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PRI, P47 PR e e A DR b s A T 3 Ak Bk 7K
RSl S I = 2R L B IR SN TR0 - =
AERZEZL,

KT B i ( Micropterus salmoides) & — Fifr i
RN A, HEr, 3 E KO 860 4E SR
FE R IR F 20 ZT70E (TR E R 6
I 5H 1Y) 5 RCRC A R R O R R, R E
BLLL K fE S AR A R BN AR TR R
I K W0 9E 32 20 S B R RE 0y & A 2 T
RIEBR TR IR A R SR & L
12l A8 W JEORE S R B B A S TR TR
128 6 ] ok o ] T A2 B B K AR B K OF AR
Amoah % R Y B4 HEAT TARE B ST, A
AR S, & W RE I A —2 H
ARXF R R B 1 %S IS I W A2 b B AR OC f 5 4 A
AT WA o A OO0 O A K S, TE A A R
H AN R AT I AR TE A KT R R R Y A K ]
BERCE F7 50 AR R R IR T E 5 0 D
J AR R S M A 5 R I TR 2 48 bR 1 25 A, DA
LRGN NSRS R e SR I R i vl P T = 1 8
-, S HE ] 28 BRI R AR R 1 R 6 S D A AR
RS %

R A

1.1 g

S Ak LA A 8 AR R I 40 A SR B R
I 15 B 2 B, o — B A N AT AR TR I
P, FE B 4.5% .8.0% . 11.5% . 15.0% .
18.5% Fl 22. 0% (1) 6 FE 7K F, B i % 55 2 1
(47.5% ) %5 A5 15 (10.5% ) , 520 Al 3 1k 3 B ok
SEAy R CH 5.93%  8.71%  11.96% . 15.11%
18.16% Fl 21. 74% 1) 6 Fhfalkh (3£ 1) o #ME K
M 8 2 P B o A R R, DA e 6 R R
SR A AR5 K 11 B A 1 0 B R TR L A 2
1. 0.3% By Cr, O, 15 g 45 71 71 LI 5 #5685
T2 B I B TR o T T 4 2R 4
Ve B FE )

S Ak B AR+ B T A R OB 22 1 A TRA
e, 60 H I G Bk, B Y R IEIR A 94 1
T IR A 50 5 B IAGE K 2R 2 5
HRL, B LB R A 2 ~ 4 mm B SR,
ZWHIEVI K2 S ~ 10 mm §) 0k, T -20 C
AR

F1 IBRERBEFRASSH(FREAR)
Tab.1 Formulation and proximate analysis

of trial diets (dry diet)

Rk )k} diets

ingredients  D5.93 D8.71 D11.96 D15. 11 D18. 16 D21.74
i %€ 53/ %
2constant 78.00 78.00 78.00 78.00 78.00 78.00
ingredient

—VEM/ %
o - B/ % 4.50 8.00 11.50 15.00 18.50 22.00
o — starch

WAL UER %
microcrystalline 7.50 6.00 4.50 3.00 1.50 0.00

cellulose

WO/ %

zeolite powder

HBE Wt 21 73 o3 H

proximate

10.00 8.00 6.00 4.00 2.00 0.00

analysis

HEH B %

crude protein

47.50 47.46 47.66 47.54 47.67 47.52

HLIE G/ %

HHR b/ % 10.61 10.65 10.72 10.79 10.71 10.87
crude lipid

AHATER/ %

digestible 5.93 871 11.96 15.11 18.16 21.74
starch

& HE/ (MI/kg)

gross energy

T ca BE RS (% THRDEL) < fky 42,60, 27 iy 8.00; 261 2.70, £k
FEEKY 3.00, M ERA 10.00, f6f £ P9 A 0.90, B EE4R LY 1.00, £
2" 0.80,25° ™ 1.00, 53 5. 10, MBS 2.20, =44k — %% 0.30, %
TRILRIEAY ™ 0.40

* Z4E(TU 8¢ mg/kg THakE) (442 A 16 000 TU, 44 3 D,
8 000 TU, 4§/ % K, 14. 72, 4E/E % B, 17.80, 44 K B, 48, 4i/E % B,
29.52, 4ELE % B, 0.24, 454 2 E 160, 44 28 C 800, MRk 79.20,D -
WZ RS 73. 60, iR 6.40, 44 % 0. 64, JILEE 320, ALK 1 500, L -
MG 100, ™ Z 4" (mg/kg T 4K} < i (CuSO, ) 2.00, B (ZnSO, )
34.40 %% (MnS0, ) 6.20, % (FeSO,) 21.10,ft[ Ca(10;), ] 1.63, 7
(Na,SeO;) 0.18, 4 (CoCl,) 0.24,% (MgSO, . H,0) 52.70, " &
IR AW (% ) 73 &R 57.00, FHER 43. 00
Notes:a constant ingredient (% dry diet) :fish meal 42. 60, wheat gluten

16.44 16.92 17.55 18.08 18.60 19.23

meal 8.00, soybean meal 2.70, corn gluten meal 3.00, spray-dried
blood meal 10.00, squid viscera meal 0.90, brewer’ s yeast extract
1.00, vitamin premix * 0.80, mineral premix* 1.00, soybean oil
5.10, crude phospholipid 2.20, chromic oxide 0.30, essential amino
acid (EAA) mixture ™ 0. 40

