T ARy PR R AFAE 4R 2R I S (AR T D) o

BT 0. 01% =840 —54AF Jy SRR 45 78 57 LA
5 ek rh s R R R AL

W IR 2 T 5 v 1 o A9 B B BB T
WEEEHL ( A-200T Mixer Bench Model unit, Russel
Food Equipment Ltd. , Canada) fi #f 15 min, Z J5
IR OB AR, ] i 458 48 36 A 300 ~
400 g/kg 17K 53, Gl i 2ok BUCRAT % FE AL (44 7
TR AL T2 Be, ) BF 1 ok kbR AS
2.5 mm, fRPEMZ DAL, TS A6 4E T -20 T,
HEMH,

TR 1 CRLIE D K 20 S RE Y D < 7 12
4350 Rl S 5 AL (1030-Auto-analyzer, Tecator
AB, Sweden ) , Z& [ 1 $2 = ( HT6, Tecator AB,
Sweden) | ZhfgE 41 550 C Ky ke ik A ik, ok
A B o R R 2 & BRI A B g3 B A
(Hitachi, Model 835 — 50, Hitachi, Tokyo, Japan )
3T

®1 ERSEBRSTRENAN(TE)

Tab.1 Amino acid and approximate composition of experimental ingredients( DM ) %
AR M USR] ik AR DDGS T A5}
amino acid soybean meal canola meal cotton seed meal defatted rice bran wheat flour
KITEZ IR Asp 4.91 2.65 4.17 1.43 2.07 0.78
F &= AR Thr 1.58 1.41 1.35 0.54 1.06 0.42
2254 iR Ser 1.62 1.12 1.38 0.49 1.12 0.53
A% Glu 7.93 6.55 8.71 1.97 6.03 4.99
JHi4 " Pro 2.18 2.21 1.71 0.69 2.98 1.75
H% 1 Gly 1.92 1.91 1.92 0.84 1.21 0.61
NEFR Ala 2.01 1.72 1.88 0.93 2.53 0.57
M= R Cys 0.16 0.13 0.13 0.04 0.11 0.07
R Val 2.3 2.02 2.19 0.88 1.68 0.76
HE R Met 0.62 0.64 0.66 0.25 0.6 0.30
R RAR le 2.08 1.54 1.58 0.58 1.28 0.64
ZER Leu 3.43 2.71 2.78 1.11 4.38 1.14
% &R Tyr 1.1 0.82 0.95 0.36 0.87 0.31
KN AR Phe 2.24 1.55 2.45 0.70 1.69 0.77
#i %R Lys 2.67 1.86 1.93 0.74 0.87 0.38
ZH AR His 1.02 0.88 0.99 0.36 0.75 0.3
&R Arg 3.15 2.27 4.73 1.09 1.25 0.71
> AA(AIFE Trp) 40.92 31.99 39.51 13.00 30.48 15.03
7K 43 moisture 10.17 8.99 10.53 11.60 9.30 12.23
HIEE H crude protein 46. 88 42.66 47.80 17.70 35.87 19.23
HLASH crude lipid 1.90 1.4 0.5 2.00 13.70 -
AR Y NFE 28.3 28.9 26.3 53.6/58 36.8 69

T HUIR W AR Y& A S5 {H.

Notes: The contents of the crude lipid and NFE of the ingredients are reference value.
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Tab.2 Diet formulation and approximate composition of the experimental diets

