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E A KT (36%. 39%F142%)F1 34 4 Bl g 17 /K
(6%~ 8%F110%) 1113 x3 K -S4, e 9Fh S48 1)kt
(P36L6. P36L8. P36L10. P39L6. P39L8. P39L10.
P42L6. P42L8F1P42L10), S50 1Al 3 B a5 1 J Rl
AL Ry . RSRY . SORISE, R EURL A i,
FEVEAH R H ORI S TR WAR 1o ARk 4 32 22
TAR: S B JEORER H o LR B, IR —
160 H B, 2 J5& AL 7 Lk JRRFR i B T
N, BUD I JEORLER BUR R R 515, LUAENRA

YIEI0) B R, n N g, BT 4 28 9 il s kL ik
40 H 7, i Ja IMAN15% 75 45 117K, FDS32- 11 24 GUiE
FF 256 R R LF95°C $F s Al K3 mm, B 4£0.5 mm
IBRL, 72 IR AT G, T4CHRIFESH.
1.3 RFEE

FEFHSEIG LT 60d. SEIG A TR FETEAE IR K 7
ARG, R AH27HER1500 L (K300 LYK
[ 5 T 5 B AR UK A, A KRBT E 4% 72 3k, R ORI
AR LI A FENL D B AKRE S, (R
R 8:00F116:00%- $5 ME 128 S 56t gt #8272 R /b
EEZRERBEENE. BREEZ)830—45min,
H $EME N AR B 2.5% A A7 o S 56 309 1) 1 W /K i
(26—28)°C, ¥ iR %.(5.12—6.85) mg/L, & &.(0.10—
0.23) mg/L, WASFR%(0.02—0.09) mg/L.
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Tab. 1 Formulation and proximate analysis of the trial diets (g/kg, on dry matter basis)
JF K} Ingredient FIFDiet
P36L6  P39L6  P42L6  P36L8  P39L8  P42L8  P36L10  P39L10  P42LI0

Fh & f8) Fish meal 211.3 239.0 268.0 211.3 239.0 268.0 2113 239.0 268.0
¥ A ¥y Chicken meat meal 52.0 60.0 69.0 52.0 60.0 69.0 52.0 60.0 69.0
F HiSoybean meal 132.0 155.0 168.0 132.0 155.0 168.0 132.0 155.0 168.0
If¥yBlood meal 27.0 31.0 35.0 27.0 31.0 35.0 27.0 31.0 35.0
3% HRapeseed meal 23.0 26.0 30.0 23.0 26.0 30.0 23.0 26.0 30.0
Hi ¥ #f Cottonseed meal 45.0 50.0 55.5 45.0 50.0 55.5 45.0 50.0 55.5
YESEBE N Spirulina sp. powder 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
i ¥ Wheat flour 406.5 338.4 277.6 406.5 338.4 277.6 406.5 338.4 277.6
T RER FEPDY east extract 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
1 Fish oil 26.2 23.6 20.4 46.2 43.6 40.4 66.2 63.6 60.4
Y £ FTIRY Vitamin mix' 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
B4 5 BRI Mineral mix’ 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
R~ #5Ca(H,POy), 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
A4k fBEHCholine chloride 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
474 & Cellulose 40.0 40.0 40.0 20.0 20.0 20.0 0 0 0
#H %53 B Proximate analysis

#1% A Crude protein 369.1 393.2 424.1 366.1 393.7 424.4 365.0 388.3 416.1
KL i Crude lipid 55.6 58.0 54.6 75.5 74.8 75.8 97.0 96.7 93.9
HL 7K 4> Crude ash 723 77.4 91.3 75.0 777 86.0 71.7 77.0 86.3

T YRR E TR (g/kg TRIRARL): 4E4E ZARSERES 1.60; 454 2D, 0.12; 44 FERSIRAG 8.00; 4t 4= 5K, 16.00; B2 4.00; 1%
% 4.00; 1 12.00; LS E24.00; HEE 1.00; JE FER30; 44 B, 0.04; JLEZ80.00; IELEC 40; FKIEH 801.24; *H Wi R (g/kg
T ¥ Kl ): FeSO4-7H,0 75; CuSO,-H,0 1.5; ZnSO, 7H,0 50; MnSO,-H,0 2.5; NaCl 150; MgSO, 200; KI 0.25; Na,SeO; 0.025;

