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Table 1. Proximate compositions of commercial and experimental carp diets (%)

_ﬁet

A B C D E F
Commercial diets
Crude protein 34.1 36.6 34.6 34.9 32.4 34.8
Crude lipid 8.6 5.8 1.2 11.3 6.7 9.4
Crude ash 11.0 10.1 9.7 10.0 8.3 7.1
Moisture 9.2 10.0 10.4 8.6 9.1 8.2
Experimental diets
Crude protein 32.6 32.7 34.6 35.1 37.0 34.5
Crude lipid 8.8 7.6 6.8 10.6 6.4 9.4
Crude ash 10.7 10.2 10.3 ~ 10.5 9.3 7.8
Moisture 4.0 4.5 4.5 3.3 3.3 3.4
Phosphorus 2.1 1.9 1.7 1.7 1.5 1.1
Gross energy (kcal/g) 4.3 4.4 4.4 4.6 4.5 4.6

Table 2. Available phosphorus (P) contents in the commercial carp diets
based on P in Fr. 1 and absorption and retention of P in carp

Diet Fr.1 Absorption Retention

% oftotal Av.P %oftotal Av.P %oftotal Av.P
dietary P (%) dietary P (%) dietary P (%)

A 35.8 0.8 37.3 0.8 25.9 0.5
B 30.0 0.6 31.5 0.6 20.3 0.4
C 256.9 0.5 26.9 0.5 21.0 0.4
D 35.1 0.6 36.7 0.6 34.2 0.6
E 28.5 0.4 30.8 0.5 22.2 0.3
F 27.1 0.3 32.5 0.4 20.4 0.2




Table 3. Four weeks feeding performance of common carp fed experimental diets

Diet _Average body weight (g)  GR" FGR™ DFC™ PER™

Initial Final (%) ' (%) (%)
A 12.8 29.1 127.0 0.92 3.0 33
B 12.6 236 87.1 1.22 3.1 25
+ 12.3 24.1 96.7 1.23 3.3 24
D 12.7 313 146.1 0.83 29 35
E 125 254 103.7 1.05 3.0 2.6
F 12.9 22.7 76.5 1.26 2.9 2.3

*I GR = Growth rate.

2 FGR = Feed/gain ratio.

* DFC = Daily feed consumption.
** PER = Prtein efficiency ratio.

Table 4. Proximate compositions of whole body of carp fed experimental diets (%)

Diet
Initial A B C D E E
Crude protein  14.1 145 144 15 154 154 182
Crude lipid 3.2 42 38 45 41 53 71
Crude ash 2.7 26 24 23 23 2.4 22
Moisture 79.2 18.4 19 78.1 174 76.5 155

Table 5. Environmental phosphorus loading from carp based
on availability of P in the experimental carp diets

Diet T-P (kg/t production) based on
Fr.1 Absorption Retention

A 124 12.1 14.3
B 16.8 16.2 18.8
C 15.8 15.6 16.7
D 9.0 8.8 9.1

E 11.0 ' 10.7 120
F 9.8 9.1 10.7




CERK 10 ERE#R S &)

[FC®IC
FHC 9 R IR » B BISE I B 2 BB TUR D A
FHMIIE rficBIS M/ EEILLAMINLIEY) ¥
BEOBPICELY T/ FO-OB rifi 2/ FHEIZBNT
B 8 SERE I S h AR LORERE ) © 6 FEIZ D
W YABELHIE L, TORR, AKIZBILY Y
EREPSEN L) VAWM 1 P OEERY
7209.1~18.8kgD&EMIZH V), THT13.6kaTH 72
FRLOFE I FR 9 FREIT5 | &b X hilRfEHZ L2
CEMEOIBIIOLDL L E LI TFROL ) LK) ¥
SRR I LB R ER T ER L 72,
1. mERERICEDY CAFRRORE
TRLOFEEICR r il o/ BREIC BV TERA ST
FEHC DWW TRTERE & Bk, V) Y AFEORKEE
BT 5,
2. BEEERFOR) CELUAHY S EBOME
a4 AfEAEHCE S STV 5 S EER (&
¥, Kk, I— I, A, BEEKE, 71 4F,
INEH, etc) MO > B X UEY) ¥ AT EKdH
FicEhflEL, &) CEEORGHRFNIERT 5,
3. &Y EFEEHOEERR
it REEL) Y AME L OBREHL I
T2EELIERBEREHWTRIELE) “FRT
HEEELTV, ) VEWRLIET L,

FHEFAEICLZY v BLUEEAWEOREIIELD
BEEh 2 OT, FRIOCEEIER2BIVIOHKRIZD
WTHET 5.

