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ol e AL T 9 R DAL ARy 8 a2 T 5 1S ) 9

L MRS AEAL o R 91 GRDRE AR 197 Y 5 4

1.1 seEefa s A ARDEE HRORELIG 107 #) &5 B R — B mh R
P T 45% F130% BT G R BRIGUS I 15 5 1RDRL Pl 7 SR IR A 1 i AR

BRI S EOREEAMIORE AR 2 M —2 AR IR TR R DR AR A e T 5 1S Y

HYPEE A RIS Y, BH 4 MERFRENE PRI ES RN,

Aok, AR ZH R0 28 R 5 Al LR 1 R 2

F1 EARETRERAS D ( %TEE)

Tab.1 Formulation and proximate analysis of diets ( % dry diet)

. T ¥l Diets
JEUR} Ingredients
F45S8C8 F45S8R8 F30S17C17 F30S17R16

[& % i3 constant ingredient 17.00 17.00 17.00 17.00
[ 7= £21 493 * domestic fish meal 45.00 45.00 30.00 30.00
% f2 5 dehulled soybean meal 8.00 8.00 17.00 17.00
E K H corn gluten meal 8.00 0.00 17.00 0.00
FAKFE M rice protein meal 0.00 8.00 0.00 16.00
o-JEHS a-starch 7.50 8.00 3.00 4.00
£y fish oil 0.00 0.00 1.50 1.50
K5 il soybean oil 4.30 4.00 4.00 3.50
TR — A 45 calcium biphosphate 1.00 1.00 1.70 1.70
SRR Z R crystalline lysine 0.00 0.00 0.50 0.50
SRR MR crystalline methionine 0.05 0.03 0.20 0.15
WA # zeolite powder 9.15 8.97 8.00 8.55
AR taurine 0.00 0.00 0.10 0.10
St total 100. 00 100. 00 100. 00 100. 00
HERS2H 434387 proximate analysis

MM )F/% crude protein 49.39 50.56 50.10 50.43
HNEHT/ % crude lipid 12.00 12.00 12.05 12.02
g/ (MJ/kg) gross energy 18.09 18.21 18.87 18.61

TE AR} FA5S8C8 & . Mk 45% , 25 [ Wik 8% , ToKAE 1 8% ; FASS8R8 & Ml 45% , 25 e K1 8% , KA 8% ; F30S17C17 4 . ff1
3 30% , 5 GHI1T% , BAKRE M 17% ; F30SITRI6 & 418 30% , L G M1 17% , KoAKEH 16%

PR I (% TR URA,3.005 Aok, 3. 005 MY,4. 005 S ERY, 1. 505 KRN, 2. 50; BERFRE,0.50; S48,
1.00; 2§ **,1.00; =% "% ,0.50

* 24 (1U 5% mg/kg TAaH}E) (48252 A 16 000 TU; 484225 D, ,8 000 1U; 42 K, ,14.72; 4i/E 2% B, ,17.80; 4i/E % B, ,48.00;
YL 2 By ,29.52; 4R 2 B, ,0.24; 4E4E 2 E,160.00; 4E4E 25 C(35% ) ,800.00; HHRNE,79.20; 12 R4S ,73.60; HHiR,6.40; M,
0.64; JJLEE,320.00; SALIA%, 1 500.00; L-F§H,100. 00

* 1 2 (mg/kg TAAEL) 4 (CuSO, ) ,2. 05 £F(ZnS0, ) ,34. 45 4 (MnSO,) ,6.2; #:(FeSO,),21. 1; i (Ca(105),),1.63; i
(Na,Se0;) ,0. 185 %f(CoC,,) ,0.24; £ (MgSO, - H,0),52.7
Notes: * Diet F45S8C8 containing: 45% fish meal, 8% dehulled soybean meal, 8% corn gluten meal; Diet FA5S8R8 containing: 45% fish
meal, 8% dehulled soybean meal, 8% rice protein meal; Diet F30S17C17 containing: 30% fish meal, 17% dehulled soybean meal, 17% corm
gluten meal; Diet F30S17R16 containing: 30% fish meal, 17% dehulled soybean meal, 16% rice protein meal

b Constant ingredient (% dry diet) ; shrimp meal, 3.00; wheat gluten meal, 3.00; spray-dried blood cell meal, 4.00; squid viscera meal ,
1.50; soybean phospholipid, 2.50; brewer’s yeast extract, 0.50; vitamin premix * , 1.00; mineral premix* *, 1.00; chromic oxide, 0.50