CoCly-6H,0 2.5; i A1 #1518.225

Note: 'Vitamin mix (g/kg mix): retinol acetatel.60; cholecalciferol 0.12; a-tocopherol acetate 8.00; menadione 16.00; thiamin 4.00;
riboflavin 4.00; pantothenic acid 12.00; pyridoxine 4.00; folic acid 1.00; niacin 30; cyanocobalamin 0.04; inositol 80.00; coated vitamin C
40; corn starch 801.24; *Mineral mix (g/kg mix): FeSO4-7H,0 75; CuSO,4-H,0 1.5; ZnSO,-7H,0 50; MnSO,-H,0 2.5; NaCl 150; MgSO,

200; KI 0.25; Na,SeO5 0.025; CoCl;-6H,0 2.5; zeolite 518.225
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ol AR E ARG, TSI K8 sk
I ta T UK S o BN A 38, Ak e
WA, I E AN L, T EAR TR AR AR

SERtARL, A MPLARAKS . HEE. M
I T AR A 73 25785 3R 40 IR B R AO A C A J7 3k A7

¥ TE Y A Tl D I T V2 S B L RR I S
(MS222, ¥ N 1:10000), 4K F8 B HLEL 6 2 £ F- 0K
AR T S T TE, 7R 5B R T S N S S TR
BNV FEAE T 55, FF NN 101 718 #E i1
T 2 & 2% v (pH 7.4, NaCl 50 mmol/L, Na,HPO,-
NaH,PO, 154 mmol/L)#l 1 2] K ¥, Bl J5 T-4°C .
10000x g2 L 10mintl| £ KH BV - E5 B v P 0
RAEMRRFNE, JERBEE I 2 218 Bernfeld"
[R5 9%, T I e v K P e o A ) AR 92 P
I E, FH e 2R B R R 2 e i
EE
1.5 EHREETERE

B3 # (Survival rate, SR; %)=100x (&} ¥l fx 2¢
A6 R EL); R H Z8(Weight gain rate,
WGR; %)=100x[ i {4 fz 2 & & (Final body weight,
FBW)— A /& ¥1] i & & (Initial body weight, IBW)]/
AR 1Ak} 2 %(Feed conversion ratio; FCR)=
TRl BB N S E /A S B B A UURR 3R (Protein
retention, PR; %)=100x (3L 46 K Ak 2 5 (1 2L ih
AR R )/ AR TR RES R B IRV BE(Condition
factor, CF; g/em’)=100xf1 & & /(4 1K ); JT 44 be
(Viscera-somatic index, VSI)=100x P I = /A 4 & ;
i ¥ Lt (Gut-somatic index; GS)=100x iz i & /4K & ;
JiF 4% L (Hepato-somatic index; HSI)=100x T ik i &/
1A,
1.6 HIBZITFHE

K H SPSS16.08 145 Fr 45 4804k 147 G vt 70 #r,
FH . IR 7 75 22 43 BT (One-way ANOVA) L 4% %17 &}
YHIR) % HR AR~ SAE 2 e 1) R, DR 07 24y
HT(Two-way ANOVA)EG 5 8 /K- JEIT K- &
FEAZ HAE FHXS & fa b P I AE S i i) 2 35 % .
P<0.05, W3E1TSNKZ E LA AT, & e brdidi sy
DL E AR HE IR R R -
2 &R
2.1 KHEREREACIER

