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5%, MIERBFTE SR AL L, Liu 201058 & 2R
TE WG BUZR 7 16l (Takifugu obscurus) (RN 7€ 1Y) B
B/ SCEEVE R R 6/19 B SZI i A HEHOR IRDRHACR
DIGEASEE Sy

K1 2 Afifi (Micropterus salmoides)& T L7 fY
REEMZE, EhERKFHNEZELFEZ
— o RTR B HERL P ER KL G P E BKE
MR A R Y IR I, Y
KEOBEGER P EAE 19%M0 KGR, Hi
R R A KRR A SRR, R R
A%, Amoah ZEUHFST &8, Wb HRR KA
KR 13%HT, R R 3 R i m, iFsS
R AR H LB INEFE B 1R R K AL & 07K
LA R B Y (NFE)#R R, Bkl NFE #
TH AL IR X — SRR R AR AR B 2, R £
AW A S0 0 T T AL SR AN AN Y . BT
IR IAIESE A 0 1 SR R H R B A R 7K
AWK A —3, DL T v BB BB, AR
S 10 3 2 VO LA R A AR T 9 1 B R Ak
F(5.93%. 8.71%. 11.96% . 15.11% . 18.16%Fl
21.74%) %R L R STHEAT TS, 45K, KN
SRS iR P B T A TE R KT RZAE 10% LA
Wo FEULWFREE Ryt b, Tk — P85
Ak E A Fh S B AN TR T B AR AR OGRS
WEFE LA 4 e by (B BT B K TEM o ELBE FOKTEHT
INZEVERS RN TERD) I I AE 5% 10% A Es
KT, Bedl T 8 Fhecs Rk, PR TR
TInTE A B0 2 KX R 1 BB s i A4 L AR
A R Ag bR SF A2, DUBHTE I AT A0 A0 53 S Al
AL, 15 R T R R IS A A TE K
TERNES K- o
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1.1 SRIgEM

SR T 8 FAERMERER AR, HAEE
I 5 A a2 AN [R], HG 3 400 T 7 % ARE s & 3 D
1. SCIIRDRHE SRR I LA T4 B DL R
KIEM (L) = ELEE EORTEM (Z). /NEZ BB (X)
RETER (M)A Fh A TEMAE RN EZ KL EY
KR, EAIER BES I ER 530 5% 10%, H

RS VA YT AR T, A% 2 TR AL AR A
o TARLPE I 0.5%0) CroOs 1 46 75 751 FH F- U
SEAHRAL AR, Wb A iV R FE 7

TR R 2K, 1 80 HI i, #5445 Fh FURE 58
SHRA ISR, I TR AR B TR R A,
FINA 30%M7KIE G 35) . R AGHDRLHL ] B E
# 3 mm, K 0.5~1.0 cm BYP0RL, FHAEH 110°C
AAL 15 min J5 T 60 CHET . THa R E B T
20 CrkFE PR
1.2 FEXWMZITSAFERE

SO AR 1 AR SRR B W PR R K 3R
BERGE AT T 0 4 AR E P SE s 240 T B Y
b, S 1145 M v A o) ek A B 2 W) B AL 1 7
K PR DR LR (5, 48%; LRI, 11%). Yl
fR5E MR, 25 24 h PURALBE, Bk (s fEoH: |
KANSIRRBY AT A dURIBR I . SEER 4l 8 Fhial
RHGEE, [ 3 ERE, FEILAECT 24 A
800 L MBS P KM i, HE/KME IR0 GR R
(23.46£0.19) g ML fa 30 FB, FRAHSLEIHrat
45 d, FK 2 ¥(8:00 F1 16:00)F WA M, ¢
B 22 B2 (A PR 7K 28 0o T 20 RIS b 1ok i o 220 4%
MR TR . B FRIH R GBI W 7, KR R
A G =6 mg/L, @A M(0.15+0.05) mg/L, pH A
(7.2£0.2), IRJE R (28£1)°C . FEFLSLLK W] K H A
SRR JE
1.3 HARESHH
131 #HARE FHESLEIFHE YA 20
AT -80°CIRAE, HFHIMRFEAR M IRLL 5T o
TR T 2 RS % Lee " W7 i 24,
HEFHLIE R, FRIHLIEE NG, 256 24 h,
FE KRG G IR R Y SR, K
BEMLIHEL 10 B fa, WK MRE, HF R8s
By, Hd s ETF-80C FRAE, AT afmik
AT, FIT Y 5 Bfadhm s H 2 mL &
S8 MR KA BN 1.0 mL, 4CHE 4 h J5 e
L2(836 g, 10 min, 4°C), 43 H L1 T80 CHR-AE,
FHF AR S e H8 A 00 2, UL =2 )5 1 £
el =Rl L3 1 e 5 s R N A DTN
FLrg i, T -80°C FAAAE, I A4 40 7,
HUMZE 7 LA T80 CHRA7, FHT WL RIS 04T -
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Tab. 1 Formulation and proximate analysis of trial diets %
P H%] group
content L5 L10 z5 710 X5 X10 M5 M10