* Vitamin premix (IU or mg/kg dry diet) ; vitamin A, 16 000 IU; vitamin D3, 8 000 IU; vitamin K3, 14.72; thiamin, 17.80; riboflavin,
48.00; pyridoxine, 29.52; cyanocobalamine, 0. 24 ; tocopherol acetate, 160. 00 ; ascorbic acid (35% ), 800.00; niacinamide, 79.20; calcium
-D-pantothenate, 73.6; folic acid, 6.40; biotin, 0. 64 ; inositol, 320.00; choline chloride, 1 500.00; L-carnitine, 100. 00

** Mineral premix (mg/kg dry diet): Cu (CuSO,), 2.0; Zn (ZnSO,), 34.4; Mn (MnSO, ), 6.2; Fe (FeSO,), 21.1; I (Ca
(105),), 1.63; Se (Na,SeO5), 0.18; Co (CoCl,), 0.24; Mg (MgSO, - H,0), 52.7
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x2 ARPIBEBRARST (% TR

Tab.2 Analyzed amino acid composition of diets ( % dry diet)

1A%} Diets

AR Amino acid *

F45S8C8 F45S8R8 F30817C17 F30S17R16

W G He 2 essential amino acid ( EAA)

SR Thr 1.97 1.95 1.82 1.83
AR Val 1.95 1.91 1.87 1.82
R Met 1.36 1.35 1.35 1.36
S a1 e 1.51 1.43 1.40 1.34
FLER Leu 4.07 3.79 4.55 3.75
HTAE R Phe 2.29 2.24 2.43 2.44
ZH &R His 2.02 2.17 1.97 2.13
151 Lys 2.99 3.12 2.98 3.07
KR Arg 2.63 2.82 2.44 2.93
AT IR Sk total EAA 20.79 20.78 20.81 20. 67
JE T2 KL none essential amino acid (NEAA)

4R Pro 2.21 2.05 2.53 2.13
RAHETR Asp 4.59 4.76 4.39 4.76
AR Glu 7.27 7.15 7.88 7.63
225 R Ser 2.20 2.22 2.32 2.38
H4 R Gly 2.33 2.42 2.10 2.32
AR Ala 2.94 2.87 3.03 2.76
Mg Cys 0.50 0.51 0.55 0.54
W% SR Tyr 1.63 1.64 1.71 1.73
AT A IR A B total NEAA 23.67 23.62 24.51 24.25

T AT R B

Notes: #* Tryptophane was not determined in this study

S ek 1 4« S 0 DR 2k B IS A 80
B, 2 HH R G S G, i &K, RS 1
5o FAHPRIALHI B EAZ 3 mm, K 5 ~6 mm [
%7 ,110 C#fk 15 min J5 1 50 CHETF,F -20 C
UGBV EEEIE
1.2 FEXBWMIZITSRFEE

ScE A ENTE IR ARG (T F
RGP R BR A W) 47 0 2 A 54k
ORI T AR i R A R ) AR 77 R Al K
R By fa fm) L CHLER B 5 &5 £ Dy 48% , MR i
TREN11%) ., YHLIEH e, 2 24 h YLK
AR, P (A A% gk A 5T A I Y AR AT )
HGFRE ST, 4% 4 PEDEAL L, DR E 3 A4~
52, BENLA LS 800 L /KA | A KA R0 4
PR 4 (58.69 £0.07) g (Y550 25 &, TR
T B 2 YR (8:00 F116:00) . FIH RS
PEER K 22520 RO A0 3 0, 5 28 Gl 2E W v AL A
SHNR K AL B K IR A T (27 = 1) °C, pH
H(7.2£0.2) , ZA/NTF(0.15+0.05) mg/L, A
[F] 7 78 405 SR EL RO IR . FR A 2 B 8 53
d,