ORI 85 i AR R I S WL 2. dlkb R
1 7K P %o A 99 5 31 W GR AT FCR 4 5 ¥ 3 52 Wi (P<
0.05). SZES B H H K70 839% 142 % 6

T BH(P39L6. P39L8. P39L10 . PP42L6. P42L8
AIP42L10)J5, H WGRAIFCRYE 4110 & % % 7
(P>0.05), 15 5 & [ 7K 8136% 1) 35 1 KL (P36L6-
P36L8H1 P36L10)H 52 56 2H #H tb, WGRE: &, 1M
FCRIEE(P<0.05); 75 AH [F) v k8 H 7K1 i, TPkt
JE Wi 7K~ AR A0 6 W GRS AN I, 3 (P>0.05); 12Tk}
IR R36%F, HE 17 7K F 53 51l 6% 1 8% (1)
A sz 06 2 (P36L6A P36L8)H) FCRE & # % 7
(P>0.05), (34 T MRl K1 0% 1) SEEG2H(P3 6L 10)
(P<0.05); PRAZ 1AL 85 (1 F1 G 5 7K ~F 52 i {2 3% (P<
0.05), 1H7E [7]— & 1 7K - i Jig iy 1 22 2h %6 PRTE &
F R (P>0.05). $ & & H K1 39%1A k)34
SIZIG2H (1) PRI =y T LR 1 2N 36% 1 3 S 46 40
(P<0.05). Al EHE I K-F A8 R, 8 E K AA39%
PE 1 B42%, PRIJA FRBEMES, HERANEZE
(P>0.05); SZ56 £ B 26 AN 52 4Rk Hx 3 A IR D7 7K 7
JHAE H AR S0 (P>0.05)
2.2 KiBEREAARZIERR

O 175 951 S 6 S5 A L3R 3 ORI B i 1)
CF. HSIFGSIASZ bk 8 1 A0 i 97 7K1 J 22 B
Y FEZ IR (P>0.05), VSIAZ 4L 1 AR I 7K 1 5
B (P<0.05). 1% P42L6%A Rl S i 1 VSIS 1%
P36L6. P39LOAMIPA2LTA K} SLih 4 T 5. 35 7
(P>0.05), T . Z (KT &P36L8. P36L10. P39LS.
P39L 101 P42L10% ¥} 52 56 2H (P<0.05); 5K 5 1 1)
VSIS HEENT KAL) 2 IEAHIS(VSI=0.223L+4.611,
R=0.746, P=0.000).
2.3 KIHAEREAS G LH AR

W AFTw, 4K o FUORL G I 52 ek 2 1 A
JE W7 7K ST 50 42 25 (P<0.05). FalA R 1 7K T Fe vy B
TR G W7 7K ST B AR s 4 8 7K o 4 v T 4 e R iR Oy
BUR(P<0.05); 4= HHH g iy Bl Rk 2 1 18 g T B
i (P<0.05), {H Fifi T} i By 7K ¥ 1 T v 1 385 in (P<
0.05); tAkHE FKF IR KPR A2 AR X 4
U B FREL K 29 52 e AN 5 25 (P>0.05)
24 KHBERERRAL AR

WIZE ST, kLR ARG K7 R A8 AR
FARE 90 i P L PR ) 7K 4 L B 1 RORE K 4 5 il
AN 823 (P>0.05), {EL VL IRHH g i 75 2 52 1 )
JIE 7 7K ST 50 2 2 (P<0.05) . SRS (RAENT . mE
AP (PA2L6) 1) S 56 1 UL RUKEL i 7 25 2 M e I
(P<0.05); % & 3% K JiE Wi 7K ~F (6%) 1A A (P36L6-
P39L6AIPA2L6) ) AT 607 1 UL PRVREL i s 55 2 450 ik 25
I T B & H A6 i 5 7K P 5% 151 (8% A1 10%) Tl L)
SEIG A (P<0.05), H H A & iz oFp kK 5256 UL A
FHL A 7 25 870 2.3 22 55 (P>0.05)
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2.5 KiBERERRAEHILERIE

WZE 6N, RE A B KT & HAS BAE
FH 35306k Sz 56 £ Jigp 1 1) G A0 T o I 14 TG B 3 R
M (P>0.05), {E 7Dk (A i I 7K 7 X6 1 30 G K T
WA I R (P<0.05). KT A AN
36% (1) 1A Kk I T 3 v A B vE MY B T R K
“FoR39% F142% ) SE64H(P<0.05), T H LA & P36L6
DR S5 8 1) Y TE e K B E M DR B i (P<0.05) . T
B 1 KCF N39%F142% 1) 64N 5256 41 18] Jizg 18 3
B 1 I S 2 22 5 (P>0.05)
3 g