JEUR(2/100g diet) 34% 32% 30% 28%
ingredients 34CP 34AA 32CP 32AA 30CP 30AA 28CP 28AA
M1 soybean meal 24..00 24. 00 16.00 16.00 8.00 8.00 0.00 0.00
SUAESEH] canola meal 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00 20.00
Fik cotton seed meal 16. 00 16.00 16.00 16. 00 16.00 16.00 16. 00 16.00
SKBEK] defatted rice bran 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
DDGS 10.00 10. 00 10.00 10.00 10.00 10.00 10.00 10. 00
FRUETE ¥ wheat flour 9.89 9.48 17.89 17.05 25.89 24.61 33.89 32.17
T2yl soybean oil 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
K HP#ERE soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
B4R % Vitamin mix® 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
E4EHY)EL mineral mix® 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
4 C AR ascorbyl-monophosphate 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
JHFH choline,50% 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
ElR — 445 calcium biphosphate 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
L - %8 L-methionine 0.00 0.29 0.00 0.32 0.00 0. 34 0.00 0.37
Wi BRBREREL lysine sulphate 0.00 0.06 0.00 0.38 0.00 0.71 0.00 1.04
L - 7748 L-threonine 0.00 0.06 0.00 0.14 0.00 0.23 0.00 0.31
Y, 04 (yttrium oxide) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
BRI HT approximate analysis
7K 43 moisture 10.35 6.66 8.14 8.71 8.51 7.76 7.89 9.36
L% (% DM) crude protein 34.33 34.33 32.34 32.29 29.76 30.32 27.45 28.27
HLIE (% DM) crude lipid 3.29 2.80 3.16 2.29 3.20 2.44 3.12 2.50
JK4y(%DM) ash 9.00 9.13 8.62 8.71 8.21 8.28 7.93 7.98
MEE(MI/kg) gross energy 18.15 18.66 18.20 18.45 17.95 18.49 17.78 18.45
]yl {4 1 € digestible crude protein 28.27 28.70 26.17 26. 14 24.02 24.25 21.54 22.62

Hra AT FEEHMEER 20 mg; BB ,20 mg; WEEEE,10 mg; JEFER,100 mg; JZFR%5,50 mg; AMR,1 mg; MER,5 mg; WLEE,
500 mg; 4EA: K E,50 mg; 4EA R A2 mg; 4EA R B12,0.02 mg; i K3,10 mg; 4E4E 2 D3,0.05mg, b, FFA Tk LK AR,
525.46 mg; — /KB ,49. 22 mg; BLHP,5. 23 mg; L/KBIRRILER,238. 83 mg; LKBRMRER 4. 62 g; TUKBLRRM,11.82 mg; /N/KE
L4 ,0. 2 mg; Wi ,0.66 mg; ALEN,600 mg; S ALHH,107.08 mg, c. AL Fl i R F BUH LRI

Notes:a. per kg diet contain Thiamine ,20 mg; Riboflavin,20 mg; Pyridoxine,10 mg; Nicotinic acid,100 mg; Calcium Pantothenate ,50 mg;
Biotin,1 mg; folacin,5 mg; Inositol,500 mg; Vitamin E,50 mg; Vitamin A,2 mg; Vitamin B}, ,0.02 mg; Vitamin K, ,10 mg; Vitamin D, ,
0.05 mg. b. per kg diet contain ZnSO, - 7H,0,525. 46 mg; MnSO, - H,0,49.22 mg; KI,5.23 mg; FnSO, - 7H,0; 238. 83 mg; MgSO, -
7H,0,4.62 g; CuSO, - 5H,0,11.82 mg; CoCl - 6H,0,0.2 mg; Sodium selenium,0. 66 mg; KCI,600 mg; NaCl,107. 08 mg. c. calculated
by apparent digestibility coefficient of gross energy of the diets.

x3 IBWAMIERAM(TE)

Tab.3 Analyzed amino acid contents of the experimental diets( DM ) %0
SR 34% 32% 30% 28%
amino acid 34CP 34AA 32CP 32AA 30CP 30AA 28CP 28AA
WE R Arg 2.19 2.22 2.02 2.02 1.89 1.87 1.76 1.73
Jh A&z Thr 1.07 1.14 1.00 1.07 0.94 1.07 0.87 1.08
2515 iz Val 1.65 1.63 1.53 1.35 1.46 1.43 1.39 1.36
HEA R Met 0.42 0. 60 0.46 0.64 0.46 0.64 0.48 0.68
SRR Tle 1.27 1.26 1.17 1.16 1.09 1.06 1.02 0.98
LER Leu 2.36 2.35 2.17 2.19 2.06 2.02 1.93 1.89
RN AR Phe 1.46 1.45 1.35 1.39 1.29 1.26 1.21 1.18
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SR 34% 30% 28%