FEPORMSEN U AFREBICRIITRE

EHRMFR CTRBEETH MV ERFHOMEL HO
THh, FHREERISHERE, EEHEROL1%E
ERTEL A& RO DA B cifiofds b

BEVAS, TRTHI0%REOBRAELEESINL, A
BB R CoFkEROL FOXx L) YIKE (EK
FIRE=UCEEALT L) FERICETR, U EL
T2~4A%IH%T 5, Lo L, EEATCEEROGTWI L
WAL T, B2 VBAN I LAPERSAT, 70
WICEIFFRICHRD EELCELS, BLALRAS
Niwkwz b, #0780, 24 TRERFTOEREE
I OHREERECELETAZLELRE,

BifE, WO 3 A BAEHR30%HTHOARIEE S
NTwBEHESTL (FH 2 - —BHH 5 OFH) .
FIT, ZORBEELERTLZILIZE DY L OBEE
EXCOBREHNBTELIPRETIEE LA, $ 72,
DO ETHIRT A -0 dFERICEThEH
Y CEEFWELS,ICL, BRAERDSOERHROFR
DyEERREL, AETAY XEHEIEML, BF L
) YOEMENEIT L LFEETH L, T2 THRER
TIRABRAEOMERICLELERHIZEINIAYN) V&
bR TREL ., 28, FRBEFINAHEDEML L2

HMERTHE

HERf
HERSEOERIER Lo %506 (fak, ¥, KT
W, hER, 74 4F) o—KILFEER, B AR
BLUAMBEIZL - THE LAY » &% Table
ISR L7z SRR EEr Ry SEL0ES
Y7 HERE LTS L TRKEMHE WS, fi#E
&5 s BEENBIBEIEICEL, ) Y EEH0.2%
LW, 205 LF8) v AT0%E BR TV 5, BE
35 R BEEREARLIEL, B VEEN3%EA
Biflz@ <, AU 0% EBVOVEHRTH L, T
Pz, MBIEAFF =4 v0OL 20, KTz A
FAZUFRRLTV A, FALFLR) Y EEH2.6%
LEBLEIBETHLY, AR Y i320% L Ak o 2
fElroTwh,

AR ORGHE L TS L EEEOELD
) > (RdmtiE) &8 %Table 212K L7z, BifE, MR



D34 FHfAHOALEEI0%RELEESNLOT,
B L 30%EA L7 (Fao) 23 BRE L, REBfE
THARE25, 20, 158 LU 10% (Fzs, Fo, FisB&
UFw0) IR L, ¥ Y\ REEOMEIITMH B L U
Kz AWTENEFN4.0~12.0%35 & U5.5~12.0%
DEETRE L, oM, IEHEA5~49%, T4 4
F¥%3.5~8.5%KE L7

HERIRIC I T 1 QLR ERCEE T 24 L K
THDEEH 3 2) i,

HEFEEBHEOER) > TRISDEKE (0.6~
0.7) 3 TH57:0, FARTLEZE ) VBF )Y
LEBFMLTER L. &B, ¥ /57ER) v O#1L
WK 7 BRI L DV E T 5 7-08ME 7 0 A % 0.5%%
L7,

AERFEHI VT OB 7 il (M4 v /37 B35%L,
T, WEL=A V¥ —3.6kcal/gbll) #MiETA LS
CHARLA0T, iy v BREEIIHIS%, THELT
FANF—EEIL3.8~3.9kcal/gTh -7z, MIEEEIC
bED Lo 2, HKFERRFEROABERICL
plLTHmL 7z, MEORY v EEbFKT, B815810%
(Fio) [XT0.9%, 30% (Fi0) RTLA%~NHEIML 72, AX
) &EIX0.55~0.75% T, BMHI0%BX TIA DERE
¥R FEAMEE o720

