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o 37 %

Xof G F4 AT R SR BRI R AR AR SR
HERERNZER.

K B ( Micropterus salmoides) , X 44 1N
fyifiy R ) B PE 2. Tidwell 453
P A S ) A R AR 1 PR ) b £k 19 F
FEAT L, A SOR R A T R B 4y £ DR b £ R
1 L 52 30 R, 8 PR AT L 5E A AR R
Fopr e ot s W R AR R B B 5T B A i
sk ep = ] LU 10% 1) & BE SR . 3% A
TR B 1] Ay R AT AR PR A
Rty 8 B B & i 11, 58% I, R H R B iy
B R g o ARSI PR IBCOE BT OB VR DR Y 2
BLE PR 2 R ORI R i SR AT N 4 ROk P
FOTE FE L IF LA 58 it A 0 ik 1R ) 8 4% o 0 ik TR 1Y
-7, T AR 8 b AE AL L S RE TN A IR A S5 00 1] R
38 2o A K SIS PR AL A R TC B B ARDRsE X R 11 B i 4
AR AR DR KR R S e g I VR
FARARARZ W, LU € B ok 5 R R S L A
083 55 It A S2ORE Y 3 R BL, [RDERE 6 2 B SR A
Tit A SRR ) T AR R AT O, Ry e IBOAS ) b 28
1) 2R AR BT o 1 T AT 1 R AR A, AT
28 0% A R K 1 R B g e i TG G R Y
Hil et 2%

1 MRSk

1.1 JFERAn 4 a R #

JIT {8 P 0003 SR A0 B 1 R (7 T 95 )
i) M E A S & 65.07% , KL D &
N 8.22% MK AT & e 19. 44 % 5 VR
A& N 12.08 mg/100 g,

JIrfsE I Y 25 K SR (DSMD) J5URE R A [R] — it
W MR ORI (EDSM) 1 10 12 BEBR TS b 45
7 AT o A PR T 2T 4 3% I 5l R SR
il F1 o= FLH B (I8 R 0 R A W) AL ) HE
X B GRS i 435 o 100552 16,5 .80 Al
0.8 U/g, ¥ HGIR & 5 W f#7E pH 2 5 19 0. 2
mol/L BEWR — B B2 #h 22 vh i v, oS i 31 25 B2 kA
Hl A K B 50% R A A, FE K T HR R
50 CE L FE 45 min, i L 58 53 SO, 8 i K I
ok A OV S T 50 C R LT A . AR S xR
1 25 2 LR 2 O T AT AR B (RO S ak
il 35 o KRN, 5 2 B GORAAH L T A 90RA Hh A
M A 27 4 0RO B iR R 4 i) ik 25, 00%
36.93% Fl1 42. 80% , i Ji7 W 14 B T 3 I 2 Gk
93.7% , % bR AbFR IS 0 2 Bz SR RN R SR Y
RERS 53 o B i an & 1,

®1 EREMMBEEZHERES SR

Tab.1 Proximate analysis of dehulled soybean meal and enzyme-treated dehulled soybean meal

JE HMEA/% MEEN/% MKY/% MY/ % K/ % TRBR LY/ % &AE/(K1/g)
ingredients crude protein crude lipid crude fiber  moisture  nitrogen free extract ~ gross energy
AR
AREM 49.11 1.10 6.24 5.74 7.49 30.42 17.41
dehulled soybean meal( DSM)
it gt S
enzyme-treated dehulled soybean 48.55 0.88 6. 3.62 8.52 32.14 17.61
meal( EDSM)

8 Fift S5 R S A R 5 I A S 56 ) TC 5 e #E
WL RN 20 LA 5% X5 B2 BRI D1 ARDRL A X
W& EL A Al % R 2 U R DL R 5% 11 &
B2 K1, D2 ~ D4 fil E2 ~ E4 falkHp 5 2 B R
TR A 20 5 U AR v A U T D20 1) 5 %
(SREER ) O R RS Il Tk S NS e v ok R ]
1S B A B i 0 A2 A 5 KR B T R T e R
HORLIR 7 19 35 B AN iy ORI SR AL A
PR IEIR , LAY A GRDRHE) F fa0k | 25 B2 R Bl
fifp SR 5 A8 AT 5 | Y TR 28 R R 2 Y A
A, fi 2% ADRE v 25 b 28 FE R Y 5 B IR — 2.