1.3 BEARES5HH
1.3.1  FENCRAE

FRAH S I AR B LA 15 AT - 80 C
PRAE, TR AEA ARG 5 B o SRR 64T 2
JJES M LEE (77 e S 2, JRA Lm0 4%
WA, SZIG AR Fr 24 h, iRk RE Y fa R BORN
SR, REKAERE LA 12 RS I £, I R
KARpa, Hrp 5 BE T -80 CRE, H T4
AR o B, FoAx 7 BT R, 4 B 9 Ik
FFENEHFRE , B2 B SR T -80 CF
TRAE, 0T LR 2 80 53 B o B /K R B AILER 10
i R kI 1 mL, o 5 R 8 A9 K
INANFREPUEE, H T MR A8 b s 55 5 B
MR T 4 C T HFE 4 h J5, 5.0 (836 x g, 10
min, 4 °C) , B H T REE bRl 2 .
1.3.2 Faph e f R A L o3 M

Tk Al LR FNZEAE A 20 B ik an T
T 15 LR 2 AU ( Kieltee 2300, FOSS, F13)
DSE 5 7K 43R F 105 °C i i - 2% 35 vk 0 2 5
o3 R E i (b S 3R A 24 |, SX24-10)
T 550 C R LYBEIEDAE 5 RDRPFELAR 107 (o0 5 R
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FICHRWT I 1L (SOX416, Gerhard , FE[E) Ml 7
St AL P A RLG 17 2R JF 20005 - PR e i st
Tk S RE B AU B Y (6200, Parr, SE[E) I
JE 5 i) BLFIZEE P ) Cr,05 >R Al DIVAKARAN
2T 7 B R 5 TR R 1 2 R R R R 1 B
SPHrAX(S433D, Sykam, fEE) s34,
1.3.3  JER ek e ie fe b ot

SR FH B b 32 00 5 355 9 R TS . SR
XU MR 00 2 L7 4 P i IV AT
P E 2R FH 28 MR AR A MA A 0k
1.3.4  IM2AAERI T

I 2138 1 3 1 2R ARUAb = Bk 40 D 6 2 vl
[E LI %8 R ) Wintrobe 35 (2 264 x g
BO) MsE 0PI Natt and Herrick 3180 ) %
IR B 200 A% )5, A IMBR TRt 1552 40 il
1.4 HELAX

S, = 100 xN,/N, (1)
Sy HAFIE R (% ) N, HEKRRBEGN, HY)
IR

S =100 % (In W, —=1n W,)/D (2)
K S AFRFE AR (% /d) s W, RERIK
(g) ;s W, IWIRIRE R (g) ;D AT KA.

F,=F, [N N2 (3)
L F o RAEE R (g); F, NiEHEA R
(g) 5N, NAKEBEGN, AVIG R

FER:(Wz_WO)/Fd (4)
o Fog MR AR W, AARIE TR () 5 W,
NIRRT R (g) s Fy A RHEA R (2) o

PER:(WI_WO>/FP (5)
K P N EE F TR W, WAKRAKT R (g) 5
W, AP IR & (g) 5 F, A8 AR T T &
(2)o

Ape = 100 x [1- (C/C,) x (C,/C,) ]

(6)

KAy BT BRI E (% ) C, HZEE
HE SRS i (% ) 5 Co N IERH S SR &
(%) ;C R Cr,0, & (%) ; C 2l
H Cr,0, (%) o

Py, =100 xD /F, (7)
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K Pog AE AR ZE (% ) 5D, AR E AR
DI R () s F, HIRAREHRE(g) -

Loy = 100 xD/F, (8)
A Lo AR (% ) 3 Dy RGN AR i
w(g) )y AR & (g) o

C.= W/L’ (9)
Kb Cp MBI (g/em’) s W, Mt it (g) ;
Ly, FEK (em)

HIS = 100 x W,/W, (10)
o HST AL (% ) s W) R RTFIEBTE (2) o
Vy= 100 x W./W, (11)