5.40% 9.84% 4.77% 7.83% 5.22% 9.43% 531% 10.80%
Ffit Bl *basal ingredient 79.00 79.00 79.00 79.00 79.00 79.00 79.00 79.00
Kl soybean oil 7.50 5.32 7.50 5.32 7.50 5.32 7.50 5.32
HEVER) raw starch 5.00 10.00 5.00 10.00 5.00 10.00 5.00 10.00
WA zeolite powder 8.50 5.68 8.50 5.68 8.50 5.68 8.50 5.68
41t total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
204357 HT proximate analysis
HMIZE A crude protein 47.65 48.32 48.23 4791 48.24 48.65 48.48 48.83
HLIENS crude lipid 12.98 10.19 12.82 9.78 12.87 10.06 12.33 9.81
/K4y moisture 9.32 9.14 9.48 9.21 9.35 9.19 9.30 9.23
K4y ash 18.13 15.13 17.99 15.30 18.02 15.09 18.20 15.26
HMEF4E crude fiber 0.70 0.71 0.56 0.69 0.79 0.83 1.13 1.18
A4 ILIEHS digestible starch 5.40 9.84 4.77 7.83 5.22 9.43 5.31 10.28
PUPEVER) resistant starch 0.12 0.20 2.02 4.23 0.17 0.25 0.19 0.24
JAE/(MI-kg ") gross energy 18.48 18.41 18.50 18.27 18.51 18.41 18.38 18.34

Ha. BEAEH(%): FOR, 18.00; L0k, 30.00; A, 10.00; ORI, 5.00; BT IMERED, 4.00; A Bk, 4.00; BEEER, 0.50; B
HERS, 2.00; B2 —&55, 0.80; Z4E*, 1.00; £ **, 0.70; KEBEARIN, 2.50; =% 1k —%, 0.50.

*ZUE(IU B mg kg FHRD: 4E4: 3 A, 16000 1U; 4E2E % D, 8000 1U; 42l K, 14.72; 4E/E %K B, 17.80; 4E/E %K B,, 48; 44 % By,
29.52; 4EEE Bp, 0.24; A K E, 160; 4i4 %K C, 800; MHPEENEL, 79.20; 1Z LTS, 73.60; MR, 6.40; EWHK, 0.64; WLEE, 320; SALNHGH,
1500; L- A1, 100.

**Z 7" (mg-kg' Tkh: #1(CuS0,), 2.00; #%(ZnS0,), 34.40; 4#(MnSO,), 6.20; #k(FeSO,), 21.10; Ml[Ca(I0;),], 1.63; fifi(Na,Se0s3),
0.18; #4(CoCly), 0.24; £ (MgS0,-H,0), 52.70.

Note: Basal ingredient (%): white fish meal, 18.00; red brown fish meal, 30.00; soybean meal, 10.00; corn gluten powder, 5.00; spray-dried
blood powder, 4.00; wheat gluten meal, 4.00; brewer’s yeast meal, 0.50; squid viscera meal, 2.00; Ca(H,PO,),, 0.80; vitamin premix*, 1.00;
mineral premix**, 0.70; soybean phospholipid oil, 2.50; Cr,0;, 0.50.

* Vitamin premix (IU or mg-kg™" dry diet): vitamin A, 16000 IU; vitamin D3, 8000 IU; vitamin K3, 14.72; vitamin B,, 17.80; vitamin B,, 48;
vitamin Bg, 29.52; vitamin B,,, 0.24; vitamin E, 160; vitamin C, 800; niacinamide, 79.20; calcium-pantothenate, 73.60; folic acid, 6.40; biotin,
0.64; inositol, 320; choline chloride, 1500; L-carnitine, 100.