TPE 1 A A AR 0 TC AU A DR A AE [
—IKFo LLO.5% 1) Cr, O, 1 g 45 7% 57 LA 5 AH
P D SRR (S

oo R IR I« D B 2 TR T R 5%
14 K BRI S R HE T 100 A5 1Y) 95% 1 T K
OEIARF R I R B R RS S e RS
T 60 CHET G M iE T

S AR A < R AR JEURHR T )5 i 60 H
it , A AL R A IS E N 35% 197K 43 FRRIR A 1
5o JHHRBIZAHLH B EAR 2 ~4 mm AR, %
RIG YIRS ~8 mm HYRORL, T -20 C R ARFFRHT .
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1.2 FELWHIRITNEFEE

S I ORI PRl T IS DR R 3
T A TR AR R A N SR A AR G
A, AL 9 15 5] WL 98 A U 4RDRHA BRZA W A HY

KR, A KR SR 200 B AR R O (5. 32 =
0.05)g WysLdu i 35 B RMEMMEHRR,
KA 2 Y (8:00 H116:00) . FRIH R G KA
R 20 R A0 3 98, HF REAT FAMT K AL B 52

KRB B g R (R AL E B B R = RIIRERICA A KR PRI TE (28 £1)C ,pH

45% ) o WMk 2 JH )5, 2 UE 24 b, PRIk RS G
PRI (Y S AT AR T 70 4 . SEg fadl 8 1R

H(7.2£0.2) , %A H(0.15 0.05) mg/L, A il
Wr e <o RS R A RREE 63 d.

BHE R B4R R 3 TS BEHL AT BCF) 24 4 800 L

#2 LREREE S R AS ST (% TR

Tab.2 Formulation and proximate analysis of trial diets( % dry diet)

A} diets D1 D2 D3 D4 El E2 E3 E4

[& & 43" constant ingredient 22.60 22.60 22.60 22.60 22.60 22.60 22.60 22.60
[ £ §} white fish meal( WFM) 45.00 40.00 35.00 30.00 45.00 40.00 35.00 30.00
25 [ Tk dehulled soybean meal 5.00 11.62 18.25 24.87 0.00 0.00 0.00 0.00
[iff fi# 52 k1 enzyme-treated dehulled soybean meal 0.00 0.00 0.00 0.00 5.05 11.76 18.46 25.16
17K #31 marine fish oil 3.00 3.41 3.82 4.23 3.00 3.41 3.82 4.23
K& soybean oil 4.50 4.42 4.35 4.27 4.50 4.45 4.39 4.33
a-JEHK a-starch 15.00 13.85 13.00 11.82 14.10 12.44 11.35 10. 12
Wb A Ky zeolite powder 4.07 3.27 2.15 1.38 4.92 4.51 3.55 2.73
AL R IR S W coated AA mixtures 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
41t total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
484y 4 #7 proximate analysis

ML H Fi/ % crude protein 44.21 44.17 44.35 44.28 44.26 44.17 44.41 44.80
MG N /% crude lipid 13.24 13.40 13.36 13.74 13.02 13.54 13.69 13.79
MK 5/ % ash 14.84 14.63 13.54 12.47 14.90 14.54 13.61 12.55
HERE/(MJ/kg) gross energy 19.27 19.30 19. 64 19. 80 19.14 19.24 19.43 19.59

T a B (% TR . EREEHR,3.505 A hiky,3.00; B NERy,3. 005 BT M BRHKY,5. 005 BEL:Ey,2.00; 2487 ,0.10; £
L, 1.005 BERESRERY,1. 005 BEER A4 ,1.005 =54k 4% ,0.50; BRI ,2.50. b @R AL RRIR G . 1Y S 1 ok R B M
S A SR R A T R 1 SRR IR A i 1 A Gl GRDRE ) A R U BRI 1 BRI A AR

# 24 (IU 5% mg/kg TR . 4E4E % A,16 000 TU; 4E4: % D, ,8 000 1U; 4ir: % K, ,14.72; 4itE % B ,17.8; 4E4: % B, ,48; 4i: %
B, ,29.52; 4% B,,,0.24; 4i4: K E,160; 4EA K C(35% ) ,800; MAFRME,79.2; ZFR45,73.6; MHR,6.4; £ ,0.64; JLEE,320;
S AL AR, 15005 L-P A%, 100,

wx Z 8 (mg/kg T4 k). i (CuSO,),2.0; £ (ZnSO, ) ,34.4; 4 (MnSO, ) ,6.2; #:(FeSO,),21.1; @i (Ca(I0;),),1.63; fifi (Na,
Se0,),0.18; 4 (CoCl,) ,0.24; ¥ (MgSO, - H,0),52.7,

Notes:a constant ingredient( % dry diet) . corn gluten meal,3.50; wheat gluten meal,3.00; squid viscera meal,3.00; spray-dried blood meal,
5.00; brewer’s yeast meal,2.00; vitamin premix * ,0. 10; mineral premix s ,1.00; brewer’ s yeast extract,1.00; calcium biphosphate,
1.00; chromic oxide,0.50; phospholipid o0il,2.50. b coated AA mixtures. they were used to regulate the amino acid profile differences caused
by WFM and DSM/EDSM inclusion levels among the diets.