VIR (% ) s W, NIRRT R (g) o
1.5 H\AEMGEIT ST

SIS TN A 1 B s Ry T E + BRifE iR
(Mean = SE), R SPSS 20 X $di 47 W H 2
J577% 50 #F (Tow-way ANOVA) , B ZIKFEH P <
0.05, H Duncan’ s ikt 2 E 2R B E M
L3J8

2 4k

2.1 2HEYEEAREEYEREMBITEK
RAARF A E N
BRGNS EREAMAKREAAS
JE s AT AR AR T R 1T B A AR K R B R
FEVIBT AR 52 WL 3 3 ~ 5. 45 il e} i) 52 4%
MG T E M (P >0.05) . 30% ik
MARE R FEdERKRENEERRER T
45% FaRp 2 (P <0.05) , i 4] f % | B sk
R RUTER g TUBUR 8 (A 5 LR A
SVEIEIR TH AL RAE 2 S R KOV Z [RGB 35 b
ZR(P>0.05), 12 PAFEMPKET, Ek
AR R BRCRE R H R R
R UTRUR R R 2 MR I AL 2 0 2 s T ROk R
HA(P<0.05), M B &K T IOREAL
(P <0.05) , T K E 1141 A ROK 85 71 41 1] SE 56 fa
LA R AR KR AR SR
IR I AL 32 R 22 R T A R TE i 25 ¢ (P >
0.05),
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F3 2HEVEEARESYEREMEFEKERNP I ( FHE + i7EIR)
Tab.3 Effect of fish meal replacement by two plant protein mixtures on growth performance (Mean + SE)
F847 Index

P
ik B W% SRR MR (%)
Initial body weight Survival rate Final body weight Specific growth rate
F4538C8 58.69 £0.07 100.00 £0.00 119.87 +0.24" 1.35+0.01"
F45S8R8 58.68 +0.11 98.67 +1.33 116.13 =1.54" 1.29 £0.05"
F30S17C17 58.72 £0.06 100.00 +0.00 125.87 +1.90° 1.44 +£0.05"
F30S17R16 58.65 £0.06 100.00 +0.00 126.73 +1.99* 1.45 £0.05*
45% ftfjy 45% fish meal 99.33 117.29" 1.31°
30% fti ¥y 30% fish meal 100. 00 126.78* 1.45*%
E K H corn gluten meal 100. 00 123.23 1.40
KA H rice protein meal 99.33 120. 80 1.36
s
1Ay &1 fish meal level 0.347 0.000 0.000
THYE IR plant protein source 0.347 0.095 0.103
A2 HAER interaction 0.347 0.156 0.135

T : FIFVEUE A A AR EAR TR R 22 53 35 (P <0.05) , T 1]
Notes: Column values with different superscripts indicate significant difference (P <0.05), and the same below
®4 2HEYEEARREAVERENTAMERRF ANZIE( EHE £ REIR)
Tab.4 Effect of fish meal replacement by two plant protein mixtures on nutrient utilization (Mean + SE)
5#5 Index

Bk

1 o] 2o/ N . N [y N = N

Dﬁ‘llji HER/ (g RBf) TSR EHEFRCE AR % JEWITAR R %

a Feed intake Feed efficiency ratio Protein efficiency ratio Protein deposition rate  Lipid deposition rate
F45S8C8 64.80 +0. 18" 0.94 £0.00* 1.91 +0.01° 35.34 +0.10° 50.82 0. 14
F45S8R8 67.31 +1.60" 0.85+0.01" 1.68 £0.02" 31.55 +0.74" 46.49 +1.10°
F30S817C17 69.79 +1.78" 0.96 £0.01* 1.92 +0.03" 36.07 +0.91* 48.45 £1.22%
F30S17R16 81.10 £2.55° 0.84 +0.01" 1.66 +0.02" 30.98 +0.95" 47.14 +1.44"
45% 171 5y 45% fish meal 66.06" 0.90 1.80 33.45 48.66
30% fa§ 30% fish meal 75.45° 0.90 1.79 33.53 47.72
E K H corn gluten meal 67.30" 0.95* 1.92* 35.71¢ 49.63*
FOKAR [ rice protein meal 74.21* 0.84" 1.67" 31.27° 46.82"
. MR R T5 225307 (P {H)