amino acid 34CP 34AA 32CP 32AA 30CP 30AA 28CP 28AA

&R Lys 1.31 1.39 1.22 1.39 1.09 1.42 1.00 1.43

2H W His 0.76 0.75 0.69 0.71 0.66 0.66 0.63 0.62

S EAA(AELE Trp) 12.49 12.79 11.61 11.92 10. 94 11.43 10.29 10.95

KIT&E W Asp 2.82 2.85 2.40 2.52 2.15 2.13 1.85 1.85

2255 Ser 1.02 1.11 1.03 0.91 0.97 0.85 0.91 0.83

A% Glu 5.94 5.96 5.73 5.81 5.66 5.62 5.57 5.45

Jifi 4 Pro 1.69 1.69 1.67 1.67 1.73 1.72 1.72 1.68

H&k Gly 1.40 1.39 1.30 1.33 1.23 1.23 1.17 1.17

HER Ala 1.50 1.51 1.37 1.35 1.29 1.24 1.24 1.20

4 Cys 0.18 0.18 0.18 0.19 0.19 0.18 0.19 0.19

% %% Tyr 0.78 0.81 0.70 0.67 0.65 0.61 0.59 0.56

Y NEAA 15.33 15.5 14.38 14.45 13.87 13.58 13.24 12.93

Y EAA/ Y NEAA 0.81 0.83 0.81 0.82 0.79 0.84 0.78 0.85

1.2 X 5HEFEE

T E P A A AT T B X P A
R, FXoa iR E R (5.18 £0.07) g, SLH
BIRFEAE = NG A K AR (1 x 58 x #85:90 cm x
50 cm x40 cm) H1, SE5G 7K 28 S B 00 A0 A 1R AR
18 R AR SRR AL A, I KT 2 i
PR, KR (31 £1) T, %= E /M F 0. 04 mg/
L,pH #(7.9+0.1),

PR R FR PRG3R /NS &) A fik
H gl f B L B+ 24 AS/KERE (8 N Ab B,
B 3 ANER) A 25 o AR 2 YK (09:
00,16:30) , IR MIBEIKF . REEFFEE 62 d,
1.3 HRXERKESFT

LI FF A HTREHLEL 20 BB A 7E —20 CHI
FARL AT BT o 5236 45 AR &, I 46 e e 2 i
SRR, FETH AR 1H e e i AR R S a1
TR, HREUHT fF 163 9 22 5, 00 T HET, fRAFFr
M SLIZER KU 24 h JGFREICRIE K
RRE (FBW) |, AT AE K AR PR T8 . 2RI
(MS-222,10 mg/L) JjREEE , B 2 & FTE 4 a4l al
A3 55 6 BB A AR S kA B, 2R IS
g R P L JFE R A 2R B G 5 e 0 B L
PRAFFRFIN . I3 AE 3 500 x g T #E5.0 10 min, —20
CHRAE , T I3 AH BT

B rA FE G B2 PR D S FE7E 105 THE
F Bt R EEE, DI KA o, Z A T e 8
AR . 4 fa LA IR AN SRR R
SE V] RE, I 3K A S M O R B 3h A 1k 4 AL

(Hitachi 7170A , Japan ) Jll ¢ . Rk} FIZEfEH Y P
e AF B R 1 kO % X (RIS,
America ) il %E .