* Vitamin premix (IU or mg/kg dry diet). vitamin A,16 000 IU; vitamin D;,8 000 IU; vitamin K, ,14.72; thiamin,17. 8; riboflavine,48;
pyridoxine,29.52; cyanocobalamine,0. 24 ; tocopherol acetate, 160 ; ascorbic acid (35% ) ,800; niacinamide,79. 2; calcium-D-pantothenate,
73.6; folic acid,6.4; biotin,0. 64 ; inositol,320; choline chloride, 1500 ; L-carnitine,100.

#% Mineral premix(mg/kg dry diet).Cu(CuSO,),2.0; Zn(ZnSO, ) ,34.4; Mn(MnSO, ) ,6.2; Fe(FeSO,),21.1; I(Ca(I0,),),1.63;
Se(Na, SeO;),0.18; Co(CoCl,),0.24; Mg(MgSO, - H,0) ,52.7.

1.3 HmBERSH

HaERE SRR TR R 60 B
T - 80 CRAT, T WA HEA AR AR 0 #7  FF
SESCH TG 2 JAJG 2% Lee ™ I 75 1 HEAT 26 (K
. SRS 1Y 30 min i P 1 BR AR, T 4R R
e U Ee R BISEL & S LR OV STY JE i

RAFT -20 T BANFEMENE TR G, I
RUR TR ORAT 0 T AC R E o SR 50 52 0 45
WG, L 2L 24 h, FRIBCE KRS e 8 7 S8 1A
Bt MWAEAKHEEEHLECE 15 B, b S BAY
T -80 T, T ARG R 4757 RYOH T
I E PR S s AR #f kR ML 1.5 mL, il
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o 37 %

N T4 CHE 405,280 (836 xg)10 min
WA MLE , T S e 18 AR 900 2 5 B SR IS5 1) £ i
A7 i 70, ICHE N I 141, 1 P I B 23 5 o B
L0 A AU PAT 3 g TR I O AR i, 0 i D TR
JUE A LU AA B 5 55 BB 28 07 1 5 3 UL AL DR A
F -80 C,HFNAA M. Hx3 Bk
P IE PR A7 T - 80 °C, - JF B D 5 2t 17 )
FE 5 T A% 1 AR AT TS RCSR ol AR IV S A A T

PR EAR B B AR L R G T AN
NN I R GRS 7 N N
K 105 C i HE T 2% 5 MK 20 R 5
I (LSS A F]) T 550 TR Rk I E
LA B R LR E B (Kjeltee 2200, FOSS, £+
22 ) M E ;) Rk ML g D R & IR ORR D I X
(SOX416,Gerhardt, 8 [ ) I 2 ; 4> | L A 1 3
X BRAEL G U SR R G0 — R i e AR R RLAT
4E R FH 21 4 0 7€ {X (FT12, Gerhardt, 78 & ) ll 5 ;
KRB R ALY (6200, Parr, 32 5] I 5 ; 16 B}
FIZ& 4 1 f) Cr, 0, R Divakaran 25" i J7 3 il
SE o TR AR R AT

o & A5 AT T S FH b 3t 2 00 T 9 9 TR
BG4  J10.05 mol/L \pH 2 6.2 1 ik 4h
2% K T BE AR B ( Micrococcus lysoleikticus)
Rk (P g 0 BC K 0.3 mg/mL [y B, HR
200 wL T il A5 Al 45 AL A, i A RE I O v 10wl
(1: 2% &) , J 5 4 (FLUOstar, BMG, 1£ [ ) il
£ 0.5 min X 4.5 min i} 450 nm LB OGREE ., B
B3 B WO FEREAIR 0. 001 5E SRy — AN TG 7 540
R LW G LR EnEEARSE"
R FH 26 LA A4 A 23 07 0 00 I AMATE 1

A iR F AR AR AT MK FE R BEHLE S
o, REMmRERKM 1.5 mL, 8 TS5 H R
PR T RS G T 4 CHRAFE. UL e ik
R I E M HE A &R 7 . LA Natt and
Herrick 11500 " 4 i 80R 6 200 £ )5, FH i Bk i1
BT B L A0 M . 21 40 i b 2 >R ] Wintrobe 32
(2264 x g gL ) ME ™",
1.4 H&EAK

s = AR/ (PEER + A KE

) /2] (1)
FrEE KR (%/d) = (Lo ZRIKFRE - Lo
I IR AR T ) /S5 R x 100 (2)

TR R = (BRI TR - WIiR IR D) /4%

AR x 100 (3)
BEHPUCE = (BRRF = - W iR AR )/
BARE A B x 100 (4)

EHRIEAR(%) =[1 - (EEPEARS
/R E R ) x (f R Cr, 0y Y/
FEfEH Cr,0, i) ] x 100 (5)

HEWiH AR (% ) = [1 - (F& gl & i/
Tk ) x (B Cr, O, & i/ FE

Cr,0, %) ] x 100 (6)
HEBUIRAE(% ) = 1K E B BRI/ A
Y45 BT s i x 100 (7)
REWTUURR S (% ) = K B i i B it/ 48 A BE i
H x 100 (8)