FERR
ABEEORLLIARAEOME, ) BIUEED
PEEEORE ICLELR) B USEOWRIES L U4
HIZBI2ERE AL 0, MEABEZERL -,
ABRBEENI® 3 » MR 24 HER CTHRET L
FIHhE2.2+0.3gD I A KM E60 L FAMIZS0BT
I (1 88X, 285 L. BILLERY AL
20 % ABRFtAR O MR AT IOl L7, S E ABRIT 128
MEL, #fiX183M, H6HEL, HalZIIAE
527 WAMHBHOKIRIZ20.0£1.6CTTH- 72,
FROBOKEIT 4 AMECEE L, FRESFETRMGE
SHEEPORIEL, SHICLELY » 7 VRIS HRTE
HITHHMBMIRL 2. REEE B L UREE LRI

HE D7,

IhAE

BB L UKD B LU0 L 5 NCER L >
ODLADEEBIUVHEBEIZLLY v, BEBLFL AL
F— ORI F i BRI U 7 AR TS,
ATl & AR, @) o a2t A AR, D5
HMEICB T L KBEEST, DMEEC L 2RE, B
LU DBBEIIBITL) L ERE, »oHEE L. FF
IOV TIR S TICEA M E R KB -V
(1986) 1= TH#E L7z,

BREBLUEER

£ B RiE

FHENEB L UAFEHMPTOREDBET T Th
Table 3 3 & UFig. 11k L 7. SREEFEHOBHMIZ VT
NHENTBY, KB L PRTEHHOESIZLE 288
BEaohdhoi, EXELIERLERELRL, &
25%BMEDFsEK TRO BVHE (2296%) 2" F6H,
BAAREDL 096 L B T/, RWT, BH30%5 L0
20%D FxolX, FoXTI2iZME CHEREDEO N, A
B EF10%DF X TIIX L ) B#lAH - 7295, =
PEETR L2z X 9 W Fo B TiER) v &85 a40
EREETE-> TR ENL, L, ¥#E
BIURAGE (1.14) 42 C@3mlifE L b0k b EA
TWwiz, SOy 237 BHEFIZLFE LHEHA»AL R,
FaslX T2.99, FuoXT2.51&, @fkIZENTIELHS
n, IXTORBEEOXEMITmro/-2 L LEDbR
bo L& L, R, MARE, 5> BHREFHD
aBERIZEAILTEY, KBS o HBE LTES
L7k & ROmfao R M L 0462 2 L3R L
TWwb, 2OHE, BT 5L BT EIZIZM
HraE s oMErEAL R,

PDEDXH5Z, wihoRBed En - fEnEs
RLZA, FICABEEY 258 X U20%IHIH L 72F2s
B & U Fa0 il EHI AW D 30% DF sl & (2 IZ R OVERE



ERETAILENWLhE LT, IROLOERIZ, 24
RO BBEEE % BIRD30%~20% FEH 12 T &
AIEERLTwD, 7, ARREERE LTipE X
DB T ODHRANENTH 2 = hbhoi,

AEFDY U ELUEBROBNELS LUEHRE
BHEECHE L) Y B LU 282 BOBLRITE
b UIZEEFE % Table 4 (TR L7z, BEgEETHE L
1) Y OBIEIITERE ) AL TR MBS B3
LTwd, Ak L7z k91, R Toahei
DEBEZT, BT HIZHVET LA, BH%15%L
ERGLZFHE TR DERELLLET LAY A8
FENRTWAD, AF10%EETI20.54%L 2 FE %
ETHo72 ZORTRBILENE ) ¥ D61% L BV,
Faofl L CIZ46%~E T L 72,

D HFREOFuf X THA%E /L, BRILLAY
Y ORHETHHHENIZRE S, ORBRETH30~
36%DWINHET, 20 HLE2~T0%VRBENTWAE,
U Y EREIIMEET RO L D15~ 20%E BV,
PR S Nt B UEILE N, &5 VIEEERE S
Httsnb b O LR SNL, 2070, KIHRELE
I CAFEOEEICEHELRATRETHS ),
EEED 5 2587 BOHERINEIZI2~94%T, Bk
DEAGHGIZrbEFEWESRLN, s & Uk
St & o8 7 B OHEURIED B8 & M, me
BAPHFbNL, 2 VT AR IS THESNTWAEE
B -HLTwd, kBT 22H0OEFEEL, ok
LG H#20~30%K Tid340~42% T K£E L - 7295, 10~
IS%ECERX TIERR% 0, e L kEiny v 3
HOFREMPABLOEL L2 RLTW A,