SRR 2 factors
SN factors two-way ANOVA (P)
fa K A fish meal level 0.001 0.790 0.868 0.916 0.452
HPITEECR 0.004 0.000 0.000 0.000 0.033
plant protein source
A HAEH interaction 0.036 0.157 0.416 0.418 0.206

22 2HEVEEARESYEREaM T EHE
£H R B 8 i

26 N, A FLIA LA 5 AR D
KRR £ IR 2557 N2 (P >0.05) . %
7 ] L, S f ) R R R4 b A R 22 R
BE(P>0.05), 30% fakyed iR L B & & T
45% a2 (P <0.05) . 7E 2 A [A] fa 55 K F-
T, FRER U AIROK B P A4 HE 1 52 i) 25 57 A
B2E(P>0.05),
2.3 2HEYEEAREBEEYEREMTIES
R4 R IEFRA R0

Nk 8,30% £0 5y 28 114 M08 5 A It 3% 2 AR I
BEASEDFEE T 45% a4 (P <0.05) 1

KR TN R B 11 68 ML 595 7 A D 13
B RIENER R EE(P>0.05), 45% fi
WYL LI RV 14 2 5 F 30% FUR 4L (P <
0.05) ,{H7E 2 AR ok KF I R A
o DR KB 11 R ROK B IR [ 7 7 A 2
(P>0.05).
2.4 2HENEEARESYERE M M0
AT B

NFE O AT LI, 21 0 SR 21 40 e TR
G112 ARG (P >0.05) . 45% fky AL LT
R R T 30% fU 4L (P <0.05) , E K
B PRROK B X L2 1 8 BB 22 A
LE(P>0.05),
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x5 2HEYEZEAREAYEREMNERRMIERE LRI (FHE £ RER)
Tab.5 Effect of fish meal replacement by two plant protein mixtures
on digestibility coefficient of protein and amino acid (Mean + SE)
FEF5 Index
Tk} Diets HEBHLR % SAIERIE R % HARMER % BRI %
Protein digestibility =~ Total amino acid digestibility Methionine digestibility Lysine digestibility

F45S8C8 88.98 +0.37 90.99 +0.45 92.72 +0.08% 93.79 +0.56
F45S8R8 88.30 +0.81 90.40 +1.12 90.58 +1.21° 94.75 +£0.62
F30S17C17 90.39 +0.85 93.06 +0. 64 94.77 £0.46" 95.13 £0.45
F30S17R16 86.25+3.10 90.57 £0.97 90.61 1. 16" 95.30 +£0.47
45% fi1 Ky 45% fish meal 88.64 90.70 91.65 94.27
30% £ 43 30% fish meal 88.32 91.82 92.69 95.22
T A H corn gluten meal 89.69 92.02 93.75% 94.46
FAHEH rice protein meal 87.28 90.49 90. 60" 95.02
2R 2K factors X%ff%ﬁg‘f; fﬁ)
i3 & 1 fish meal level 0.851 0.267 0.326 0.122
Z?jﬁ %r%ei{iurce 0.187 0.141 0.015 0.332
A HAEM] interaction 0.331 0.338 0.340 0.490

®6 2HMEYEEARRESVEREMNTEERARBHINE( FHE £ fREIR)

Tab.6 Effect of fish meal replacement by two plant protein mixtures on the body composition (Mean + SE)