ASEIG AT R I, 41k K N 36%
X I 4575 ) £ o 2E KR T FCREL 3, X W] RE F 2
P36L6. P36L8AIP36L10 —Fpfalk) ikl & H fri
PR A RA IS F—J71H, kR EAKM36%
P2 B 39%, AT 61 1 WGR & 2 $2 , FCRIE &
B A%, (ELBE 2 1Ak B A K E— 2D 32 2 42%0
WGRHMFCRAF LI A 2 . X R K& H K

39% KA i A A I iy fi) £0 Fo OE R AR KT 7R B
REFEFR Ko 1245 R AR 50 A 9T i 1 K
WIBA%)£0(1.22 @)W R R R B (42.9%—43.8%)
R, U B R 5 i 5 A 8 SR AR AR, BE A R
LA R 2R A R T SR B B R R, TR
41, s it HH 42% i 1Dk B (A SUIR 7%, (R 2R
it mE A AKCERIERE, 2R 00k A g AR
e g . X MBI RLER F K P R 42% 0 k52
6 20 I PR EL 15 £ TRDRE 8 1 SN 39% TR 11 52 56 21 22
AEXTEARAS BE S o TADRE R [ /K 7R 6 A2 AT
i £ 55 SR 5, TR 7 7K P AR A X AR AR KRN 4]
R R 2 52 m, i HLAE B — DR KPR,
TR W KPR E A AR R TR E
Wi o ASHIF 5 45 R 2 B A A ff5 i) #a b ) ) A @& B
i 7K 6% BRI AT o 1% 45 R 5% = Ml (L ACA) f
T 1 9F 9 % SRR D, AT Bkt S B (R R A ) e
FRIAF 98 45 U IR

HEWR R, RN L R, &iF kK H
WU IR AR 7 6 Rl v e i, (B RE YR A N AR T,

2 SKRIGIRRITRKER RS K AR R ARSI
Tab. 2 Effects of experimental feed on growth and feed utilization of the fish in Taihu Lake

FHiDiet  FIHYEIBW (g) LI EFBW (g) HEHXWGR (%)  HIGESR (%) R AKFCR  HEAVIHEPR (%)
P36L6 8.64£0.04 27.68+0.95" 220.42410.69" 96.19+3.81 1.46+0.04' 31.87+1.00°
P36L8 8.54+0.11 26.98+0.25° 216.00+6.60° 97.14+0.00 1.5040.01° 31.77+0.98"
P36L10 8.63£0.06 28.23+0.72° 227.27+10.11" 96.19+0.95 1.3620.04° 33.44+1.17
P39L6 8.55+0.02 32.69+0.71° 282.28+8.53" 98.09+0.95 1.1540.02° 37.78£0.21%
P39L8 8.73+0.05 32.5040.58" 272.49+4.37" 97.14+1.65 1.18+0.01° 37.30+0.18"
P39L10 8.50£0.24 33.12+0.82° 289.98+2.31° 98.09+0.95 1.10+0.02° 40.0740.42°
P42L6 8.62+0.09 31.71£0.59° 267.97+4.87" 99.05+0.95 1.17+0.02° 35.68+0.80"
P42L8 8.48+0.10 34.4141.19° 305.60<13.55" 95.2443.43 1.12+0.01° 36.23+£0.61
P42L10 8.59:£0.04 34.39+0.93" 300.27+9.53" 97.14+1.65 1.09+0.06° 37.17£0.71%

P36 27.63+0.39% 221.23+4.94% 96.51+1.14 1.44+0.03% 32.36+0.59"
P39 32.77+0.37" 281.58+3.81" 97.78+0.63 1.14£0.01" 38.3840.45
P42 33.50+0.65" 291.28+7.71" 97.143+1.26 1.1340.03" 36.64+0.50"
L6 30.69+0.86 256.89+10.25 97.78+1.24 1.26+0.05" 35.10£0.94"
L8 31.30+1.18 264.70+13.84 96.51+1.14 1.2740.06" 35.11£0.91"
L10 31.91+1.03 272.50+12.11 97.14+0.67 1.17+0.05" 37.17£1.06"

p 0 0 0.717 0 0

L 0.196 0.109 0.717 0.001 0.004
P*L 0.266 0.094 0.817 0.384 0.909

T AR h, AR R A R 2 22 5 A [ _E bR /NS 7 BER IR (P<0.05); AN R8RS AR BR8] 2 25 22 3 AT AR 7 B X
YERZEK 7R, AR K AR A 22 2 R UL VERWERR; T IH