# Vitamin premix (IU or mg/kg dry diet) :vitamin A 16 000 IU,
vitamin D; 8 000 IU, vitamin K; 14.72, vitamin B, 17.80, vitamin B,
48, vitamin By 29. 52, vitamin B, 0. 24, vitamin E 160, vitamin C 800,
niacinamide 79.20, D-calcium pantothenate 73.60, folic acid 6.40,
biotin 0. 64, inositol 320, choline chloride 1 500, L-carnitine 100, ™
mineral premix (mg/kg dry diet):Cu (CuSO,) 2.00, Zn (ZnSO0,)
34.40, Mn (MnS0, ) 6.20, Fe (FeS0,) 21.10, I [Ca(10;),] 1.63, Se
(Na,SeO;) 0.18, Co (CoCl,) 0.24, Mg (MgSO,.H,0) 52.70, ™
EAA mixture (% ) :threonine 57. 00, methionine 43. 00

http : // www. scxuebao. cn
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1.2 FEIEMETSHAFEE

S R 11 2R AR FE N IR R SR R S
PEAT 2 A H S A5 R 94k, 3 1) B W 1 iR
LAl B2 W) AR 7 i R B e OFL B B
WA 50% ) . YIMLJE R 2 24 h YLK AL B, Bk
T A AR f b A T A I AR IR v AL, SEER
fl e 6 B AL B, BEALEE 3 AT B AL 43 fic 2
18 ~75 454y 800 L Ay B 15 A9 /K Al v | &3 /K Al i 5%
W hE R T 2 (28,36 £0.10) g B 5250 4 35 J&
S 5 J9 1) SR I WA B AR, e R AR 2 7R (800
F116:00) , PEAHIC A8 & it 5 4 A SE 0, Sl 85
FEFRE ML S o R T W 7 X3 B AR 1 RN 2
HET5 IG5 2R K AR DL 42 24 b BRASUHY R K AR 52
PR 7K I8 28 G0 1 7K 1A 20 0 4 F0 S B b 2ot i - 22
AN KR AL TR AR R K 199 B o0, 3 m’/h, 7K
eyl F (27 £1) C,pH H(7.2£0.2), Z A/
F(0.15+0.05) mg/L, 5 E =T 6 mg/L, XK
FAROGHE . SR Lo dhRrak 48 d,
1.3 HRHNRESHHN

ook F7 5H 5205 T 4R B BE LA R 15
BT -80 CORAE, F T W I FE A 1 I 41 1 5y
Mo FRIESSRITIA 1 )G 2% Lee'* 1 J7 W UL
FE0H . FE AR A IR RE < AR MR 30 min, FF MR 92
TH B A7 AR 10 53 THFH 2, 1 O 288 0 OR 4 26 B o &
4 h AR SE R FEME AR AE T - 20 C, 2 FR W
FEMEWCER ARG G, B 28 V% VR T 1%, i B £
W R AF 4 o RS 4 AT, SER f 28 24 h
BV , G811 A5 AR B £ B2 B8 B o i 5 DR BiEBL
12 B, Hp 5 BE T -80 CHRAA, H T
TRZ I 3 T, Fe AR 1 7 R e AR 0 A 7R 4k B
M, ff . SR T 2 mL 34 5 4 DA S 50 ) ik
Rl 1 mL,4 C F# % 4 h J5 5.0 (836 x g,
10 min 4 °C) B T - 80 TR, H Tkl
FEFR I 53 BT o Fl1 IS5 A7 50 LR P UE AN BT IOE, R R S
T - 80 CRAE, FI T JFWH S5 RN P J0E 1 25 B 43 #7 o
S BT EELA T -80 CHAAE, HTFILA
AT

Yk 25 B R AR 55 T A 0 S fa 1 O BR R
FEFT =AW TG, SC e i 28 24 h (25 & 5 4%
WAL SRAE 5 AN B ] A (IR AT 3 h, S 3,612
A 24 h) BRI, BT OO S A B LI . R A
IF 53 531) DN KR R g I [) 45 B 3 2, R IO
MmigF -80 CHRAFEH. RTFMELRMFL3

W%, KR RENLI 6 B £, 25 HUR IK I 1 ml,
TEHRMPEE D RIET 4 CRIFLHT
ML 48 An I 5 o SR L fs Sz BB Sk, R 4
KB T 200 P R A T M A A

AL B AR B &R LR 6 S AT T b 4
NN AN B R Rz (1 N R g & Woil
K HEL G A X (Kieltee 2300, FOSS, 122 ) il
JE 5K 432K F 105 °C e i Ak T 2k F il 5 5 R K 43
KD (LR AF) T 550 CTHFY
B AE 5 TR AR I 7 I A SR T 2 TG D 0 S A
(SOX416,Gerhardt, fE [ ) W & 5 4= fa LA L N IE
GESTIEEV P e e S b
FELET 2 R HPRLET 2 D 7€ {X (FT12, Gerhardt, 7 [+ )
I 5 ik 5 BE SR 4R 94X (6200, Parr, 5[5 ) il
5E 3 BB RIS (9 Cr, 0, R J1) Divakaran %"
7 00 5E o DR S A Hh i) R A TE A AR TE
By 0 52 7 2 B AOAC 31 TP J5t 5% JT
i v A7 0 0

o J& 38 AR T SR FH L 1ok 92 3000 2 00 7 R
BTG 72 o SR P U R 0 R I R R A
LI AT A R 2 B A2 1 40
TP B PR S B S BRI RS S Y
Tk AT o Sk B A A R I 4 T 3 MR R A A
UM i (NBT) #EAT I ™

iR F A AR AT IV AT
Il O P A L O R R A A ) AR
WFFE T B iR i o H A v kR DN A 1 21
FEE &, L Natt and Herrick 308" % 1
WORR BE 200 A% ), P I 3R o T B dn M. 4t
A0 b 75 R A Wintrobe ¥ (2 264 x g £ .0 )
g
1.4 HEAR