JEF5 Index

Fele
Sfi MU A B/ % ML 5/ % IKEY % KA %
Crude protein Crude lipid Moisture Ash

4>t whole fish body
F45S8C8 18.49 +£0.06 6.46 £0.29 72.41 £0.52 3.88 +£0.07
F45S8R8 18.67 £0.49 6.53+0.22 72.03 +£0.25 4.18 £0.11
F30S17C17 18.76 £0.33 6.06 £0.17 70.39 £0.96 4.31 +£0.15
F30S17R16 18.64 +0.08 6.76 £0.49 69.91 £1.41 4.24 +£0.13
45% 1 1) 45% fish meal 18.58 6.50 72.22 4.03
30% fh.453 30% fish meal 18.70 6.41 70.15 4.28
F A H comn gluten meal 18.63 6.26 71.40 4.10
FAHE H rice protein meal 18.65 6.65 70.97 4.21
BMBAR factors Xt/?vlflizi Z;gj\vjfi((})ga ))
184 25 1 fish meal level 0.700 0.789 0.051 0.074
THY 1 B plant protein source 0.940 0.266 0.648 0.364
A HAEM interaction 0.631 0.357 0.954 0.147
LA muscle
F45S8C8 20.84 +0.40 2.23+0.05 77.31 £0.37 1.32£0.02
F45S8R821.16 +0. 18 2.24 +0.07 78.45 +£0.24 1.29 £0.02
F30S17C17 21.12 +0.16 2.23+0.04 77.52 +0.37 1.31+£0.01
F30S17R16 21.21 +£0.06 2.53 +£0.30 77.47 £0.46 1.30 £0.01
45% 111§} 45% fish meal 21.00 2.24 77.88 1.30
30% f.45 30% fish meal 21.16 2.38 77.49 1.30
FE A H corn gluten meal 20.98 2.23 77.42 1.31
FAFE H rice protein meal 21.19 2.39 77.96 1.29
2 R 2 factors %iﬁg%ﬁg% I(JIE%>
10Ky & i fish meal level 0.511 0.379 0.326 0.830
TP B 5 plant protein source 0.410 0.359 0.182 0.108
2 HAEH interaction 0.627 0.379 0.147 0.529
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®7 2HMEYEZEARRESWEREMIILHEE ATELFBEA LN ( FHE = iREIR)

Tab.7 Effect of fish meal replacement by two plant protein mixtures on CF,HSI and VSI(Mean + SE)
J5F5 Index
Tk} Diets JE 1/ (g/em®) JFA L/ % JUEA EL/ %
Condition factor Hepatosomatic index Viscerosomatic index
F45S8C8 1.96 £0.03 1.72 £0.17 6.33+0.11%
F4A5S8RS 2.03 +£0.05 1.81+0.13 6.02 £0.22"
F30817C17 2.02 +0.02 1.77 £0.11 6.72 +0.20"
F30S17R16 1.95+£0.02 1.57 +0.10 6.56 +0.15*
45% fi1 Ky 45% fish meal 1.99 1.77 6.17°
30% fa k3 30% fish meal 1.99 1.67 6.64"
T KHEHE corn gluten meal 2.00 1.74 6.52
FAFEH rice protein meal 1.99 1.69 6.29
2y

WMHE factor vy ANOTA (3
K& i fish meal level 0.958 0.458 0.010
kb 0.688 0. 694 0.193
plant protein source
ZHAEA interaction 0.041 0.285 0.677

®8 2HMEYEEARREAVERENNIEFFEREEROZM( FHE £ HREIR)

Tab.8 Effect of fish meal replacement by two plant protein mixtures on non-specific immunity indices (Mean +SE)

Tk} Diets

247 Index

I35 V5 A S 1/ (unit/ L)

Serum lysozyme activity

1358 A & #/ (mg/mL)

Serum protein content

I3 #MATE 4/ (U/mL)

CHs, activity

F45S8C8

F45S8R8

F30S17C17

F30S17R16

45% fi 4} 45% fish meal
30% ff1 855 30% fish meal
FE A H corn gluten meal
FAKFE H rice protein meal

A K 2 factors

ff 455 & 1 fish meal level
R 1 T 9
plant protein source

A HAEH] interaction

4.86 +0.24°
5.73 +0.39"
8.73 £0.21°
8.53 £0.42°
5.29"
8.63°
6.79
7.13

0.000
0.316

0.113

43.14 +1.01"
42.32 +0.23"
43.98 +1.47"
49.07 £1.39°
42.73"
46.53*
43.56
45.70
MR FETT 253871 (P AE)
two-way ANOVA (P)
0.003