** Mineral premix (mg-kg' dry diet): Cu (CuSOy,), 2.00; Zn (ZnSOy), 34.40; Mn (MnSOy,), 6.20; Fe (FeSO,), 21.10; I [Ca(I0s),], 1.63; Se
(Na,Se0s3), 0.18; Co (CoCly), 0.24; Mg (MgS0,4-H,0), 52.70.

DL ESRAESE T, TR 43 1 52 50 £0 4k 25 T AR 1
PIRDEHIE SR 1 A, FREAT OBEAEAS R . 4300
KRG — MG 3h, 6 h, 9h Al 12 h FILHE
FEAR, BRI A B K S RERLCR A 3 B fh, 254
B 1 mL F 4°C#rE 4 h J5 2500836 g, 10 min,
4°C), 43 g T A e o 55 4h, &
JKFEEL 3 e, fREF KM 1 mL M, & 15
IR s 5 & T 4CukEE R, AT
M 2T AR A 2 o AR T RSS20 8 H] T H0CK
A Sk B 10 448 0 1 P AR % 3 P 000
1.3.2 HEBERX Aot ARk, ef . WUR. R
AT A AT R AR s K ad R ik
Mg, 76 105CHETEEE; Koo RAH D

P (SIS A FD) T 550°C FRBEE ;&
H T 5ok L IR 2 AL (Kjeltee 2200, FOSS,
PRI RE; At LD RN A9 B A i A -
F s 2 U, GDR B I 5 SR 2R R BRI 0 58
1 (SOX416, Gerhardt, F&[E )%, AL 4R S
TR AT 4 22 2 {(FT12, Gerhardt, 72 [E)IE;
o) et R S A6 ] Ak R AN B P S R B R
AOAC M EN Y, AR P Y Cro0; F R
Al Divakaran 205 g5 B I R
TR 2 Ol

1.3.3 mMEFHEHFNE HAFLESRS O E
W52 1217 1 A7 LA Natt and Herrick 315!
W5 MR B 200 1), IR B2 40
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LT 40 25 5% FH Wintrobe (2264 g B5.0) !,
LT 8 2 WE R B L ¥ = R JIH o s R
B A ) TR 5 T A AR G

1.3.4 REIERME R ML I il i
B G PE O, SR T 0 v 0 S I 3 R R
FrE UL AMASTE P I E 2R 2 L AR 1 A BT
JrEPY L 3B AN o B S R TR PTG
B AT o K5 40 R T AR e T SR T A
U e 8 (NBT )£ 70 2 ),

14 HEAX

B F[feeding rate, FR, g/(F&-d)]="T1a
A /[(WI 1k A ZOR B A)/2)/1 35 KA

1715 & (survival rate, SR)=2K EE/¥) ik E
$x100%;

i e A4 K (specific growth rate, SGR, %/d)=
(In ARARH —In ) 1A 5 ) /48] 55 K A< 100;

PRFI$E %0 (condition factor, CF)={KH (g)/fk+
(em®)x100;

TR R % (feed efficiency rate, FER)=(AK {4 & -
FIREE ) A AT < 100%;

AR (protein efficiency rate, PER)=(K
PR M) AR A B B < 100%;

JFA e (hepatosmatic index, HSI)=JIT 5 (g)/ff
TR (2)x100%;

JIE A& [t (viscerosomatic index, VSI)= I &
(g)/ 1A (2)x100%;

IR W) 2 WL T 1k K (apparent  digestibility
coefficient, ADC)=[1—-(ZE(H & F= W) Jo & & /15 k}
HE SR B S w )< (B Cr05 & /28 fE
Cr,05 Fi)] x100%;

HH F B UTF R (protein deposition rate, PDR) =
TR DT A AER BT 3 < 100%;

BE Wi TFL R (lipid deposition rate, LDR)={A& g
I AR B A AR T %< 100% o
1.5 HIFEABIGE TS

AR D EPRfE R R KRR . R
SPSS 17.0 X 4l #E 17 XL & 5 22 43 # (two-way
ANOVA), F Duncan [CQEEiFf72 R £ 5 W &ML
B, WEKFE P<0.05, FHZAMERIEBA R TAH G
PR 5