1.4 HESHITSH

HHAR(WGR,% ) =100 x (CRIH - F]1
) /W

FEAEKFR(SGR,%/d) =100 x [ Ln( Ky
#H) —-Lo(¥)H) |/ KE

B i (FI) =M1 5/ 4L

TR (FE) = ORI EH -3 H) /4 &

HEBUCFE(PER) = (R E -4 &) /5
Rt i AR

HEBURE (% ) =100 x SR 45 N 45
RO/ R AR OEA R

RERAR R (% ) =100 x SLH L5 RN 43 2
RERIN N/ R AR A

TR YI AL A (% ) =100 x (1 -
Y% /ZfFd Y% )

TakHE IR THAE A (% ) =100 =100 x (1]
B Y% /2 Y% ) x (ZEMErP R E SR8 % /
TR RS TR % )

JEWH B (CF, % ) =100 x (& &/ K

JEARLL (VST % ) =100 x P IEE/ {AH

JHAA L (HST, % ) =100 x Jif 8/ K5

BRI (TPR,% ) =100 x fiz & & A5 Ui 85/
(LNCEN

AT BT A B T 3 A PATRYIME £ B
=R, BN R J5 2250 H (ANOVA) (n =
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3) K 35 3 50 kb B 52 e, 6 RDRHER (1 K F A
CAA [ ¥ Jin 47 W &K J7 2% 4 #7 (univariate
analysis of variance) , i 35 9 1~ Rl - [A] /¥ AH B 1
Mo Geit# 4k SPSS 13. 0, & Duncan [{ £
BRI IR A B 2= S B E M. Y
P <0.05 i}, R E R 25 5%,

2 4

2.1 £KMNER

SLE R RS, AT N4, 34CP 5 32CP B
MG HE RS E KRR ILE FEEZRF (P>
0.05) , 43534 869. 85 3. 79 fl 882. 27 3. 81,
23 B F 30CP(641. 25 3. 33) i1 28CP(523. 75,
3.05)B4L(P <0.05) , [i]—&HE KT ,34AA
30AA F128AA 3 417 WG H1 SGR F# 3 5T
BRI (P <0.05) , /BB K 23.6% 48. 4% |
55.6% 1 8.5% 17. 7% .21% ; 1l 32AA {3 K
4% f 1. 5% ,5 32CP L 22 5% (P >0.05),
HBAR 28AA A A KRR B E LT H e ds 4l
(P<0.05) fH5AG N4 34CP J I & 2= 55
(P>0.05) (F4) . MiEEHEAKEME I CAA
P EAT T AUE 538, 45 5 = B0, i ) & R
) WG Fl SGR ¥4 i 5% (P <0.05) ,3f H

BAZHAEM(P<0.05)

T340, Al —EEKE R, CAA I # &
WP E S T ARBINAL(P <0.05) , Fi&E FE K
ARG, SR B A AR A TRl R KA
CAA FMPB R ERA B E# 0 (P <0.05) 0
NEBZHAEH(P>0.05), 30CP F128CP W4
TEREL R B E IR T HE&SH (P <
0.05) . £ 34% F1 32% H KV, W ESCR B E
JRRCR R AR B R AR R R B R A Z CAA IR
Jnsgme (P >0.05) ,{H7E 30% F1 28% #H H/KF T
Ui CAA IS5 #E4¢m (P <0.05) , IF 5T
MUK P Z BT EEZS (P>0.05),

2.2 fEARERIELER

T AH Y T4 T Ak 2R RN B AL 2T AN 52 )
BHE F1KF RN CAA S Inf g (2 4) , &4 R %
AREER(P>0.05);H5HE 3 MEHKT
A ,32AA 5 32CP A L 72 BU(E A BT A%
25 L A 2 T IH AL 2R AE 78. 5% ~83.6% Z
], I 2 ARk R K52, 28% 2 1418 KT
34% HE (P <0.05) ,CAA [ st 2 1 B iH
EARBA WE LW (P >0.05) . Ak P yTHLR
Zxbfi CAA s g R (P <0.05) .

x4 AEZBEAKETHRM CAA 3HERRIE L RAF M

Tab.4 Effects of CAA supplementation of diets with different CP levels on
apparent digestibility coefficients( % ) of the diets