Note: In a column, mean values with different low case alphabetic superscripts indicate significantly difference among dietary treat-
ments (P<0.05); mean values with various alphabetic superscripts as X, Y or Z indicate significantly difference among dietary protein treat-
ments and as U, V or W between dietary lipid treatments; The same applies bellow
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Tab. 3 Body profiles of the fish fed different diets for 60d

TR HE JIEAA EE JHA B 71Nz
Diet CF (g/cm’) VSI HSI GSI

P36L6 1412007 6.25:0.32°" 101£0.04 2.1120.07
P36L8  135£0.04 6.58£0.14  104+0.10 1.84+0.06
P36L10  136+0.03 6.88£0.10°  1.01£0.01 1.80+0.10
P39L6  1.4240.06 5.80£0.05°  0.93+0.03 1.77+0.21
P39L8  138+£0.05 6.54£0.12"°  108+0.02 2.03+0.22
P39L10  1.41£0.04 7.08£0.12"  11120.07 2.01%0.10
PAL6 138007 5.73:0.10°  097:0.03  1.880.06
PA2L8 143006 6.07£0.19°  105:0.06 1.79+0.14
P42L10  135+0.03 6.60£0.24™  094+0.03 1.98+0.07
P36 137£0.01  6.57+0.14"  1.0240.03 1.91+0.06
P39 1.40£0.02  6.50+0.18"  1.04£0.03 1.94+0.08
P42 1.39£0.02  6.13%0.16"  0.99+40.03 1.88+0.07
L6 1.40£0.02  5.96+0.12°  0.97+0.02  1.92+0.09
L8 139£0.02  6.39+0.117  1.05:0.04 1.88+0.06
L10  137£0.01 6.85+0.11"  1.02£0.03 1.93+0.05

p 0.441 0.013 0.436 0.842

L 0.493 0 0.153 0.879

P*L 0.260 0.581 0.286 0.123

R4 AFR60dFHIA MBS A KA R
Tab. 4 Whole fish body composition of the fish fed different diets
for 60d

HAKFRAC RS, 4Rl & 250w F 2R

o 37 IH, R RNIKE I & /K
(IR G, 2 R R A B 21, Rk,
K i 1 2 0 I D7 2 5 I o A R DT 7K P T T
P ASLIGIE R I, A 0 4 £ T D 1R = (AT
WAEBEE VSTRUILI R 2 & 0 T e, 15 B st
AT & T E KA 2 A & IR 7 iR e 2= 28
BB ] L] R Y R AR R 2 .
81 2] Ak PR ) FH 803 B e T 3 A T PR 3 12

Te L AR AR R4 43 0 S A2 N, BT ST A 9t
2K Wy 18 R 1 e PR B TR B KP4 T 2
e R, (HAE 2 HO0t 78 I 4 1k B KT
B MG, B ARSI E AR frae
A S5 R R i R R R R IS K R N IE
B AN R UL K W 38 2 1 e 1 1) 2 35 AR AL, X
5, % (Channa argus)m\ 1 Uik £ (Nibea albz’j‘lora)[24]
H A1 3k 5 (Megalobrama amblycephala) *> 2 {15 53
GEIR— B AN SZIG R I AWt R 1) R} B KF T
e (AT, ARl vl 2 5N B 5] S i e b Bl v 1
2R M. 50 0 4t S % ) 60 (Barbudes
caldwell)'"™ . Z-ZE M (Erythroculter ilishaeformis Q x
Ancherythroculter nigrocauda 3" FIE H #(Chanos
chanos) ™ SR AW o FRHIE T K AL (b 5%
M #0285 iz 3 R B B 1 A 2 ol . 4 1R R R
05 AN RIS, 4 v TRDR IR 7 7K~ AT 45 45 9 AL i A