JFARLE (% ) = FBEHE/ AR T x 100 (9)

EAR L (% ) = NWIEHE/ AR B x 100 (10)
1.5 HIEAERMSEITHH

AREAE U + prifER R, R
SPSS 17. 0 X % 4f i 47 #. A K J5 22 43 #r ( One-
Way ANOVA) , i Duncan RE#HTLHEER D
FVEE, BE K P<0.05,

2 4

2.1 AEMSEREHSBREMHNELEE
RINEFEF A0

TREE R B Ol 5 25 B SR B R OR B T
BU X DR 1 5 g A A ek e S IR ) R Y
WA 3 MR 40 B kS 2 R TR B
LKA AR TC BE X A% 4 S 6 £ B R R AR E A K
RGO E MRS (P >0.05) 3 H 41k X 5
LR N R AR R B B T 5 % A 12%
R T IR AR R RORRCR 2
BF AR B (P <0.05) ;s flR & H A G i
4 91 A A I Bl T fR A A R AIR ORI 2 SR
R TR R T (P <0.05) 5 3 H R PTH
IR B ok R 2 i SOR  E 2E A 3R B
WH IS (P>0.05) HEEH H AR5 5 A
AT 2 R R 5 B A R R O
45% [EMK % 30% , D1 ~ D4 20 19 g U7 10 B %6 A
63.37% F+ =% 70.55% (P <0.05) ,E1 ~ E4 244
IR W DR AR B TE B F R 22 5 (P >0.05)  {H Al
AT R B
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R3 BEHMSEREMABREMHAOE LI ERKE M (FHE HREIR)
Tab.3 Effects of the inclusion levels of WFM and DSM/EDSM on growth performance ( mean + SE)
R 32 TR ##7 index
i 5K YA/ g LR TR/ g LT 2/ % FiSE R (% /d)
diets( WFM: DSM/EDSM) initial body weight final body weight survival rate specific growth rate
D1(45:5) 5.35+0.02 32.78 £0.78° 97.14 £1.64 3.07 £0.05
D2(40:12) 5.19 +0.07 35.74 £1.74" 98.17 £0.92 3.17 £0.09
D3(35:18) 5.37 +0.06 37.57 £1.56* 99.05 £0.95 3.10 £0.05
D4(30:25) 5.28 +0.07 39.32 £1.18% 97.24 £1.56 3.15 +£0.07
E1(45:5) 5.24 +0.05 35.98 £1.54" 98.09 £0.95 3.11 £0.02
E2(40:12) 5.28 +£0.02 39.02 £1.02% 98.10 £1.90 3.18 £0.08
E3(35:18) 5.39 +0.08 39.13 £1.05* 99.05 £0.95 3.14 +£0.07
E4(30:25) 5.46 +0.08 41.11 £1.19° 99.05 £0.95 3.19 £0.05

TE < [ S BUE  A AS R) B AR B 328 22 5 35 (P <0.05) , 1Al

Notes; Vertical column values with different superscripts indicate significant difference( P <0.05). The same notes as this one are given in the

following tables.

*4 HEHRSERENIBREMMELENERZNANZ N (FHE FER)

Tab. 4

Effects of the inclusion levels of WFM and DSM/EDSM on nutrient utilization ( mean = SE)

k(1

541 index

KR TAH/ Baa/ e HH HH B HH fig i fig i

i i 5K (/R fin) e L&A WL/ % TR/ % WA/ % VLB %
diets (WFM: feed feed protein protein protein lipid lipid
DSM/EDSM) intake efficiency efficiency digestibility deposition rate digestibility deposition rate
D1(45:5) 26.00+0.75¢ 1.27 £0.01*  2.87 £0.03* 91.42+0.06° 44.57£1.02 82.23 +0.44% 63.37 +1.55°
D2(40:12) 29.31£0.86" 1.14+0.04>  2.57 £0.09" 91.56+0.09° 43.77 £1.03  88.45+0.20° 68.46 £0.84"
D3(35:18) 20.38 £0.45°  1.12+0.03°  2.54+0.06" 92.85+0.26™ 42.93£1.39 89.41 +0.85™ 70.00 +1.23"
D4(30:25) 30.42 £0.44™  1.10£0.02°  2.48 +0.05" 93.08 +0.17* 42.05+0.35 91.71+0.12* 70.55+0.89"
El1(45:5) 26.39 £0.45°  1.26 £0.02°  2.87 £0.05*  91.47 £0.03° 44.31£0.53  88.85+0.39° 71.84 +1.22%
E2(40:12) 28.17 £0.95™ 1.24 +0.05* 2.80+0.11° 92.33+0.01" 43.51+1.11 90.68 £0.55* 72.20 £0.97"
E3(35:18) 30.51 £0.65™ 1.1020.03°  2.49 +0.05" 92.97 +0.32% 43.25+0.93  90.94 +0.10* 72.46 =1.84"
E4(30:25) 32.1920.11°  1.10£0.05°  2.45£0.06° 93.21£0.10*° 42.93£0.53 91.79 +0.11° 74.45 £0.84"