TE 75 2 (survival rate, SR, % ) = #Jth A R/
2R R x 100

BB % (feed intake,FI, g/ /d) = T fl B} £
ANE/L (W R+ AR /2 x LR KA ]

1 F % (weight gain rate, WGR,% ) = [ &R
PRI — UG AR | /0046 M 5 x 100

i 2 KR (specific growth rate ,SGR,% /d) =
(In ZRAK T ~ In FIAGIAR T ) / S50 KA x 100

TR 3k 2 (feed efficiency, FE) = (4K K it
- PR ) /AT DR R

B 3% E (protein efficiency ratio, PER) =
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EE

(R BT R - W) IR AR BT i) /55 AR R

JF 44 L ( hepatosomatic index , HSI, % ) = i it
H/ AR x 100

HEAA e ( viscerosomatic index, VSI, % ) = i
PN i/ # A JB E  100

B IR BT R WL 1k % (apparent digestibility
coefficient, ADC,% ) =[1 - (Z{FPEFRY R
R RE R Y RS &) < (R Cr0, &
H/FEEH Cr,0, f i) ] x 100

H H Ul FR FE ( protein deposition rate,
PDR, % ) = {448 B BT PO AR &/ $ ACHL 2 | ot A
& x 100

N T2 (lipid deposition rate ,LDR ,% ) =
P D7 DU AR 1t/ B3 ACKHLAE 7 & 5 x 100
1.5 HBAOBFAGEIT ST

Bt A S H + bp D% (mean = SE) IR,
KA SPSS 17.0 Xf ¥ 4 Bt 47 5 N 3 J5 22 70 #r

(One — Way ANOVA) , | Duncan KL #Ei7 £ H
EZRBEMHILE, BEKF P<0.05, sk
5] = 3 FT NRM B3 5 T Rk A mT 3 16 5 i 19 3

F R
+
2 4k

2.1 FWEAEMKERERKRANESREZNA
=9R=A

Tk b al i Ak B T D18 16 Ay K S B
S 56 £ 1 U R REAR (P <0.05) o AT H AL TE B =
T D8. 71 By /K -, 52 50 F ) 2K MR i i L RE A
AROR W ERARE R B EH (P <0.05);
TR R E DILL96 4l ik F i, B &% & T
D5.93 D8.71 il D15. 11 41 (P <0.05) ,{H 5 I
e 2% A% (P >0.05); DIS. 16
D21. 74 4 BRI RCR R T D5.93 41 (P <
0.05)(F£2),

R2 EAMPAHLERKERAABHRBEENEKBZ M0

Tab.2 Effects of DDS levels on survival and growth performance of largemouth bass

&5 index

R NN ¥ N ST

R g AR/

B

IR diets i /% /g initial /g final (% /d) /% BRE/(g/d) TR B
SR body weight body weight SGR WGR Kl FE
D5.93  100.00 +0.00*  28.28 £0. 08 97.71 £1.32° 2.58 £0.05* 245.52 +4.66" 1.09 0. 02° 1.33£0.01°
D8.71  100.00 +0.00*  28.32 £0.07 97.56 +1.49° 2.57 £0.06 244.49 +5.26" 1.05 0. 03® 1.37 £0. 04"
D11.96  100.00 +0.00*  28.37 £0.08 93.15 +1.15° 2.47 £0.05° 228.34 £4.04° 0.95 +0.02° 1.43 +0.01°
D15.11  100.00 £0.00*  28.36 =0.09 87.24 +1.96° 2.33£0.06° 207.62 +8.88° 0.90 =0.03" 1.36 £0.01°%
D18.16  98.10 £2.52%  28.44 £0.07 80.99 +1.07¢ 2.18 20.05% 184.78 £3.75¢ 0.79 £0.01° 1.38 £0.02%
D21.74  96.19 +0.95° 28.45 +0. 06 77.25 +0. 89¢ 2.09 £0.04% 171.82 £3.13% 0.72 0. 02¢ 1.40 £0.01™

TE Bl R AP S B+ AR DR T 1 B A AN 6] B AR TR RR 22 R 3 (P <0.05) , T 1]

Notes: Values are expressed as mean + SE;Column values with different superscripts indicate a significant difference ( P <0.05) ,The same as

the following

D11.96 21 /) 86 H sk e i, B 5 D21. 74
HEFARFI(P>0.05), i35 & T HALAH
(P<0.05), #HEFIHAEME D TITHRELRZ
F 4 kL bl 9 1 BE R K R 2 E R (P >
0.05), D8.71 AR Wi H L% B & & T D21. 74
H(P<0.05) HEHMEHNEFARE (P>
0.05), D8.71 1 D11.96 41 Ji§ i Il B R i % &
T D18. 16 fl1 D21. 74 41 (P <0.05) ., B 1wk
R AL TE B 1 38 I, B A BT b W AR, 2
D18. 16 4 ik K (P <0.05) ,{H D18. 16 4 5
D21.74 HIWZEFARZEF(P>0.05)(£K3),

Ze YT LR AT (] U5 43 B, BRDRE AT Ak TE R R
T 9. 22% B, SEE iR e AE KR EROR (B 1)
Tk v R I R SE By B K F Ol 10.05% B R T
BORIRB R E(E 2) .