0.075

0.017

364.48 +12.67°
357.96 +1.91°
323.88 +4.92°
321.31 +7.44°
361.22¢
322.60"
344.18
339.64

0.002
0.566

0.801

R 2HEYEZEARESMERENN MK FER

IR ( FHME + fRAEIR)

Tab.9 Effect of fish meal replacement by two plant protein mixtures on hematological indices (Mean + SE)

JEF5 Index

K%} Diets LTINS/ (10" cells/L) LI ERY (1/L) MmeEH/ (¢/L)

Red blood cell count Hematocrit Hemoglobin
F45S8C8 2.01 £0.01 0.36 £0.01 59.08 £2.19°
F45S8R8 2.03 £0.01 0.37 £0.00 59.08 +1.74°
F30S17C17 2.04 £0.01 0.37 £0.01 51.36 +3.13"
F30S17R16 2.01 £0.01 0.36 £0.01 52.83 £1.95%
1= Ky 45% fish meal 2.02 0.37 59.08*
I A28 30% fish meal 2.02 0.37 52.09"
E K H corn gluten meal 2.02 0.37 55.22
FAFE H rice protein meal 2.02 0.37 55.95

] yA

1153 & 1 fish meal level 0.766 0.757 0.005
AR R 0.554 0.792 0.753
plant protein source
A& HAE ] interaction 0.063 0.221 0.753
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3.1 EYEEARERENaXEKTEE
A

AWFFE RN, 2 AP B TR S YR
TR 173 i faoy (B il 45% BE R
30% ) , S50 i 1 2R 45T B R S AR K 40 )
P& T 8.10% F1 10. 70% (3% 3) s & FIILIA Y
FHEE BT DRI T K 3 K 53 TG b 35k 2 e (3R
6). TEAEES (Hemibarbus maculatw) '™ 2 ¥ 5 5
( Cynoglossus semilaevis Giintuer ) 8 EE Oy b
( Silurus meridionalis Chen) "™’ (B3¢ v % PR,
Py s s, AT AR AR R e
AR, LIRS HYE A (GRS ok ) 240
25% ¥, 1685 ( Lateolabrax japonicus ) A1 V4 {H F
W4 (Acipenser baeri Brandt) ) AR A4 5T & 35 /& Tt
BRZL (k) 5 it 56.88% )™, RIMIVERE R
A FE X A B A S e S R A G i
AR S 23 5 e AR 1 2H 8 R AR g (HL
maculatw) " HF5E % B, AR E AR 50%
R AT LA L PA) 1) A B S (R AR
75% feoRy I, 582 e (A L R AR R 1 BRI
Be it , 28 585 (C. semilaevis ) 5 14T € 7
Tt ( Takifugu rubripes) ') 3 5 BUAR LI A 25 5 .
3.2 EYMEARKENEZEREMIRNZ N

AW R B, EARE A AN ERRCR EE
AR IR R B35/ T RORE B H (&
5FI 6). PORTZ 5 B3¢ % B, K 11 R b
(M. salmoides) % F K F 14 2 1 5T 2 WL AL %
e T AR R R BT SR T A5, 0 TR OK B A
RIR SR AR AR5 O AR L TG B 3 1 25 7o
AL UL 7R R RS R ORI L ROKR B A A
WoEony B AR R W i X 4B B (L
japonicus) ' (ST R , B KB EE 15% ~
30% {5 Bl R A AR I, FRDRESCR AR BT AL
RBEZ It m. B ROk WK 45 & A 7E a6y
( Oncorhynchus mykiss ) Tl FP REEF X 36. 8% 1) fa
B RECR AR KR Z B R,
DR 1 R R AN [ s 522 o G5 A #1453 8 )
B R R,
3.3 EYMEARERENMIEFRERZEH
I & F R R B 01