34% 32% 30% 28% P-value
34CP 34AA 32CP  32AA 30CP  30AA 28CP  28AA  CAA CP CAAxCP
T4 ST W Ak 2% 49.43+ 51.99% 54.57+ 50.87% 52.72+ 53.72+ 53.38% 56.22+
ns ns ns
ADC of dry matter 3.41 6.52 2.72 1.36 5.98 5.15 4.46 4.90
EERE R 82.35+ 83.59% 80.92% 80.96+ 80.69+ 79.98+ 78.49+ 80.02* P <0.05
ns <0. 0 ns
ADC of crude protein  1.25° 0.43° 1.77%  1.69®  2.50®  0.73®  2.85° 1.25%
Aol k2 59.76+ 61.92% 62.08%= 60.52% 60.79+ 61.37+ 60.31 + 64.23 +
ns ns ns
ADC of gross energy 2.50 5.54 2.59 0.86 6.17 4.50 4.09 4.33
LR 51.88+ 46.06% 55.84% 45.55% 54.03% 51.39+ 56.42+ 55.44+
P<0.05 ns ns
ADC of phosphorus 4.75% 3.11° 5.34° 5.242 1.67%  6.77% 1.69° 4.70°

TEBE L3 DN ERAEIE = S22 R KR, [ — A7 A AR R T R R R 22 53 B35 (P <0.05) ,ns. TR FEZER(P>0.05), LT &%

o

Notes: Values are means =+ SD of 3 replicates and values within the same row with different letters are significantly different( P <0.05) ,ns. no

significant difference. The same as the following.

2.3 FIFamEFEER

RIRE KRR CAA X % fa B |
JIEAA b TR EE R RR A4S L s ma dn 28 5 Bs . R
5 Bk 28CP 4 W 35 (K T 34CP Hl 34AA (P <
0.05)4h, AR AP LR FEZER(P>0.05),

Bk 32% P& A KR BN CAA I 7E—
SERERE LA AR M A E AR E A EE RIS A L
AELBIFATEE(P>0.05), 10 32AA 5 32CP #
WA BRI A TR, SRR KPR
PREG A L S 1A L 344 8252 (P <0..05) .
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2.4 BEELRS

AR B AE gt JIUA FRERY K 20
e fn E E MR B SRR E N
(P>0.05) (#6). CAA BIIRINEF R0 210 K
SPRILAE F &R (P <0.05) o FiE & HKFH

BEAR, iR Ko & i 2 T e s, 4 fa g
I3 RO PO i 0 5 6 D 0 8 T v o 34AA I HLIA R
HEREER THEA4L(P<0.05), fFFEEH
> 34CP 4 & o

=5 AEZFRBEKFETHRM CAA X FIE&IEHE REALL AL FnAS AR L B 220
Tab.5 Effects of CAA supplementation of diets with different CP levels on
CF, VSI,HSI and IPR in juvenile tilapia

34% 32%

30% 28% P-value

34CP 34AA 32CP 32AA

30CP 30AA 28CP 28AA CAA CP CAAxCP

3.84 3.83 = 3.63 = 3.72 %

it CF
i 0.23°  0.06°  0.10%  0.13%
WETKH VST 9.13+ 8.65+ 9.06+ 9.47=%
0.24% 0.68% 0.33%  0.48%
X 1.37 1.26 £ 1.61 £ 2.25 +
JFA EE HST
0.14% 0.04% 0.11%¢ 0.45¢
SIK L IPR 0.74 = 0.63 = 0.84 = 1.18
H

0.03% 0.10° 0.04% 0.18%

3.77+ 3.72+ 3.58x 3.71=
0.15"  0.04* 0.04* 0.09%
10.11+ 9.16+ 10.35% 9.58 =+
0.59%  0.14% 0.45%  0.34°¢
1.94+ 1.88+ 1.96+x 1.78z
0.08%  0.05%¢  0.32¢ (.59
1.23 + 1.05 + 1.42 + 1.12 +
0.25%  0.05®  0.07°  0.68"

ns ns ns

P<0.05 P<0.05 ns

ns P <0.05 ns

ns P <0.05 ns

*x6 TEAZEBAKETHRMCAA NFTIEEEENHARZM
Tab.6 Effects of CAA supplementation of diets with different CP levels on
biochemical composition of tilapia %