BESITOBR

AERH TREIZ BT 2 28RO —B MO EB LU
I F—F&E % Table 5 (2R L7z, fIH AR C L
T, BXEOHRIEVAKFIRL LY >V BB X
UHIBERF ML Twa, BB EENF10%DF X
TEAHD) »ORRIZ L MBI G RO NS EETSH

o7 MRS ) D REFED—DOThD, B v &b =
DETIIRREMEADASLNDL, THRLF—ERIEFo
X THIEEEOEINC LN BRE L ) @SviEs L -Tuniz,

UoBLUEROBHE

ERBEBOMARRE AMBECL2EH) v &
B, U CRINREE O L ERESSEE LR V8
g (T-P) ke/tHEE) &b ITHARM L SHLH
ErOFHL-REXRAWE (T-N) (ke/thERE) %
Table 6{Z7R L7,

MG L2 910, AKIbmE L MR L 2 EIER
C—HT 2. CNLOERERME»SROHEL D20~
30%RMEV A, FEPOABEROMIIHFENET LT
W ERELLREL LAT-P I3AH30%DF0X T9.6,
10%DF 10X T5.9& %V, ffFOffnEEOHRIC &
DEFERIKKTE 2 2 b ol BICHE CEK
9 LAz 542, IRAR TR T-PH@EMTRE <
ZEBL, 9.1~13.6 (‘F3913.6) O#FEIZH Y, FRI0F
EORETH [MEDOERFBLNTVD,, AF 2 AEE
HTERILILIZLY, HEOAMEL5.9~-9.61 8
WMTEDZEDHLDEL ST, MERECHRLT S
T-N% EQBR 2 b T NIL A ORL & H 65720 ~ 25% 8
D EEDT-PORIRIZHHTH 5 & I Sz,

T-PRERLZBERICBIT2EEEREL ML TS
D, FMEOED - -FsB L UF0X T332, K-
7ZFoX TiE#43TH 272, AN10%D FiolX Ti243
LBWlErBONY, EBriflcB A EHANKE
(45kg/tHEMER) % FRlo TWh, 72, ZOKOBNA
REDN.14THE Z L2 ZET L L B 10%8F % {3 H
THIELTRETHLYS, ShORBRERE LTl
20~ 25% RN HMETHL LEZOLND,

PED LIz, a4 TREAROMRBERET-PICRE
WML SO, (s L BEFE L TRBORS
FEEHWT L LI LD T-PEARMICTRKTE 52
EWHAL P E o fe, AENGHAEEER L LTk & K
M EFA LY, B VEMAaRE+ERL,
SLUT-PEROTHENIFLETHS I,



81T 9'0 9'C 81 e 9'01 €8 ok

V' €T 0 90 |3 LS 9'61 0Tt INOJ} 1By M\
oI €0 0t 6'S gL 1344 POl [eaw uBaqAOS pPaNIRIR(]
00L ['0 Z0 (a4 1 0'68 0L [eawt poofg
v0l €0 EE LYl L'8 0'89 £8 (Jesw (210308 W o€[) [BOW YSI]
£]0} 10 © ordwes ur o S opnu idif apnu uisjoxd apru 21MS10
(dreorjoog) (9] 1 %) %) yseopru)  pidiepni)  usejoid apni) ISION S
d [BI0L
d 9]qeI0BNX3 IR (%) uonisodwos ajewIxoIq

§191p [ejuawLIadxa ay) 10 pasn SIUSIPITUI 3Y) JO SHUUOD JUSLINN] ‘T I[qEL



Table 2. Composition and nutrient contents of the experimental diets (%)

Ingredients Ricts

Fo Fis Fao Fas F3o
Fish meal (Jack mackerel meal) 10.0 15.0 20.0 25.0 30.0
Blood meal 12.0 10.0 8.0 4.0 3.0
Defatted soybean meal 12.0 10.0 5.3 55 0.0
Wheat flour 49.0 45.0 45.0 47.0 45.0
Rye 3.5 5.5 15 5.0 8.5
Feed oil ' 8.0 8.0 7.5 7.5 7.0
NaH,PO,. 2H,0 2.1 29 2.9 2.8 3.0
Chromium oxide (Cr,0s) mix 1.0 1.0 1.0 1.0 1.0
P-free mineral mixture 1.0 1.0 1.0 1.0 1.0
Others > 0. | 2.1 2.1 2.1 21
Nutrient contents (%)
Moisture 4.1 4.0 4.1 4.0 4.0
Crude protein 348 347 347 348 34.7
Crude lipid 11.7 11.8 11.6 11.7 11.7
Crude ash 5.0 6.0 6.5 6.9 7.3
Methionine (% of protein) 1.3 1.4 1.5 1.6 1.6
Gross energy (kcal/g diet) 47 4.7 4.6 4.6 4.6
Digestible energy (kcal/g diet) 3.9 39 39 3.8 3.8
Total P 0.9 1.1 1.2 1.3 1.4
Water extractable P
% of diet 0.55 0.70 0.66 0.65 0.66
% of total dietary P 64.0 61.9 53.7 50.8 46.5