2.2 FLHLEMKEEEARNEM

Wit DR H R Ak TE R K T B 5, DS 93
A HE T = W s T DIS. 11 ~ D21.74
ZH(P<0.05),D5.93 (LA H & & 8%
T DI8. 16 41 (P <0.05) , NIEM & A it & 7 &
B ERRARA S (P <0.05) ;44 LA FI A JIE Y
g W5 & B AEDS. TI4L iR 8 de fm , BL G BRI, &2
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Tab.3 Effects of DDS levels on nutrient utilization in largemouth bass

545 index

R diets  mEFME  EARNAE % EARIER/% BN % Tl i UL AL R VER IR %
PER protein digestibility PDR lipid digestibility /% LDR starch digestibility
D5. 93 2.80 +0.02¢ 96. 07 +0. 06 47.87 £0.76 95.64 +0.17% 116.65 +3.67% 93.14 0. 69°
D8. 71 2.89 +0. 04" 96.21 0. 17 47.91 +1.29 95.95 =0. 05* 127. 57 +4. 32° 91.13 0. 15
D11.96 3.00 +0.03° 96.03 +0. 04 49.84 £1.05 95.79 +0.22% 127.79 +2.28° 89.16 0. 85"
DI5. 11 2.86 +0.03" 95.76 £0.23 46.84 +0. 15 95.52 +0.17% 115.19 +6.02% 85.21 +0.94°¢
D18. 16 2.90 £0. 04" 96.16 0. 10 46.96 £ 1. 15 95.42 +0.19% 108.34 +5.57° 82. 80 =0.28°
D21. 74 2.96 +0.03* 95.88 0. 22 47.74 £0.71 95.22 +0. 28" 103. 18 £5.76° 83.71 = 0.98°
D8. 71 Mk (P <0.05) ,{H5 DI15. 11 4 2% A
290( WS gl 2T B (P >0.05) . At UL 9 R 5 o5 ek o 3% 51
e 2700, )};2::2658798;2.040 8(9.22-x) TR R AR E R S R BT R E R (P >
R E2s0 PN, 0.05) , {H P JIE K 73 & B F FE AR (P <0.05)
f_&r ;D 2.30 (%4).
2‘3‘% 2.10 o Bt Rk RT3 A TE B K F Y 1 i, SE I £
£ 2100} / ' JH A B AR LG BT 0 D 5 i 2 2 B TR A (3R
Y 5). D5.93 FiI D8. 71 41 JF f LA 5 45 i

1.70 -
3.00 6.00 9.00 12.00 15.00 18.00 21.00 24.00
BT IALTERAF /%
DDS level

1 ARPAEELESKENKORE
FEERKENTEDOESN

Fig.1 Broken - line regression analysis of DDS level

against specific growth rate of largemouth bass

3.091
3.03F
2 $
s 297+ . ¢
g 291 v . 3 i
= s L LI 4
w28 . L Mys 10058, y=2.931
o g 2797 L My<10.05H,
¥ s 2731 I »=2.931-0.032 8(10.05-x)
S 267¢ I R*=0.6254
=61k ' x=10.05
2.55 1 ! 1 1 ]
3.00 8.00 13.00  18.00  23.00
Tt ] HALTER K / %
DDS level

2 mEAELEAER KX RO RS
EERMENNEL RS
Fig.2 Broken - line regression analysis of DDS level

against protein efficiency ratio in largemouth bass

D21. 74 4Lk FH AR (P < 0. 05) ;4 £ 1 P ) K
Oy SRR R BT R 7E D21 74 43K B i
B (P <0.05) ML KL & FRE LT,

2 K F DI11.96 ~ D21.74 41 (P < 0.05);
D5.93 ~DI11.96 ZH [\ JIE4A 1L 2 2% (K T D15. 11 ~
D21.74 41 (P <0.05) . il &} o A] 35 AL UE ¥ i T
8. 71% Iy, JHFME M) & 1 B & &= B F RN (P <
0.05) ; Jg i & ik 7 D8. 71 43k 3 i, M) B 2%
KA (P <0.05)
2.3 FIHALE MK F X E S A B # 0

S 1 8 I AN [ B8] B 1t K - B DR
ATV AL E R 1 3 2 B R A A (K 6)
D5.93 ~DI11.96 A& 5 MWETE 3 h e, HY
BIG6h K FEFARE(P>0.05) &5 12h
1 % 2 KT S5 6 h(P >0.05) , & b 1Y 47
SEmtal ARG 3 ~6 h, DI15.11 ~D21.74 411
B MWL RRZ: FIL TR S 12 h 58 &
B, 5 B RF Sy (] A& )5 3 ~ 12 h, LR MRG
(7] — BF ] 853 19 AL 9% 7K SF- A0, 32 0 A ek v el 3 £k O
SRR FE W, %5 3 h,D5. 93 4Lk ¥ &
ZALF DI8. 16 F1 D21.74 41 (P <0.05) ;& J5 6
h,D5. 93 4 [fi b vk FE 2 & I F D15. 11 ~ D21. 74
(P <0.05);%4f5 12 h,D5.93 ~DI11.96 4 g 3
ik T DI5. 11 ~D21.74 4 (P <0.05) , & J5 24
h £ 41 IR 5 B HE Al K (-3 h) ,{H D21. 74
A 3 T A& L (P <0.05)
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Tab.4 Effects of DDS levels on body composition of largemouth bass %
845 index
Tk diets HLZE 5 HLIG 7 K4y KAy
crude protein crude lipid moisture ash
4 iy
whole fish body