22 HEMSEREMABREMNELLXE
i 28 P B 2 1)
TR B Ry 5 25 B A R A R Y T L

R R H SR G ax fa JULIA) R A EE 4 2 ORI

Wi i (K 5) o KA DR B A0k & i A 45%
FEARZE 30% , 4= f8 FJLIA) IR 2R 1 5 5 0 29 0 3
fiX, i DI M El el & B LR E R
(P>0.05), {H 35 2 3w T H AR A4 (P <0.05);
D1 ~ D4 24 A1 E1 ~ E4 2] {1 N JIE 8 B o 3 1 2 22 57
A (P >0.05) (HA R EE; &5 R A MA
Hoy ) 25 B SR A [v) I figp SR LA L, A UL RN
WHERE A& R JE i F R 2E 57 (P >0.05) . &
0 JYLPA) TP R P N A 5 4 B A DR P A
14 AR R 25 B SR A R 1 T T
TR K 23 R A B A R (P <

0.05), 7£ D1 ~D4 4, LA W MK o & BB E A
Ry & i R BT TH 5 (P <0.05) K1 7E E1 ~ E4
A LR K 43 i B T A H 25 O
3 (P >0.05) ;45 kb BEAH Y 4 £ 70 P U (9 0K o0 %
HARZWEZW(P>0.05),

6 o BiE AR & R ARG, SEI8 A
JHF A B 0 A A e 38 8 3 R AR (P < 0..05) 5 1
D1 ~D4 411 E1 ~ E4 4 (/) iE {4 Lb 350G B 3 1k 2=
(P >0.05),
2.3 AEME5EREMKERE MR TIE
HRERENZIE

M 7 Fion, BE & R e AR R A
45% BEAR 2 30% |, I 75 V5 T I T 14 R I 3 AR 1 T
TR EFEAR (P <0.05) 5 SR 1M I T8 #b A 3 4
HLREEZER(P>0.05),
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®5 HEMSENTMIMBEMNELEEARNSN(FHE +RER)
Tab.5 Effects of the inclusion levels of WFM and DSM/EDSM on fish body composition ( mean + SE)
FE ¥R index
Tk (B ok 2 B TR/ T % R
diets( WFM: DSM/EDSM) HER R/ % HLg /% K5/ % HRS/%
crude protein crude lipid moisture ash
£ £ whole fish body
DI(45:5) 18.58 0. 19° 7.40 0. 11° 72.18 £0.21° 3.29 +0.05
D2(40:12) 17.63 +0.23° 7.99 £0.18° 71.51 £0.28% 3.35+0.11
D3(35:18) 17.57 £0.20° 8.16 +0.28™ 71.03 £0. 66 3.43£0.19
D4(30:25) 17.42 £0.19° 8.58 +0.12° 70.29 £0.24° 3.37 +0.09
E1(45:5) 18.59 +0.18" 7.70 £0.08" 71.90 £0.25" 3.37 +0.10
E2(40:12) 17.08 £0.25° 7.88 £0.13" 71.96 £0.33% 3.44 +0.14
E3(35:18) 16.74 +0.21° 8.14+0.18% 71.80 £0.20% 3.40 £0. 16
E4(30:25) 16.93 £0.23° 8.69 +0.23" 70.84 £0.38" 3.42+0.18
AL A muscle
D1(45:5) 20.01 £0.28* 1.99 +0.04° 78.56 £0.26" 1.10 £0.02°
D2(40:12) 19.79 20. 14 2.01 £0.09° 78.14 £0. 19 1.15 £0.03%
D3(35:18) 19.56 +0.21° 2.34 £0.12° 77.75 +0.24" 1.20 £0.02°
D4(30:25) 19.52 +0.21° 2.34 +0.05° 77.57 £0.22° 1.20 £0.01*
E1(45:5) 20.32 +0.09" 1.91 £0.04° 78.29 £0.19% 1.14 £0.01%
E2(40:12) 19.78 0. 11 2.06 +0.05° 78.10 0. 17 1.17 £0.01*
E3(35:18) 19.79 +0. 14" 2.46 +0.06° 77.66 £0.17° 1.21+0.01°
E4(30:25) 19.49 +0.28" 2.28 +0.06" 77.66 £0.15 1.21 £0.01*
W BE viscera
D1(45:5) 9.57 £0.21% 26.12 £0.48° 57.42 +0.73° 0.76 £0.05
D2(40:12) 9.27 +0.35% 30.77 £0.88" 52.63 £0.48"% 0.79 £0.02
D3(35:18) 8.61 £0.31™ 30.97 +0.40° 51.98 £0.67 0.74 £0.01
D4(30:25) 8.40 +0.37" 32.36 £0.35% 51.25 £0.82% 0.77 £0.05
E1(45:5) 9.67 +0.31° 30.65 £0.43° 54.43 +0.85° 0.73 +0.03
E2(40:12) 9.12+0.25% 31.26 £0.61° 51.34 £0.87° 0.77 £0.02
E3(35:18) 9.18 +0.28™ 31.53 £0.38" 50.50 £0.41 0.76 +0.03
E4(30:25) 8.80 +0.25 33.54 +0.70° 49.86 +0.62° 0.78 +0.02