" Beef tallow : soybean oil =3 : 2 v/v. % Cr,03 :dextnin=1: 1 w/w.

“Vit. mix: 1.5%, vit. E (50%): 0.1%, choline chloride: 0.5%.
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Fig. 1. Growth of carp fed the experimental diets containing
different levels of fish meal for 12 weeks
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Table 1. Composition and nutrient contents of the experimental diets

Diets

Ingredients Control 1 2 3 4 5

Fish meal (Jack mackerel) 25 20 20 5 15 10
Poultry feather meal - 5 10 5 10 10
Blood meal (Spray dried) 5 5 0 7 5 6

Defatted soybean meal 8 6 6.5 9 4 9

Wheat flour 40 40 42 45 40 45
Defatted rice bran 6 8 6 3 10 4

Available P from the ingredients(%) * 0.15 0.13 0.13 0.13 0.12 0.12
NaH,PO,2H,0 2.6 2.8 2.8 2.8 2.8 2.8
Feed oil 9.5 9.5 9.0 9.5 9.5 9.5
P-free mineral mix 1.0 1.0 1.0 1.0 1.0 1.0
Others™ 4.1 4.1 4.1 4.1 4.1 4.1

. Nutrients (%)

Moisture 6.4 6.4 5.5 5.6 7.9 7.5
Crude protein 34.3 34.1 34.6 34.1 333 34.1
Methionine (% of protein) 1.97 177 1.72 1.61 1.56 1.33
Cystine (% of protein) 1.12 1.59 1.98 1.56 1.96 147
Crude lipid 13.8 13.5 136 129 13.0 12.6
Crude ash 7.2 7.0 6.9 6.1 6.5 5.5

Gross energy (kcal/g diet) 4.2 42 43 43 4.2 42

Digestible energy (kcal/g diet) 3.9 3.9 3.9 3.8 3.8 3.8

Total P 135 1.30 1.32 1.14 1.28 1.04
Water extractable P ™

% in diet 0.68 0.69 0.71 0.68 0.66 0.69
% of total P 50.4 53.1 53.8 59.6 51.6 66.3

* *
'Calculated from the water extractable P of each ingriedient. 2l?it:o.‘:f tallow : soybean oil =3 : 2 v/v.

3 Boor ; o ;
Cr,OymiX (Cr,O; : dextrin = 1 : 1 wiw): 1%, Vit. mix: 1.5%, Vit. E (50%): 0.1%, Choline chloride (100%): 0.5%.

4I\fhaasumd by the water extraction method (Satoh et al. 1996).



Table 2 Feed performance of carp fed the experimental diets for 12 weeks'

Diet group

Control

L
&~

wn

Initial body weight (g)°
Final body weight (:g)2
Percent body weight gain
Daily feed consumption (%)
Feed gain ratio

Protein efficiency ratio

Net protein utilization (o)

4.6 £0.6

2007.2°
2.49°
0.99°
2.96°

543"

46 %07

46X 07

46 £ 0.7 4.6 £0.7

1786.1° 1782.6° 1650.9° 1632.4°
9.62% 267 2.90° 2.96°
1.05° 1.08° 1.17% 1.19°
2.80" 2.69" 2.51° 251
50.2* 50.2% 46.7° 45.3%

46X 08

96.9 + 23.3* 868 + 26.7° 86.6 £256° 805 + 22.6*79.7 + 21.3* 78.1 £ 25.2°

1596.7¢
3.03°
122"
2.39°

43.0°

4 i 2
"Data represents the average values of duplicate groups, “ Mean £ SD, n=30.

Values within the same row, not sharing common superscript letters are significantly different at P <0.05.