D5. 93 17.47 0. 08* 8.90 +0.21°% 70. 86 0. 14° 3.59 +0.08
DS. 71 17.15 £0.10% 9.32 £0.22° 70.95 £0.21° 3.47 £0. 10
D11.96 17.19 0. 12* 9.09 0. 12° 70.71 0. 12° 3.29 £0.09
DI15. 11 16.99 +0.09° 8.74 +0.32% 70.79 0. 13° 3.40 0. 11
DI8. 16 16.94 +0.11° 8.22 +0.25 71.09 £0.23% 3.54 0. 13
D21. 74 16.89 0. 14° 7.95 £0.29°¢ 71.61 +0.33° 3.55 +0. 10

LA muscle
D5. 93 19.90 0. 07° 2.61 £0. 19" 76.84 0. 18° 1.20 £0.02
D8. 71 19.77 £0. 08 3.35+0.13° 76.38 +0.06° 1.20 £0.02
D11.96 19.79 0. 07 2.85 £0.09° 76.85 £0. 11° 1.24 +0.01
D15. 11 19.78 0. 07 2.80 +0. 14° 76.60 =0. 15" 1.25 +0.02
D18. 16 19.53 +0.10° 2.26 +0. 12° 77.54 £0.23° 1.23 £0.02
D21. 74 19.72 £0.11% 2.25 £0. 19° 77.66 +0.08° 1.23 £0.01

P viscera
D5. 93 9.68 +0. 10" 32.99 £0.67% 50.58 £0.37¢ 1.02 0. 05"
D8. 71 8.59 +£0.24° 34.13 +0. 46° 51.41 +0. 40 0.96 £0.03*
D11.96 8.45 £0.20° 34.01 +1.00° 50. 84 +0.79¢ 0.87 0. 03"
DI15. 11 7.99 +0.20° 31.58 +0. 48" 52.99 +0.38°¢ 0.76 0. 02°
DI18. 16 7.53 £0.36° 30.56 +0. 76 54.58 +0.13° 0.78 £0.01°¢
D21. 74 7.19 20.21° 28.65 £1.06° 57.69 0. 64° 0.79 +0.01°

x5

AR R AH AR KEN R ORSATELL BEA SRR REH R AFER S EN T

Tab.5 Effects of DDS levels on HSI, VSI and concentrations of protein,lipid and glycogen in the liver

of largemouth bass

%

T $R 47 index

diets AP He HST REAA L VST BFHEZE (BT liver protein  JiF g Uy liver lipid FFBEJE liver glycogen
D5. 93 3.21 £0.07¢ 7.00 £0. 17° 10. 66 +0. 13° 4.53 0. 15° 7.94 £0.13°
DS8. 71 3.50 +0.05¢ 7.46 0. 24° 10.02 +0. 10° 5.61 £0.09* 8.14 £0.01°
DI1.96 4.32 +0.13° 7.71 £0. 40° 8.01 +0.10° 5.12 £0.05"° 9.05 +0.21°
DI5. 11 5.05 +0.26" 8.74 £0.32° 7.33 £0.11° 4.94 +0.04° 9.08 £0.22°
D18. 16 6.50 +0.29° 9.61 +£0.37% 7.38 £0.05°¢ 5.05 0. 09" 9.34 +0.10*
D21.74 6.59 £0.26° 9.82 0. 50" 6.55 0. 189 4.62 0. 13° 9.34 +0.02°

6 ERPAELEMKERAOERGEROERETLNIIE
Tab.6 Effects of DDS levels on postprandial serum glucose levels in largemouth bass mmol/L

T % )G a]  postprandial time (h)

diets -3 3 6 12 24

D5. 93 3.60 0. 125¢ 5.44 £0.96"° 5.07 £0. 18AB:¢ 2.82 £0.50¢° 2.47 £0.24¢°
DS8. 71 3.86 0. 195 7.53 0,977 6.62 +1.384 3.07 £0.215:° 2.88 £0.355°
D11.96 3.12 0. 128¢ 8.26 0. 2245 7.19 £0.36"< 4.32 +0.645° 1.96 +0.37°°
D15. 11 3.82 +0.48¢ 8.52 +1.208 10.20 = 1. 645 16.42 0. 674 3.35+1.07¢°
D18. 16 3.03 0. 12€ 9.70 +1. 138 11.57 +2.305%° 18.72 +1.314# 2.27 0. 14¢°
D21.74 3.52 +0. 26" 11.64 =1. 1582 16.17 = 1. 10"B:# 21.25 +4.50"° 7.71 £2.00°P:?

TE AT AR B AR RS T b 7R 22 5 3 (P <0. 05 ) s [ASA [A) b AR /NG T Bk 7R 22 5 . 3% (P <0.05)

Notes: Different uppercase superscripts in each row indicate significant differences (P < 0. 05) ; Different lowercase superscripts in each column

indicate significant differences among dietary treatments (P <0.05)
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2.4 WHAEMAKENELIERMEFERER
& 15 AR A 2 M

e = I e S T R A N 1 I =
D5.93 ~D11.96 4 IfiL {5 #F PN % 24 B % 1 % %
F DI15.11 ~D21.74 41 (P <0.05) ; 7 B & 53 fily
T PE R 2 T (P <0.05) 5 Il ¥ ¥ B G 5 1 5 B
STt m R AR B H, DL D11.96 4%, 35

FHAA 2 (P <0.05) 5 35 B (40 s 0P W2 R K I
PELL D11. 96 4 & &, 3 & T D15. 11 ~ D21. 74
41(P <0.05) ,{H15 D5.93 F1 D8. 71 4 2 F K i
FH(P>0.05), M58 S A T A AT
Y7E D8. 71 ik B fe i, B 5 DS. 93 HEF AR
FHHN(P>0.05), B Fm FHAMALL (P <0.05)
(%7),