6 OEMEEREHNBEREIMOEILYFEL EEEFTMFERERSEHZM(FHE £ RER)
Tab.6 Effects of the inclusion levels of WFM and DSM/EDSM on HSI, VSI and
liver glycogen content( mean + SE)

TR g s 25 B2 SR/ B A R
diets( WFM: DSM/EDSM )

5 b5 index

iRENE

hepatosomatic index

JUE 1A L

viscerosomatic index

HF8E IR %

liver glycogen

DI(45:5)

D2(40:12)
D3(35:18)
D4(30:25)
E1(45:5)

E2(40:12)
E3(35:18)
E4(30:25)

4.

4
3
3
4,
4
4
3

39 +0.
.05 +0.
.94 0.
.61 £0.
84 +0.
.26 +0.
.13 £0.
.83 0.

29ab
lsbc
24bc
21¢
25°
13abc
22
21°

8

9.
9.
9.
10.

.91 =0.

.88 +0.
.62 0.
.73 0.

30 £0.
41 +0.
02 0.
39 0.

28°¢
24"
34°¢
29"
34°
220
30abc
24

7.99 £0.16°
7.57 £0.08"
7.47 £0.04"¢
.34 £0.06"
.10 £0.05°
.68 £0.06"
.64 £0.05"

e I N N =R N |

.45 £0.05%
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Tab.7 Effects of the inclusion levels of WFM and DSM/EDSM on non-specific immunity ( mean + SE)

Tl fob e 2 B SR/ B )

545 index

diets( WFM: DSM/EDSM )

RS P/ (U/mL)

lysozyme activity

AMAIE 1/ (U/mL)
CHy, activity

1 3% 8 57 % / (mg/mL)
serum protein content

DI(45:5) 4.61 £0.
D2(40:12) 3.24 +0.
D3(35:18) 3.26 +0.
D4(30:25) 2.27 +0.
E1(45:5) 4.70 =0.
E2(40:12) 3.40 +0.
E3(35:18) 3.35 +0.
E4(30:25) 3.05 +0.

58°
21°
30°

40.75 £0.39% 277.91 £21.62

40.80 +0.82" 265.85 +13.49
40.25 +0.51° 267.41 £22.02
39.25 £0.69" 275.54 +18.81
42.20 +0.60° 280.31 +13.54
40.74 £0.35" 275.33 +16. 14
40.64 +0.22% 267.25 +24.69
39.69 £0.36" 260.61 +27.75

2.4 HEWMSEXEEMSEEREZ ML D
i ad:ob-A

Tk b Ry 5 2 R RN S R R 1Y EE
Xof R B I YR A T R ) DL 8 DR
5 5 B R BN A UMY B AR A O R g | R I v
T AT A0 B Y S AR AR (P > 0..05) 5 Bl 5 T
b R 5 N 45 % [ 30% , 2140 it AR

®8 BEMSEHEHSEERE AL D EFRER

£ DI ~D4 gl L g H 25 (P >0.05) ,E4 5
E1 414H b ) & 2 FEAIG (P <0.05) 5 Ifif ML 21 85 [ &
w7k DI ~ D4 7 a5 B HF R B H (P <

0.05),7£ El ~E4 41 a5 R E % (P >0.05),

21240 i e BRI 20 8 5 A 25 B2 UM 2 R
F1%) T ik AT 2H 22 W) 24 S M 2 S (P >0.05)

IR ( FHE £ REIR)

Tab.8 Effects of the inclusion levels of WFM and DSM/EDSM on hematological indices( mean + SE)

541 index

kL (A B 25 52 SR/ S

diets( WEM: DSM/EDSM) ZLAIMEL/ (10" cells/L) ZL20 i B AR/ (L/L) MerEH/(g/L)
red blood cell count haematocrit haemoglobin

D1 (45:5) 2.14 £0.12 0.39 £0.01* 58.74 +2.52°
D2(40:12) 2.06 +0.09 0.37 £0.01* 58.39 £1.15°
D3(35:18) 2.08 +0.04 0.37 £0.01™ 58.60 +2.15°
D4(30:25) 2.04 £0.11 0.36 £0.01° 45.50 +1.88"
El(45:5) 2.09 £0.07 0.40 £0.01° 59.43 +1.12°
E2(40:12) 2.11 +0.08 0.39 £0.01* 59.04 £2.59°
E3(35:18) 2.05+0.13 0.37 £0.01* 58.94 +2.91°
E4(30:25) 2.04 £0.12 0.36 +0.01° 52.58 £2.09%