5 1AF60dF AR ERAN FLE AL
Tab. 5 Muscle composition of the fish fed different diets for 60d

b S Ko HEA HHAR HIK 5 b S Ky HHEH HHAR K
Diet Moisture Crude protein  Crude lipid Crude ash Diet Moisture  Crude protein  Crude lipid Crude ash
P36L6 7036x0.07°  1647+0.07 10.26:0.17° 3.04+0.07 P36L6  78.97+0.13 19.19:0.18 1.41%0.17° 1.320.01
P36L8 68.8240.08° 16724028 11.48+0.35" 3210.16 P36L8  78.52+0.38 19.16+021  1.88+0.02" 1.31+0.01
P36L10 69.3120.17"°  16.08£0.23 11.79+0.17" 2.970.07 P36L10 78.34+0.38  19.1440.09  1.85£0.06" 1.29+0.06
P39L6 70.63+0.41°  1649+021  9.72£037°  3.28+0.08 P39L6  78.77+0.09 19.23:0.15  1.42+0.01° 1.310.02
P39L8 69.7240.25™ 16.61+0.14 10.69+0.22" 3 130.06 P39L8  78.84+0.19  18.72+¢0.11  1.7040.08"  1.30+0.02
P39L10 69.13+0.09°  16.60+0.12 11.1740.08" 336+0.03 P39L10 78.38+0.43 19.2440.28  1.64%0.03" 1.26+0.06
P42L6 71.43%0.13°  1697+0.15  8.26+0.10° 321010 P42L6 78.89+0.11 19.0140.16  1.05£0.04" 128+0.02
P42L8 70.2040.28™  16.69+032 9.89%0.17  326+0.11 PA2L8  78.26+0.18 19264023  1.69+40.04" 1.3240.04
P42L10 69.57+0.52™  16.64=0.08 10.80+0.58" 32440.07 P42L10 78.88+0.10  18.920.02  1.78+0.02" 1.31+0.03
P36 69.49£0.23"  16.42+0.14 11.18£0.26" 3.08+0.06 P36 78.61£0.19  19.16+0.08  1.71£0.09" 131+0.02
P39 69.83:0.26°  16.5740.09 10.53+0.25" 326+0.05 P39 78.67+0.14 19.07+40.13  1.5940.05" 129+0.02
P42 70.40£0.32°  16.77+0.11  9.6540.41° 324+0.05 P42 78.68+0.15 19.06£0.09 1.510.12"  130+0.02
L6  70.81£0.20°  16.64+0.11  9.41£0.32" 3.18+0.06 L6 78.88+0.07 19.14£0.09 130+0.07" 1.30+0.01
L8  69.58+0.23"  16.67+0.13 10.6940.26" 320+0.06 L8  78.54+0.16 19.05+0.12  1.76£0.04" 131+0.01
L10  69.34%0.17"  16.44+0.12 11.2540.23" 3.19+0.07 L10  7853+0.16 19.10£0.10  1.75£0.04" 12840.03
p 0.002 0.134 0 0.060 p 0.927 0.734 0.001 0.839
L 0 0.312 0 0.952 L 0.197 0.804 0 0.681
P*L 0.236 0.345 0.365 0.164 P*L 0.282 0.175 0.006 0.861
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Tab. 6 Intestinal digestive enzyme activities of the fish fed diffe-
rent diets for 60d

Tkl Eeds]i TER T JIg i ity
Diet Protease (U/mg) Amylase (U/mg) Lipase (U/g)
P36L6 18.12+1.23 17.7740.50" 6.26+0.14
P36L8 17.80+2.05 13.12+0.37" 6.04+0.28
P36L10 19.76+2.29 14.00+0.76° 4.87+0.78
P39L6 19.25+1.84 11.490.46™ 5.18+0.21
P39L8 18.571.74 10.64+0.79" 4.71+1.01
P39LI0  20.13+1.65 10.27+0.50" 4.58+0.16
P42L6 21.3240.93 9.60+0.29" 5.35+0.26
P4218 15.211.58 9.43+0.40" 4.8140.51
P42L10 17.1240.78 11.29+0.58" 5.18+0.64
P36 18.55%1.00 14.96+0.77" 5.72+0.32
P39 19.3120.90 10.80+0.35" 4.8240.31
P42 17.8841.07 10.1140.37" 5.1140.26
L6 19.56::1.00 12.95+0.77" 5.60+0.32
L8 17.19+0.90 11.06+0.35" 5.19+0.32
L10 19.00+1.07 11.85+0.37" 4.87+0.26
P 0.572 0 0.134
L 0.206 0.002 0.273
P*L 0.310 0.001 0.664