2 #RE5HH

2.1 EARRRMBERIERKEXEKINEF
=R AN

W 2, 3% 3 Fiw, R e R I I K SF-Xf
IR ER . RIRE . e A RKR . AL
RO E ORI 5
(P<0.05), XI5 Wi TCAR 3 T0 1 3 5 e (P>0.05) . il
% A —Fh e M3 A = A 5%TF+ = 10%, L10, X10
I M10 5250 0 R IR EE | Fr B KRR R
P I 25 PR AR (P<0.05), 1M i) Rl 550R R AR B AR
& TR (P<0.05), 18 25 F1 210 ZH /8] FiRTE bR
ZF AR E (P>0.05); & A BIIRUR ST &1
o Hd 710 2 B % 71 (P<0.05); L10 A1 X10 44
(06 i DU R B 3 B AIR(P<0.05), 1 Z10 4145
7350 R 6 i 25 FH 5 (P<0.05) o ALk H (4 B8 3 5 0T 52
I py R MRROR . P RSeR . EE R
UURR AR I DORL 2 0 5% ) & 3% (P<0.05), 11 Xif
AR AR RE A KR T R IR (P>0.05) o AN A Y
VER R AEAH [F] (A s (B LT, MS 4R DRk
R AR B ECT LS. Z5 1 XS5 4(P<0.05);
Z10 HEm R AEE ., FFEdKEARERD
25T L10. X10 F1 M10 41(P<0.05); M5 4%
R TURAR B KT X5 41(P<0.05); 25 4119 1] i
DIRZEET L5, X5 f1 M5 4, BEFARE
(P>0.05); M10 41 A9 8 H TR 8 K F Z10 41
(P<0.05); Z10 L0 A W Ui AR B3 & F L10.X10
1 M10 41(P<0.05), Tk op & 43 10 s /K SF- Fn i
P UERT LI A R . KRR . RRE AR
Jg Wi DA A 1 3 14 28 HAE I (P<0.05), 1 % 4]
RESCR R H BRRCR R A RIS 52 BAEH
AN IE(P>0.05),

DL 8 Al b i vl T Ak YE B KT () 5 5L G £
AR E K RO RBHWEERTXLREN: y =
—0.0605x +3.364 (R* = 0.8115), Xi#t—LE£M, 7F
AN R VE R TR A SZ A I LT, Ak R T T
AR T A 7K - i 25 i M K 11 R A

mE 4 FroR, PR E R A K SEXEE K
FVER 15 114 28 WL Ak 6 1 52 1) 13 (P<0.05) . B
] —FhVERS AR B N 5%TFZ 10%, M10 2H 7
Ho3 2 WL AL 23 W 2 B AR (P<0.05); L10. 210 H1 M10
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Tab. 2 Effectsof dietary supplemental starch source and level on growth performance
n=3; X +SE
WA /% VEH IR fithr_index
adding level starch source WK /g initial body weight A AT /g final body weight {5 %/% SR 4 EK%/(% d') SGR
5 L 23.50+0.06 92.00+3.15% 100.00+0.00 3.03+0.08°
10 L 23.38+0.06 80.67+0.38" 100.00+0.00 2.75+0.02°
5 Z 23.33+0.10 91.56+2.89" 100.00+0.00 3.04+0.07°
10 Z 23.39+0.06 90.89+2.32% 100.00+0.00 3.01+0.05%
5 X 23.56+0.15 94.44+2.56 100.00+0.00 3.08+0.07*
10 X 23.6120.20 78.89+1.98° 100.00+0.00 2.68+0.07°
5 M 23.29+0.06 90.89+0.22% 100.00+0.00 3.02+0.01°
10 M 23.50+0.10 82.44+1.23° 100.00+0.00 2.79+0.04°
WH 27 2245581 two-way ANOVA
IHKF adding level 0.000 0.000
JERIE starch source 0.102 0.066
ZHAEH interaction 0.019 0.024
e BB bR AS TR 2 4H TR A7 AE B 3 2% 5 (P<0.05).
Note: Values in each column with different superscripts are significantly different (P<0.05).
* 3 ARHRMEERIRERKEXNEFREF BN
Tab.3 Effectsof dietary supplemental starch source and level on nutrient utilization
n=3; X +SE