34% 32%

30% 28% P-value

34CP 34AA 32CP 32AA

30CP 30AA 28CP 28AA CAA CP CAAxCP

4> whole fish

. 74.39+ 74.31x 74.82+ 75.17%
7K 43 moisture ;
1.08 1.41 0.83 1.95

14.67+ 14.47+ 14.23+ 13.79 %
#H crude protein

0.40 0.41 0.68 1.01

JEH crude Tipid 4.79 = 5.30 = 4.85 5.06 =
crude hipi

" P 0.88°  1.15°  0.28°  0.99°

3.39+ 3.57+ 3.17 3.31

JK4y crude ash ) )
/ 0.19*  0.00°  0.14% (.16

JJLIR muscle

78.18+ T77.67+ T7.97+ 77.53 %

yA ist
K93 moisture 0.29 0.34 0.19 0.19

17.66 +

B crude protei . 18.52+ 17.64+ 17.92+
cruae protem x

P 0.30% 0.21¢ 0.23®  0.20™

E17 crude lipid 0.87 0.59 + 0.83 1.21
0.21% 0.20° 0.10®  0.41%
I liver
74.42+ 74.13+ 74.88x T72.74%
0.77 1.89 0.90 1.42
12.22+ 10.81+ 9.42+ 11.17=%
0.83° 1.97% 0.84° 0.67"
3.24+ 3.85x 4.23x 4.03%
0.53% 0.79®  1.85%  1.65%

JK 43 moisture

% crude protein

g crude lipid

74.26+ 73.45+ 73.15% 73.24 =
0.57 0.86 1.16 0.58
14.30+ 13.91% 13.92+ 13.92+
0.28 0.35 0.33 0.49
6.57+ 6.57+ 8.03x 7.18=%
0.97*  0.92% 0.69° 0.91°
291+ 3.48% 297+ 298z
0.10° 0.10°¢ 0.07*  0.51%®

ns P <0.05 ns

P<0.05 P<0.05 ns

77.52+ T77.63+ T7.94+ 77.72%
0.56 0.12 0.54 0.94
18.00+ 17.83 = 17.18% 17.59+
0.64>  0.18" 0.29° 0.47%
.15+ 1.12+ 1.55% 1.09%
0.19%  0.05®  0.30°  0.53%°

ns ns ns

P <0.05 P<0.05 ns

ns P <0.05 ns

71.43+ 71.98% 73.02x 71.94x
2.18 0.42 2.85 2.36
9.91+ 10.45+ 10.61% 9.92=+
1.08®  0.63®  1.03®  1.78"
6.06 5.31 = 5.42 + 6.28 +
1.01%  0.66™  0.99% 1.38°

ns ns ns

ns ns ns

ns P <0.05 ns

2.5 IMm3REBENIER
H1Z% 7 J1,28CP 41 Y I 3% 45 H 5% 44 i ( GOT)

FIAT N (GPT) i Mifie i (P <0. 05) , H g 4%
HZMZEFIFARE (P>0.05) CAA BRI
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A 5p 25200 GOT Ml GPT (P <0.05) , L H 2 28%
HEE, N CAA J5, B FK T 112K /) GOT Fl
GPT(P <0.05) , i~ K7 X GOT F1 GPT HA 58
HAEH (P <0.05) . Bl ER B (ALP) 35 4 75 %%

£7 AEBAKFETHRM CAA Xt B 1 M 2% 4 18 4 L FE4REI 220

Tab.7 Effects of CAA supplementation of diets with different CP levels on
several plasma parameters in juvenile tilapia

[P A B 225 (P >0.05), 1 Il K JR 3 A
(UREA) 55 W 32 (] RH R K SF3200 (P <0..05)
32AA 28AA ARG R R THES.