Water temperatire was at an average 23.7+1.9°C

Table 3. Absorption and retention rates of dietary P and N in carp fed the experimental diets

P absorption rate

P retention rate

N retention rate

Diet Digestibility
BOUP  ofoftotal  AvailableP % of total %ot  OfProwin(®) (Oaofdictary N)
dietary P in diet (%) dietary P absorbed P
Control 45.4 0.66 34.7 76.4 86.9 432
1 48.0 0.67 33.0 68.8 86.8 40.3
2 47.8 0.66 33.1 69.2 86.5 40.0
3 a8.7 0.67 35.9 64.5 89.4 372
4 479 0.67 29.6 61.8 86.9 36.8
5 60.2 0.68 35.9 59.6 89.9 344




Table 4. Whole body composition of carp after the 12 week feeding experiment™

Diet group
Initial Control 1 7 3 4 .

Proximate composition (%)

Moisture T2 1.0 73.8 72.4 73.6 72.8 72.4
Crude protein 15.4 14.7 14.5 14.9 14.9 14.7 14.5
Crude lipid 3.0 8.4 8.0 9.4 8.2 8.8 8.7
Crude ash 29 2.8 2.6 27 2.5 25 2.7
Talpey 03¢ 050 04 00 051 050 050

"Data represent the average value of duplicate group.
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Fig. 1. Growth of carp fed the diets with various
alternate protein sources for 12 weeks
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Table 1 Composition and nutrient contents of the diets

Diets
Ingredients (%) C 1 2 3 4 s
Fish meal (Jack mackerel) 20 20 15 15 10
Meat meal 5 10 10 15 10
Blood meal (Spray dried) 5 2 5 I 7
Defatted soybean meal Commercial 6 4 6 6 10
Wheat flour diet' 43 40 40 43 43
Defatted rice bran 6 10 9 6 5
Available P from ingredients (%) * 0.14 0.15 0.14 0.15 0.14
P-free mineral mix - 1.0 1.0 1.0 1.0 1.0
NaH,P0O,.2H,0 - 2.7 2.7 2.7 2.7 2d
Feed oil® - 8.0 7.5 8.0 7.5 8.0
Chromium oxide e 1.0 1.0 1.0 1.0 1.0 1.0
o-starch 5.0 . % < ’ .
Others’ - 2.1 2. 2.1 2.1 %l
Nutrients (%)
Moisture 3.6 6.5 6.5 1.7 7.4 7.8
Crude protein 339 34.5 349 34.6 34.7 347
Methionine (% of protein)® 2 1.9 1.8 1.7 1.8 1.6
Cystine (% of protein)°® ” 12 1.2 1.2 1.2 1.2
Crude lipid 10.8 13.4 13.4 13.5 13.4 12.8
Crude ash 9.3 8.5 8.9 8.2 8.2 735
Gross energy (kcal/g) 4.6 4.7 4.7 4.6 4.6 4.7
Digestble energy (kcal/g) 4.1 4.0 4.0 4.1 39 4.1
Total P (%) 1.72 1.40 1.44 13 1.36 1.19
Water extractable P’
% in diet 0.82 0.66 0.67 0.68 0.70 0.71
% of total P 47.7 47.1 46.5 51.9 515 59.7

' Used in Lake Kasumigaura during 1999.

2 : : !
Calculated from the water extractable P of each ingredient.

3 : 5
Beef tallow : soybean oil = 3 : 2 v/v,

¥ Chromium oxide mix = (CryOy:dextrin=1: | wiw).

> Vit. Mix =1.5%, Vit. E (50%) = 0.1%. Choline chloride (100%) = 0.5%.

6
Calculated value.

L Measured by the water extraction method (Satoh ef al. 1996).



Average body weight (g)

= 15

1 1

- Sl

Water temperature ( °C)

4 8 12

Feeding period (weeks)

Fig. 1 Growth of carp fed the experimental
diets for 12 weeks




Table 2 Growth performance of carp fed the experimental diets for 12 weeks

Diet group
Control l 2 3 4 5

Initial body weight (g) 394039 394038 39+035 394036 39+037 3.9%037
Final body weight (g) 00.2426.9° 102.4+29.9° 88.7420.0° 84.2+245° 84.6+266" 802+ 2%.6°

Percent body weight gain 2219° 2539¢ 2187 2065° 2074° 1961°
Naily feed consumption (%)  2.70" 2.49 a7 2.68° 267 291

Feed gain ratio 1.08* 1.00* 1.01% 1.06" 1.05" 1.09°

Protein efficiency ratio 2.78% 3.00° 2.88% .75 2.76™ 2.69°

Net protein utilization rate 53.0° 56.2° 51.0° 49.0* 49.4° 47.6'

Values within a row not sharing same superscripts are significantly different (P <0.05).