3 G 0 i e B 2 e, AR R IR K i
B — 5 i Ak e, DU R AT e S AR A,
B TR AR Sz a0 G kLIS D K F AR A A R
S #4 pJE i T 1, T RE -5 SRR AR K1
AR N 2, [FRE B R EDAIE 6% Bk I 2K
- 3K A5 R PR 3 B KT

B, FEARSER AT, TR F39%, g
N6V NG B o AWt 71 $5% BT AR 2 1 v g U e
EIDALNIEINE 2
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DIETARY PROTEIN AND LIPID ON GROWTH PERFORMANCE, BODY
COMPOSITION AND DIGESTIVE ENZYME ACTIVITIES
OF WINTERLING CULTER ALBURNUS ¢ x
MEGALOBRAMA TERMINALIS &

SUN Li-Hui, LI Qian, JIANG Jian-Hu, GUO lJian-Lin and CHEN Jian-Ming

(Agriculture and Rural Affairs Ministry Key Laboratory of Healthy Freshwater Aquaculture,
Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: To optimize the feed formulation of a hybrid fish, Culter alburnus @ x Megalobrama terminalis &, a 3x3
factorial feeding trial was conducted. Nine diets were prepared with varying protein levels (36%, 39% and 42%) and
lipid levels (6%, 8% and 10%) to evaluate production responses, including growth, feed utilization, body composition,
and activity of digestive enzymes. The diets, labeled as P36L6, P36LS, P36L10, P39L6, P39LS, P39L10, P42L6,
P42L.8, and P42L10, were fed to 9 triplicate groups of fish with an initial average body weight of 8.59 g for 60d.
Weight gain rates (WGR) and feed conversion ratios (FCR) of fish fed diets with protein levels of 39% and 42%
(P39L6, P39L8, P39L10, P42L6, P42L8, and P42L10) did not show significantly differences among treatments
(P>0.05). However, fish fed diets with a protein level of 36% (P36L6, P36LS8, and P36L10) exhibited lower WGR and
higher FCR (P<0.05). Protein retention (PR) of fish fed diets with one level of dietary protein were not significantly
different, but fish fed diets with a dietary protein level of 39% (P39L6, P39LS, and P39L10) had higher PR compared to
those of fish fed diets with 36% dietary protein (P36L6, P36L8, and P36L10). PR were not significantly different
between treatments of fish fed diets with one level of dietary lipid and dietary protein level of either 39% or 42%;
Viscera-somatic index (VSI) positively correlated with dietary lipid level (L) (VSI=0.223L+4.611, R=0.746, P=0.000).
Whole fish body lipid tended to decrease with increasing dietary protein level and increase with increasing dietary lipid
level. Fish fed diets with a dietary lipid level of 6% (P36L6, P39L6, and P42L6) had lower muscle lipid compared to
those fed diets with 8% and 10% dietary lipid levels. Fish fed diets with a protein level of 36% (P36L6, P36L8, and
P36L10) exhibited higher intestinal amylase activities compared to those fed diets with higher dietary protein levels.
Intestinal protease and lipase activities were not significantly influenced by dietary protein level, lipid level or their
interaction. Based on these results, it can be concluded that a dietary protein level of 39% and a dietary lipid level of
6% are suitable for maintaining good growth performance and feed utilization in the trial fish. Low dietary protein and
high dietary lipid may lead to additional body lipid deposition.

Key words: Dietary protein; Dietary lipid; Growth performance; Body composition; Digestive enzyme activities;
Culter alburnus Q@ x Megalobrama terminalis 3
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