34% 32% 30% 28% P-value
34CP 34AA 32CP 32AA 30CP 30AA 28CP 28AA CAA CP CAAxCP
48.35+ 40.85+ 47.70x 48.20x 55.10x 42.75%x 90.10x 43.00 =
GOT(U/L) b P <0.05 ns P <0.05
11.67° 11.53% 8.33*% 9.90* 18.07° 2.19% 1.13 3.54%
19.07+ 16.10+ 22.57+ 24.47+x 25.00x 20.25x 34.60%x 17.80=
GPT(U/L) N N . N . . P<0.05 P<0.05 P<0.05
1.60% 2.95% 4. 44%° 4.60" 0.14° 3.61%° 3.68 2.03%
17.67+ 18.00+ 19.33+ 18.00x 18.67+ 14.50+ 19.33+ 16.00+
ALP(U/L) ~ ns ns ns
4. 04 2.65 2.52 1.41 2.08 2.12 2.08 2.83
0.37 0.33 = 0.50 £ 0.57 0.47 = 0.35+ 0.33 0.53
UREA ( mmol/L) N ) abe ] abe " ] be ns P <0.05 ns
0. 06" 0.06* 0.17%¢ 0.15° 0.06%° 0.07% 0.06* 0.06"
- F132% FE KT, 3 im CAA fUHE K 23. 6% Fl
3 e

AN B R 20T i A 2 BRI 1) ) R T AN T
TR ) CAA 5255 B AR WO [R 2, R
35 1 A R s W (B AR ST Rl
1) 2 ik TR e D A AE 5 TH #E B = 1 0 i 4
T X ATRE SR CAA B R R, BT
FER IR, DAL 8 A A 3R v AR M £ 2 1) /N i X 1)
el 2 B 14 W S S A TR A b g2 T
el 5455 BRI — A A CAAR 1T
T84 B W) i ( Lates calcarifer)'™ [
I5 8 ( Silurus meridionalis) " B E 12~ 2 [H]
FERBAE ARG H A T iRDEH 9 CAA X AT RS2 HT T
—ERE LB T EYWHEZEAGIE, 1S
1K CAA 5255 A FL R WA [R] 25 1 1] i1 2]
fift o sE CAA FI IR Y 5t R i 4 45 2 L 1R
AT R A Y KGR R SR
JAPHE R SR 2 TR I R — o £ ] BE AR R
7 H 4536 , 0BT A S Rt T2 g A

WFSE R B0, A CAA (1) Gtk el ] e 2
A, I i B AR A — i AR B S
551 /NI BRI A X R B PR, 2 LR Y
WA AN R EE TS i CAA fig i T fafk
F A T 8 A T T, e R R W
I EZEPEXT CAA BRI SE A/, A 45
o, 18 R KO 30% A1 28% IS i
CAA "5 48.4% 55. 6% W3 E X T ALE 34%

4% FEXIT AR LA TS CAA SR
W] 4., Gaylord 25" i iy it b 1753 5 T 25 {0 i 45
B KT 45% I, 7EA R 1 G R
Z b b T S R E 1S E 7 T 4 R 11, 5%, T 7E
35% £ KA EAA WA E] 15% o [RIFEFER
Wy iy e ek kb 78 CAA WA SR AR K IF HAE s
KT (54% CP) g A i 2K FARER F K
T4 (39%CP) " XAl B i TR E KT T
TRIAHE TR Bl A T4, R o 4 R R 114 5 i
R A 5, 28AA il 30AA T AL N
CAA J& /B KARIAF 34CP K-, & LU H - M
FERRAOVE R o XL S A 26 1 0
R4 R BIF STt 22 W1, DR A EAA i 22 3
JE G FEIR T, AT LTS 20 IR B 1 B, T
X FRFNT G (A KA B
TELMEYE 1 RR R N B A
Bl R R IR, 3 BRI TR AN, O PR
RN R TR mSERERS SEUEK
PEREMI AR o R I CAA, A AL AT DLk
SRR SR T 1, L AT R38R
eI R FR A B /R, TR 0 £ 25 1
SRR, B R A R AR Atk
W], ZEAAMERHER FUKE, IR CAA $57] 33541
AR . Bai T HE, fE IR E R
Foh F B H IR R K510 30% F125% 1Y
S AL R A3 A I 0. 4% Lys , A i 25 42 5 5 o5
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K=