Table 3 Results of the whole body composition after the 12 week feeding experiment

Diet group
Initial e 1 2 3 4 5

Proximate composition (%)

Moisture 794 74.2° 74.2° 753" 748 7537 75.4°
Jrude protein 135 15.5° 15.4° 14.5° 14.5° 14.6" 14.4°
Crude lipid 3.9 7.5 7.6" 7.5" 7.6" 7.4 7.4°
Crude ash 2.8 2.7° a7 25" 2.7 2.6 2.6
Total P (%) 0.50 0.53" 0.50° 0.49° .053“ 0.49° 0.51°

Values within the same row, not sharing common superscript letters are significantly different at P <0.05.



Table 4 Absorption and retention rates of dietary P and N in carp

Diet D VABIETHOR Gt N absorption rate N retention rate
- % of total Available P % of total % of (Caotamig N) (eatdey )
dietary P in diet (%) dietary P absorbed P

Control 426 0.76° 27.6° 64.8° 92.5° 41.2°

! 44.6" 0.67° 33.6" 75.3" 89.4% 41.7°

2 41.6° 0.64° 31.4% 75.4° 88.0° 38.5"

3 47:9® 0.67° 35.3° 74.7° 90.5% 36.6"

4 45" 0.66* L 69.7° 89.9% R

5 52.0° 0.67% 35.7° 68.6% 91.2%® 34.7°

Values within the same column, not sharing common superscript letters are significantly different at P <0.05.

Table 5 Estimation of T-P and T-N from carp during the 12 week feeding experiment

Diet T-P (kg/t production) based on T-N (kg/t production) based on
Sroup Water ex. Absorption Retention N retention rate
Control 10.1° 110° 13.9° 35.6°
! g3 10.0% 34.6°
2 £ 8.9° 10.7° 37.1%
3 6.9° JG% g™ 40.3%
s 7:5% g.5™ 10.6° 39.8%
5 5.6° 6.8° 9.1% 43.1°

Values within the same column, not sharing common superscript letters are significantly different at P <0.05.
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Table 7 Composition of the experimental diets

Diets

Ingredients (%)

Control 1 2 3 4 5
Fish meal (Jack mackeral) 15 15 10 10 5
(Sg‘guff‘::é“giggg)cmram 10 15 15 20 20
Corn gluten meal 5 3 5 3 >
Defatted soybean meal é 8.5 2.3 8.0 2.0 75
Wheat flour (Low grade) ; 40.0 41.0 41.0 40.0 42.0
Defatted rice bran 2 6.1 8.0 3.1 9.0 4.2
Oil mix' g 9.0 9.1 9.5 9.6 9.9
P-free mineral mix 8 1.0 1.0 1.0 1.0 1.0
NaH,P0,.2H,0 23 23 23 2.3 2.3
Chromium oxide mix’ 1.0 1.0 1.0 1.0 1.0
Others’ 3.1 3.1 3.1 3.1 3.1
Nutrients (%) C4* P6*
Crude protein (CP) 43.0 34.0 343 34.3 343 343 34.3
Methionine (% of CP) - - 2.1 1.8 1.7 1d 1.6
Cystine (% of CP) - - 1.7 1.3 1.5 1.5 1.6
Crude lipid 4.0 10.0 12.4 12.4 12.3 12.4 12.4
Crude ash 15.0 12.0 4.9 5.0 43 4.6 3.6
Total P 1.70 1.50 1.20 1.19 1.08 1.07 0.97
Water extractable P
% in diet - - 0.61 0.61 0.61 0.61 0.61
% of total P . - 50.8 al1.3 56.5 57.0 62.9

' Beef tallow : soybean oil =3 : 2 v/v,

* Chromium oxide : dextrin=1: 1 w/w.

Y Vit. mix: 1.5%, Vit. E (50%): 0.1%, Choline chloride: 0.5%.

* Diet size (Crumble, C4 and pellet, P6).
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