RT ARPAHELERAFRAOBRYNEFAREER . AEREABEHEREFFEREEROZME
Tab.7 Effects of DDS levels on serum ALT and AST activities and non - specific

immunological indices of largemouth bass

545 index

i B ARREYE R A 6% T T W W2 13 3 P LY 2 1 BT MLV M AT P

diets /(U/L) /(U/L) / (unit/ L) /(OD)respiratory  /(mg/mL ) serum /(U/mL) serum

ALT activity AST activity lysozyme activity burst activity protein content CHS50 activity

D5.93 5.71 £0.22° 10.82 +1.16¢ 6. 14 £0.25° 1.78 £0.07* 37.21 £2.01* 320. 63 +4. 32
DS8. 71 6.19 £0.27° 13.77 £0. 54° 6.45 +0. 13" 1.86 =0.02° 42,11 =1.21° 343.22 +10.95°
DI1.96 6.77 £0. 06" 16. 14 £0.27° 7.57 0. 13° 1.89 £0.03° 36.62 +1.55° 249.63 +17.43°
DI5. 11 9.07 £0.52° 17.57 £0.50" 5.26 +0.27° 1.60 0. 10° 35.81 +2.47° 208. 16 +17. 16°
DI8. 16 9.70 +0. 47° 17.94 +0. 39" 4.26 £0.24° 1.32 £0.02¢ 28.06 +0. 69° 181.32 +11.17¢
D21. 74 9.09 0. 23" 21.36 + 1. 14° 3.86 0. 47¢ 1.18 0. 06° 29.35 +0. 87" 124.36 9. 98¢

2.5 WEHALIE MK TR M i S AR B BN

TR HR T i P T A B8 10 I R 51 I 9 P AT
20 ML RSOR 21 440 M s AR 0 8 3 8 A (P> 0..05) (3%
8) sHIM L0 F & BRI B W R &, =
D18. 16 41Hf ik FHAK (P <0.05)

x8 ABPAHNLERKEXNKXOEES
I i 8 4% B 25
Tab.8 Effects of DDS levels on hematological
indices of largemouth bass

5 b5 index

T 21200 % 21400 i R AR
diets /¢ 10‘ZECH:§L) QI/EHEE/LEf MLELEE /¢ g./L)
erythrocyte count haematocrit haemoglobin
D5.93 2.21 +0.28 0.36 £0.03 59.43 £0.41°
D8.71 2.17 0. 11 0.37 £0.03 57.61 +3.40%
D11.96 2.13+0.13 0.35 +0.01 52.01 £3.00"
D15. 11 2.06 +0.15 0.36 £0.02 51.87 £0.29%
D18. 16 2.08 +0.16 0.35+0.03 46.97 +0. 62°
D21.74 2.00 +0.14 0.37 £0.03 47.38 +1.98°
34
3.1 BmifEaXAMPHRAKLENER KT

ABETE R, LR 2 AR RO AN H AR 15

B, 300 e T LR A TR [ 01 3 A7 5 Y, A T ) e e
AT Ak TE B B9 O B K F 4y B ok 9.22% A
10.05% . Amoah %" DKo | &R K T 05 k%
VR TS g 1 B 5 R B, 2 ARG RS L
(NFE) /K-8 FF &, 10 2 i 189 &0 g 25 T I,
13% K NFE 7K T Kk 11258 65 4 5 8 10 A K R 2k
PRAG bR o B0 S T L R R TR S B R 1 B
TR, B Bk A6 G 17K F (DNS 33058 ) Sy
19% B K 11 2 ft 0y 4 2 2 K 3R R 1 5 00 R i
LR R B AR . X 2 D HFFEAS Y R AT
AT B4 1 AN A — B, 58 HL R DR B Y A
DA W5 5 1A« — 2 52 6 ) 1y D B ) S R
T AT . A BFIE R I, 20 TR A B 50
P B S B S [0 A T A R i AN A R i
DRI, BATG AR0I8 H 0 A K AL A 0 1 T R R
Fi B HR BRI R L R K 1 2R A R P R K AR
Wy 014 385 LK T, S R B e Y 52 B #00H A R AR B R
T AL IR % AR IS LA S 0 GDRE T 1 T 0 A v
W AT AR S U B 8, R S T 96 T e 2 e 1
R T L £ 6 A e G S B IR IR 2 5 S
TRDRE R L OB I . R SR DR Y H At
FEEERZN PRSI Eg R, Hep
TR EERR I TA5 L S A E I RE R L E
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¥ i 39 %

AL LA BT 21 0k o S (R, O i v
i B AR B R BE 4D 5 R 1 R B UL PR R AL 1 0
TR 2 R LA 35 B 52 56 ) ) A 28 B R - A, A
I i PR B TR ) AN - T R R e e A S
B REE LS % T LRI 4 R
A T T YRR S 6 8 ) DR/ B R A AR
Woos i Wi B PF 5 45 R . A BEIE S I i AR K iR
BERCA (1,32 ~ 1.43) AL 3 AL (2,80 ~
3.00) ST FaR XF K 2R )R oot U R
AR 58 L i B AR BF S RO SR MR R AR A
LIRS
3.2 FIEHUEMAKENEZEARMTAERMI
EFRMRELENZNE