3 ik
3.1 BB J 3 TR R F 8 R

TE ST, S I A1) T R AR AR KR
BT H Y J O R A ORI E
AT 5% 1 12% B )R R0R F R EORA0CR B
HREAG . MRADRL R R AN 1 B ROCR AT 1 KR
fis gy £ 4] L A R S B SR Y ARG L
45% F1 5% , 1M 1 Fa0ky A A7 S0R0 A0 38 B RC HE
40% F112% . Tidwell 25" I\ Ny , 16 K I3 0 2K & R
AR 0T, 24 0 B R S 30% I, SRR g
HE— 25 A0 1 2 R g ek B A

AR LA [0l A 05 R A5, 78 R I8 2 2R 19 15 0
N, SR AR R ARy B Y 11, 58% ,{H
TERE IR B Rk b £ 85 1 35 8 ks 51.9% , T &L
IR & AR 9. 9% o 1 vl L, A bk o 20K 45
ARARY 9 T8 7 5 TR B 288 AR 1 b 28 ]
DAL Gk v 2 S R Y K P AT 6 o AR S LA B
R g B TR S T DR 2 2 iR K
G AL BR T AR R E MR PTE IR A T, A
it e TR 25 B T 0 R TR A AR B R 2 AR, O
0 A L A R AU O 1 R B UL P A
ALL PR a0 7 2 5 TR S L2 s 8] S22 6 e ) 8 R
i, HFE o0 He U Al B IR R AT oKk . RS2 5 A
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{1 A R S B S AR T A B L. B
B B B N 45% BAR % 30% I, 52 30 H 2 oK R 5
BRI RS R R KR I R B ) 1
o VLT AR 00 T Al R e A 8 Ak I R X R
1 5B 5 40y 621 119 A4 K 5 AT ] 670 TR FO S0 T I ]
B (1,10 ~ 1,27 ) FILEE (4 R 20% (2. 48 ~
2.87) 4 T RAFE X K 11 S i 4 g g wF S L X
35 9 A 2 6 SR T 4 A e S W 4 B
3.2 EMERaMEARMNEOEMERYR
iRt :aEA

A S5 W F] , 0 4G G BEAR £ 1 R 4 1 5
I £ F5 /0, I TR P A 8 R i R Y
X P (F 25— B 18] 38 B, 52 56 a1 1
AR o DO Xk g 7 il 4 B 9T K B
S0 U 9 BE v R R M A R 2 1 B R A
XPEAR,HAELIR R 8 ~9 d, S A B RIEA —
B X RV R fe T X @ B S R B, 0 ~
28 d, by 2 1 B8 i W R T 2OM A T 29 ~ 56
d,2ABERLEEEER, XUW, X F Lk
a2 R E T R A e B R 4 IR EH
S35 A 08 T 2 B S0

ARSI B 2 R TR ok A 45 %
IR 30% FI LRI 5% ¥4 2= 25% |, ik 2
J5FC I 7 1) 22 314 b %6 4% W 3 T H . Portz 45
T RE TR T B X SR R £ A 2 1 WL Ak
RIS RO R ST A
Masagounder 45 >’ % Bk 1 B 6 %F 540 v b A
2 114 26 WL Ak 2 8 T f0R) o O s g TF 5 4
TR SR L O A T R BRI A R
X—MEaRe Sk Ky & mR s EmUA
. Gomes %5 X i 6B FY A5 L, K B9 K 43
w5 HERY R R RO, BRI
B4 7E o IR R ) I AR 5 ) BT 5 g & B A
i 16 T 5 Al L1 26 UL Ak R 5 K 4
LR UM o STI6 BT 014 £ R £ T e AR
SRARGE (4 MR R L & i 12,08 mg/100 g)
R4 O e (19.44% ) 3% 7T RE & 30
5 AR AR 2 SR U 114 2 LT Ak R AR 1Y
EEFEEA
3.3 AMBUALESEBRNFRREANEER
TEMNEN