¥

34 3%

SR ek KR R R R ROR . AR SR
34% Fl 32% H FKT-A N CAA X Pk FH A
R (H IR AE 30% Fl 28% 2 KR, AT
0 PR R TDRL R RN B 1 SR, Ik B 34% 1R
FIKF-o B PR B RN R A A B e i) AR Al 3
PRSI — 3, 3R WIAE AR A 7K OP fDRE H s T
CAA n LAfifi frp e} 2 356 R o8 A s b ) F iR N R B
FEA B, AN & o S VE RV R e s T AR

LT % A 8 P 05 P — Ty T P S oy 2 R 1Y) )
SEARRE T, S — T I, WA I R A5 A2
f6bRo XA EEAIRFTE A AR A i CAA AT i
B IR R N Y IR SR <N 31 O RT o
TFEAR IS 21, B 28CP 41 7% MM 5 40, Hoe
A1 1al ) GOT F1 GPT J5 3 A2 CAA ANl
S, 7E 28% B /K R il CAA B FRART
WG S I 1) 6 T, 22 R B S e 4L A R Y
K-
4 #EE

DL 5E 2R B, ARl b s o i 44 2 B i v
JE A K AR BRSO AR JEVE T, DU 30% AN
28% B /KT U0 A 850 B oA B B, AT R 4R
B AR R R R KR R RCR R B
AR R RO R BB IR R, IR E 34%
KA, RIS kR HKCOF A 34% R 2
28% B, AR A R LT AR , 1 Z 3R 3 77 B K
- DR A K P RE RV RER R AS 25
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Evaluation of protein reduction and amino acids supplementation of
practical diets for Nile tilapia( Oreochromis niloticus)

JIN Sheng-jie, LIU Yong-jian, TIAN Li-xia® , YANG Hui-jun, LIANG Gui-ying
( Laboratory of Fish Nutrition ,School of Life Sciences ,Sun Yat-sen University ,Guangzhou 510275, China)

Abstract: A 62-day growth trial was undertaken to estimate effects of crystalline amino acid ( CAA)
supplementation of diets with different protein levels on growth performance and feed utilization in juvenile
tilapia ( Oreochromis niloticus) . 8 plant-based diets were prepared, and they were formulated to contain 4
graded protein levels( crude protein:34% ,32% ,30% and 28% ) with ( expressed as 34AA,32AA ,30AA and
28AA, respectively ) or without ( expressed as 34CP, 32CP, 30CP and 28CP, respectively ) CAA
supplementation , respectively. In the supplementary group, lysine, methionine and threonine were added to
ensure the amino acid requirement of Nile tilapia. With CAA supplementation, higher weight gain
improvement was observed at 30% and 28% protein level, which is 48. 4% ,and 55. 6% . Feed efficiency,
protein efficiency, protein retention ratio and energy retention ratio were significantly lower in 28CP and
30CP groups, while increased by adding CAA, which were similar to that in another two protein levels.
Regardless of diet protein level, CAA supplementation had no effects on the apparent digestibility coefficients
(ADC) of dry matter, crude protein and gross energy of the diets, except for reducing the ADC of
phosphorous. VSI,HSI and IPR decreased to some extent with CAA supplementation, yet body composition
was not affected. The results indicated that supplementing CAA to the plant-based diets with different protein
levels can improve the growth performance and feed utilization of juvenile tilapia, and it had no adverse
effects when diet protein level reduced from 34% to 28% .
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