N, 2 ARDRE R A BE R AT LA
B AE AT AR R R TR
PR S, HOO DR b OB 9 i 52 ) B RO E BT Y
WAER b I 2200 . BESE R B, K T A
(Salmo salar) ™" Xt G 4k i 43 19 A1) FH A 7 B2 11K
TR 5 9% 1 T By I, AR A e bR )R SR I
B s K32 6T ( Scophthalmus maximus ) 7> 5 K o ()
VEMS 5% MY AN A 15% W), R g AR A AR I ) R}
REBORZ 3 B F 0 00, BEAE T 2 6% 1 1R
B 5 42 W 8 ( Rachycentron canadum) ™ 17
B & 18. 4% B E R A S dF A K MR B
R AL VE R & B T 24% B R A KR R
E AR, M K 3E B9 AT 85 ( Oncorhynchus
miykiss ) " FE AN f 0 R KR B AT
Tk R A 25% MoK AL S W) . AUFIE R 1E
BER RIS VE Ry K-8 T 8. T1% I, R H R iy
BERMAEERBEETRE(R2) . dgal
VUNEIP ISR S c = (U NN RS AP K GRS T MRS E e
TE M B F BB A T R 22 B 4 T g T
R PGV 1 1 DO AR AL, A 38 A2 150, sk e m] O A T
KA g BE S S5 A3 B X R I S B 1 A A OGS ) e
B A AT R o 3xX 2L ST A S e i
PR PR S e R A2 T B A A BOR Y (E]
E5o

ABETE I, R B R ME AR
HASZ R Al A TE R & B (R 3) . X
50 K P f R A R 5T 4 R A —
Bo T Hh A TEM KT TH R, K10 B 0 ) R
o 7 FDE K 0 R VLT AR R EREAR A #, X
— G TE N 5 G ( Silurus meridionalis Chen) 11y

WFoE Pt R B o R R A KR
T 12% I, i 105 0 3E R 114 3 WL AL 5 3 AR
Tl b KO A 18 % B 3 5| 2R 1 I
WLTH Al 23 25 A o 3 U B AR v 3 s A vE R
AU 29 H B B i R AL 5 [R] I s 23 % 4]
kb A IR 1 B R LT 1k A A [ B 1 52
Wi o T O AT O ek e DR A E Y AT A UE A UK
Pt A ) TR OGE IR R Y I AR IR
3.3 WHULEMKENEEBARIAFINEER
-

B DR ] T A e Ry K T, 4 A )L
PR PN JIEE ) 2 1B e AT, i A S AR AT T A
VERY B TF A 8. T1% Wk B A i, Z 5 BT R AR
(% 4). M ¥ 7 65 F1 48 85 ( Lateolabrax
Japonicus) " {HIF 55t % B, B 2 AR R P IE B
S, 4t R UL PR B O S Rk B AL 8K F S
MBI, X — IR AT RE 5 A £ P 2 Y
FIEE Kb R E R B E FEAX, A
WFFE4 RS 1038 RE 9% A1) ] )R A — & Y Bk 7K
& W -5 728 Sy f IR IR 7, AHL X b % A2 4 FT A+ 4y
A7 BRYT s SE Py n R 8 ( Solea
senegalensis Kaup )™ i J2 58 VI % ( Platichthys
stellatus) ™" B FE Y %2 B, %o #60 VA 28 11 e B Wi
R AR B R R R R e A
ol AL, R K AR S A R R B
Ao ABEFEAL A B, Bl A TR R oR] AR TE K UK
FRY 384 T, R /K8 8 T, 51 R s vk 2 (i fE
i) BB R WE AR (3R 2) , AT 5 S 56 £ %)
T 2R 5T AN D7 A A o) B A i 9 /D [ e S
i ) F B K A5 W e 22 S VR g D5 14 E 3 Ak 2
JBT R 1T 290 T SO B, AT S5 380 1 g DE 9 4 f Ak
490 17 B 1 Jo e BRI

B8 A TRk e RT O A E R 0 4, S £ R T
AR L (A LG B 35 TH i (365) 0 X S AEET T A
AW fifi ( Lates calcarifer) """ BF 58 45 5 — B, *f
JHFJEE #4780 23 A S s, 2 S D R
B H 5 A 2 A B A A2 A A, T TR D e A
T (2 5) I S K 1
AIBFFESE SR o TR L Y i 22 R LA SO 40 i s 30
Jir R B s Ak, 5 S T A0 7 A= o B A Al AT
JUE AR B 2 il 2 L I A TN A A
e G WS PEAE — i B b2 S W Th e 52 40 0 R
SEPESRAR T o ASBE ST 0T A TN A A R A
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e R D 1 3 9 B9 K 700 D 7
F oo [F A, X M Mg 2L 1 ( Erythroculter
ilishaeformis Bleeker) B 57t 2.7 , % & Bk K 1k
B 27% 1 34 % L1 I T A TN 2 RN A8 R
GURGIG e R E T T 0% (14% 1 21% 417 it
AU e 7K AT I8 A VE A DR 23 R K T 2R 6 i
JUE g A B 40, B30 LI S RE
3.4 FIHMUEMKENERDAEKFEMEEFRE
= 3:0k-A

AIVEACTE R & AN T 11.96% i, R H R
B ) B LR IS 3 h ik BBy, 2 12 h i 5
AR A2 B e il K P 5 (H AT AR E B i ik F
15. 11% L _FF, 48 J i b ik B2 455 22 T, 76 12 h
IR AEA , 5 0 RS U (R 6) o ARU/IVAR
S W T B O BIE S O SR L B TE AR A R Y
TERLIE , MM e B2 A 12 h ik B A, JE by &
1R e IR 5F S Y I TR K, 3 Ah, R R T
fig; ! ( Gadus morhua)) FIK VG ¥ (1) B 5 0
TINS5 £ B B AR E Ry R 0 RIS B RE A AR
by 9 OB v RE R A B R Al K SF- o ASBIF SR R 1
P S LM ORI 5 R A Al B R A S Y
WFFE 45 AW &, H A R o0k i W% 7 9 55 68 ) 5%
2% o A VI e A S 23 400 3 R i e e, &
SIS TR T E