AT R A B R R 5 S5 Y
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LT AT IS P R ALY A 1 e S e (ELI
TEAMA 2 FRAR (55 8) 5 W] M 2148 1 & =t (i
FREAR(R9) o HABAY T TSR H , i 375 1% 12 i
TE PN 2 5 52 B k) b/ IR 1
i R S R AGUE SR A R, R
S b T IR A A R, 7T DA 2 4 R A
LT 2 B PR M 3 A A D . T
Yy EE VR P E SR R 0 A AR R B o R IR
SR RS B 52 R AT BE S I Y o X R 1 R B (M.
salmoides ) "' FIHT 85 ( 0. mykiss) " [BF5E & 2R,
LR AT 75 R (0 I A T T L Y R
P AL 2 P S A 3 ) DT R
H KR 13 2 R AR i) DUAR i PLG I X
(L. vanname ) P A LA Hh v B8 085 1 % L
LGSR 7 i ( Takifugu obscurus ) TR Sk B A1
TR LH AU s T B Y o PR ARG R
ORI OR R A B RO R R T R
B HAN , A ) TR P B — A R
(R3S B 08 % PR X0 B 948 2 R LV 7 7 A B AN
RS2
3.4 Zig

AHIF 78 HE F 0 S a0 AR KRR IR
YR AR S 1 G g8 R Y A A8 AR PR AL A
LRI A T TR R it A 0 5 B BE IR () P ) T 25 2
RS S FOR R B RROK A R A
AR BIR Tl P S LR B AME P, (A5 11 SR B 4 ) o
f ey S e 45% (% % 30% 2T A, &
B GRS FOK R A B IR A Y  2 ACROR AR
TEEOGHMERKEAARMEGY . APF5R
45 AT Ay TC T e 200N 28 B 118 DR 11 TR B G 5 e
RS
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Study on replacement of fish meal by two plant protein mixtures in diets for
largemouth bass ( Micropterus salmoides )

WANG Mengle', CHEN Naisong' | LI Songlin'**, LIAN Xueyuan', YAN Chunwei'

(1. Research Center of the Agriculture Ministry on Environmental Ecology and Fish Nutrition at Shanghai Ocean University,
Shanghai 201306, China; 2. National Demonsiration Center on Experiment Teaching of Fisheries Science at Shanghai Ocean
University, Shanghai 201306, China; 3. Shanghai Engineering Research Center of Aquaculture, Shanghai 201306, China)

Abstract: Four isonitrogenous and isoenergetic diets were formulated to evaluate the feasibility of partial
replacement of fish meal by two plant protein mixtures ( composed of dehulled soybean meal and corn gluten
meal or rice protein meal, respectively) in 45% fish meal diet and 30% fish meal diets for largemouth bass
( Micropterus salmoides). Fish [ initial body weight (58.69 £0.07) g] were fed over 53 days. The results
suggested that there were no significant differences in survival rate among all treatments (P >0.05). 30%
fish meal diets-fed fish showed higher final body weight, specific growth rate and feed intake than 45% fish
meal diets-fed fish (P <0.05), while feed efficiency ratio, protein efficiency ratio, protein digestibility and
total amino acid digestibility showed no significant differences between 30% fish meal diets-fed fish and 45%
fish meal diets-fed fish (P >0.05). The fish fed corn gluten meal diets had a significantly higher feed
efficiency ratio and protein efficiency rate than fish fed rice protein meal diets (P <0.05), however, feed
intake with fish fed corn gluten meal diets was significantly lower than fish fed rice protein meal diets (P <
0.05). There were no significant differences in concentrations of crude protein, crude lipid, moisture and ash
of the whole body and muscle among all the treatments (P >0.05). Fish fed 30% fish meal diets had
significantly higher serum lysozyme activity and serum protein content than fish fed 45% fish meal diets (P <
0.05), but no significances occurred between corn gluten meal diets-fed fish and rice protein meal diets-fed
fish (P >0.05). No significant differences in red blood cell count and hematocrit among all the treatments
were observed (P >0.05). It can be concluded from this study that in the diet for largemouth bass fish meal
inclusion level can be replaced from 45% to 30% with the mixtures composed of dehulled soybean meal and
corn gluten meal or rice protein meal. The mixture containing corn gluten meal has a better substitution effect
than the mixture containing rice protein meal.

Key words: Micropterus salmoides; dehulled soybean meal; corn gluten meal; rice protein meal; growth

performance ; non-specific immunity index
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