RS R R B B A AR R A A A
B R T A R A B R, A R UL P Y R

BT AR G 5 5 2 3 WA AR D 1 & B A B 3
THE o X ZEE 0T RS R B, B AR R
biskel QiR )| I IN S A S Bpidens ey o 2 MR S R ]
BID7 o O . xR B 4l 5 RO
fih > BIE ST S L K LR R R ]
T e R EE T R A A AU R R S
BRI PR RIS A AR G AR R
B3 TN S AR R Ik 2. SEh T
IR DR RN R B R T 7 A ) Tk v b T A
FE TRy 1) 2 50 2 R R AR R AN A S A
PR S TR AR T S B IR 1) - Al o {H N £ iR 4
R 2 S AT DA T A0 A B R R R R T T 6 R
AR BT A TR SRR AR 1 BOR IR 1) 45 A
DAL U 55 2 FE R 1 AN (7] 25 W i 5 350 1) e} o
14 28 11 0N RE AT 00 7 £k S LA 28 10 0 e Ak Ky
JEW o 3K Bl A [] 25 2 10 7 %o e fth £ 38 () F 5% o s
BAlFsE . Peres 210 X K 35 6F 4l 1 (g BF 53 15 1
Ao Bt A 35 T T T A 3 ) MR E EL S A S R
FE R B R BE S SR R ZE N 0 R B i
5 I T B M B AR R R 4G 4 S AR 1Y
W MCAS ) 26 5| ke 2 35 R A A 20 b 1 R S, 3 3K
Z 54 BUE AR P2 R />, De la Higuera
25 SO B K T S R VRS I R R R ) 2B
BT TCRR 28708 T 8 R E R T 48 I iie 2 24 25 R
TR A B BT AR
3.4 BREXMEREMIREFAFHERE
ALIGEE R BN, KR T # s £ E T 1
ity ffe R AT A GRDRE b T fO8 BR AR Y EL A 2
1% o 5 45 55 1 08 Y e SORTZE RGN 19 25 e
ISR S EA = DR - S VRl R v N R S i B S DI
R TR KN Y 5 AL SRR T
B GHIP IR U E RN T . Biswas 20
o L6 P AF 5T s, R A R R S 0 3 1 R
W M , T DA R v AR AR . AL ST u s
R WFFEAS W R R I IR VE R 1 2 0
o Ak A0 A W S R T R A o A U I X A X
B2 T 6 HIF A HH T AR SR 14 R0 190 8 O 3 b R B
T M, X R PG R T BB ST BN R
fifg b Ak B AR SR BRI AR R E S T
RACFR EOR . AT L 25 BRI 4 R R AN e
3 1 22 W 1 6 A R AT AR e L IRDRL AR L B
JBE A4 SNV 11 J50 T A 58, DTG {8 0K A4 ) A
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Suitable inclusion levels of white fish meal and two kinds of soybean meal in
diets for juvenile largemouth bass( Micropterus salmoides )

CHEN Naisong* , MA Xiuli, ZHAO Ming, JI Zhenyao, TONG Chunmeng
(College of Fisheries and Life Sciences,Shanghai Ocean University ,Shanghai 201306, China)

Abstract : Eight isonitrogenous,isoenergetic and isolipidic diets were formulated to evaluate the feasibility of
partial replacement of white fish meal( WFM ) by dehulled soybean meal( DSM ) or enzyme-treated dehulled
soybean meal (EDSM ) , and to determine suitable inclusion levels of white fish meal and two kinds of
soybean meal in diets for juvenile largemouth bass( Micropterus salmoides) ,based on growth performance,
feed efficiency,body composition, non-specific immunity and hematological parameters. In four diets( D1 —
D4) ,inclusion level ratios of WFM to DSM were 45:5,40: 12,35: 18 and 30: 25, respectively, and in the
other four diets( E1 — E4) ,the same inclusion level ratios were kept,only substituting EDSM for DSM. Each
diet was randomly assigned to triplicate tanks of 35 fish[ average initial weight(5.32 0. 05) g] with an
indoor temperature-controlled recirculating freshwater system. Fish were fed to apparent satiation twice daily
(8:00 and 16:00)over 63 days. During the experimental period , water temperature was maintained at(28 +
1) C and dissolved oxygen content kept nearly saturated. The natural light cycle was adopted. The results
suggested that no differences in survival rate and specific growth rate were found among treatments. Feed
efficiency and protein efficiency ratio,however, occurred to a significant declining tendency when inclusion
levels of DSM were higher than 5% ,or EDSM higher than12% in diets. With decreasing in WFM inclusion
level and increasing in DSM or EDSM inclusion level in diets, apparent digestibility coefficients of both
protein and lipid were found to be higher. Meanwhile, protein and moisture concentrations in whole body,
muscle and viscera of tested fish decreased significantly,but lipid concentrations became higher. With above
changes in dietary WFM and DSM or EDSM levels, hepatosomatic index and liver glycogen content occurred
to be lower. Serum lysozyme activity and serum protein content became lower althought serum complement
activity ( CH50 ) showed no significant difference among the treatments. While no difference in red cell count
was found,the blood parameters of haemoglobin and haematocrit were affected significantly and negatively.
In conclusion, it is feasible to use 45% WFM and 5% DSM as main protein sources in diet for juvenile
largemouth bass,based on a comprehensive judgment of growth rate, survival rate, body composition, feed
efficiency and health of tested fish. Inclusion levels of 40% WFM and 12% EDSM can achieve a similar
performance , substituting EDSM for DSM in the diet,by which 11% of WFM can be replaced with EDSM.
The effectiveness of enzyme treatment in removing the deleterious effects of antinutrients from soybean meal
is confirmed in this study.
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