AW A, 7 FE S 3o 1) A B B A% 2H S
AR ER, AL T R4 H i W miEm A &
SRR STE oy (NN ES S I I T 2
J R R O A 5 48 B 1O R & B, AT T A TE R e T
8. 71% I, 5256 £ ML 3 2K 3 0 3% 5 I3 AMA
P S B AT T I AL TE Ry R e 11, 96 % I, 1ML T i
TR TG 1 0 Sk B R AR R TR BT
B oy O AT, R o R ) AT AR E A S 1R
PR AR 8 1 8 R AR I T8 C A 3 82 ) o ot AR 0 A
SRt L) AT RE N A, 4k R B S 48 s T R
ATRE A, AP T L mAantT., X0
SAEXT H A 1 28 1 BIF 58 b Bk . R AL
fiF1 Y g R R KSR T A RS
T VA8 T 0% 1 3 R B o DRk b S A A e 1
BRG] 3K 85 (Megalobrama amblycephala)
MLE M C3 F1 C4 19 3% M. 7 B 8 ( Labeo
rohita) “*°" ) Ifl ¥ 8 [ B A5 B A R R K F
38N R A E A AR S T O B 6%
(Trachinotus ovatus ) "*" (¥ Il 35 % B B 3 24 | I 35

AMARIE VR LS e S L A0 e R A
REPER) 0 B 38, ML 18 Bt 2 Sk
02T A PR A W AR bR . AR BRI R,
Wit 5 Ak o R A T e R A, 1T PR 5 R 1 21
HEAFTEEZHEMRABS . XKW, 5]
THALTER FTRE SR T K 1R — 7 5 BE A9 2% 1Mo
o RV PESE T AR 5Tt R Bt R I T2
SRR KA G YK R ARG R I,
Tkl P 3 B AT I P T B T T 4 R £ S it B AR
B . [ R B AT B S

4 g

DASE 56 #1102 A K R A ROR A
b, G 2 T 1IR3 AT A KT SR e v R
AT 19 38 ELAKF- 90 5 9. 22% A1 10.05% o LA
ORI SR B 9 A5 I I A2 A R R Sk S 45 AR A
PERE , FRDRE AT I AR VE B K A R T 11.96%
A5 B 235 2R AT Ay TG ) 28 B R i 8RR 1 PR B Y
TR S %
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Effects of dietary digestible starch levels on growth performance,
body composition, and non - specific immunological index of
largemouth bass ( Micropterus salmoides )

GOU Shipan, CHEN Naisong *, XU Xiangtai, LIU Zike, YIN Jia
(College of Fisheries and Life Sciences,Shanghai Ocean University ,Shanghai 201306, China)

Abstract: Six isonitrogenous and isolipidic diets with increasing digestible starch levels (5.93% ,8.71% ,
11.96% ,15.11% ,18.16% ,21.74% ) were formulated to determine suitable level of digestible starch in
diets for largemouth bass ( Micropterus salmoides) ,based on growth performance,body composition, serum
glucose and non - specific immunological index. Each diet was randomly assigned to triplicate tanks,in each
of which 35 fish with an average initial weight of (28.36 £0. 10) g were stocked. Fish were fed to apparent
satiation twice daily (8:00 and 16:00) for 48 days. At the end of feeding test,the lowest survival rate was
showed with fish fed a diet containing 21.74% dietary digestible starch (DDS) (P <0.05). Final body
weight, specific growth rate and feed intake occurred to a significant declining tendency with DDS levels
being higher than 8. 71% (P <0.05). Feed efficiency and protein efficiency ratio,however, were the highest
with fish fed 11.96% DDS (P <0.05). With an increasing DDS level, apparent digestibility coefficients
( ADCs) of dietary lipid and starch were found to be lower (P <0.05) ,but ADCs of dietary protein showed
no significant differences (P >0.05). Meanwhile,in the whole body, muscle, viscera and liver of test fish,
protein concentrations significantly decreased,but lipid concentrations became the highest in fish fed the diet
containing up to 8.71% DDS, and then declined (P <0.05). With a DDS level increasing, hepatosomatic
index , viscerosomatic index,liver glycogen content,activities of serum alanine aminotransferase and aspartate
aminotransferase significantly increased,but hemoglobin content gradually declined ( P <0.05). In fish fed
diets containing higher than 11. 96% DDS, serum glucose concentrations constantly increased from 3 to 12 h
postprandial, and a continuous hyperglycaemia was observed. The highest serum protein content and
complement activity (CH50) were found with fish fed the diet with 8. 71% DDS (P <0.05) , whereas
activities of serum lysozyme and respiratory burst of head kidney leukocytes occurred to fish fed the diet with
11.96% DDS (P <0.05). Based on broken — line regression analysis of specific growth rate and protein
efficiency ratio against DDS levels, the suitable inclusion levels of digestible starch in the diet for largemouth
bass were 9. 22% and 10. 05% ,respectively. It can be concluded from this study that largemouth bass have a
limited ability to utilize DDS efficiently.

Key words: Micropterus salmoides; feed; digestible starch; growth performance; serum glucose; body
composition; non - specific immunity
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