BIMARF/% TEA IR

845 index

adding level  starch source

BER/(g B 'dFR TARHCR/% FER 2 1 EELH /% PER & [ RUIFH/% PDR i i DA %R /% LDR

5 L 1.34£0.07° 113.76+1.00%
10 L 1.05+0.01° 121.65+1.00°
5 z 1.36+0.05° 111.69+1.00%
10 z 1.32+0.05° 113.64+1.00%
5 X 1.36+0.04° 115.65+1.00°
10 X 1.03+0.03° 119.50+1.00*
5 M 1.39£0.01° 108.80+1.00¢
10 M 1.07+0.02° 115.00+2.00%
WHZE T 225041 two-way ANOVA
WAN7KSF adding level 0.000 0.000
VEMR starch source 0.006 0.000
A HAEH interaction 0.008 0.058

87.26+1.16"
75.36+2.09¢
91.68+1.37°
104.77+4.58"
85.58+1.67"

40.88+0.35"
41.75+0.42%
40.41+0.56
42.24+0.51°
41.58+0.35%

238.75+1.00°
251.75+2.00°
231.58+2.00°
237.21%1.00%
239.74+2.00"

245.64+3.00™ 41.69£0.30™ 76.81+1.149

224.4241.00° 40.110.48° 86.92+1.48"

235.49+3.00% 40.55+0.33% 84.50+1.12°
0.000 0.008 0.101
0.000 0.018 0.000
0.261 0.209 0.000

TE: [FIZVEE B AR A R 37 4 R AE7E (B35 25 5:(P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

2R R AL B TR, 1 X10 419 8
5 22 LT b 38 B B AR (P<0.05) . BDRE P A e
U5 X B AR 5 Y R L kR R ) g
(P<0.05) AN [R] A TE A AR AR TR A I (1 0L T
Z5 FI M5 21 B E H 2 W Ak % 8 2K LS Al X5
4 (P<0.05); X5 HME A FHAR R E ST LS.,
Z5 FI M5 2H(P<0.05); Z10 F1 M10 41 1 & K5 2 W0

b7 B 3R T L10 F1 X10 41(P<0.05); M10 2H 1Y /&

H R ALE % 8 EKF L1o, X10 #l M10 41

(P<0.05) o Tl A6k r 3 93 18 94 0 7K ST 0 A3 Y5 X6} 26 14

JoT 2 WL Ak Z 1 52 BAE T B 3 (P<0.05), T 4 €

3 2RI A6 R 1958 B AE AN .35 (P>0.05).

2.2 fARIRRMEE R R KT X A E R 0
mE 5 FroR, PR E R A K E X4 £
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Tab. 4 Effectsof dietary supplemental starch source and level on digestibility rate

n=3; X+SE

845 index

W IMAKE/% adding level VERI R starch source

TE K 2R LIH 1L %/ % starch ADC

2 1 R WA fE #6/% protein ADC

5 L
10 L
5 Z
10 Z
5 X
10 X
5 M
10 M

WA ZE T 25081 Two-way ANOVA
BINIKFE adding level
VEMIR starch source

A2 HAEH interaction

99.39+0.13° 90.51+0.20°
97.37+0.26™ 91.78+0.06"
61.29+0.27° 90.74+0.23°
61.48+2.19° 92.68+0.02°
97.06£0.19® 92.74+0.03°
94.88+0.02° 91.72+0.01°
83.00+1.00° 88.26+0.06°
77.77£0.04° 89.32+0.03¢
0.005 0.000
0.000 0.000
0.078 0.000

e BB bR AS TR 2 4H TR A7 AE B 3 2% 5 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

(0 B 10 K 43 ik, WLIRRY SR T . B 1D Rk 43
S, WEAR . BB . KRR Sy & 5
i) ¢ 2 (P<0.05) B [F]—Fh Ve 83 (U 2 M 5%
THZE 10%, 525 I & & E R REAR
(P<0.05); WLPAEE BT i A R i i 3, o
X5 Fl X10 4l =z [h] 2% 57 i 3% (P<0.05); @ FfFY
JE W7 & i B F R (P<0.05), L10 F11 X10 44 LN Y
Bli & B EREK(P<0.05); L10. Z10 F1 X10 41
240 7K 3 1 i 25 TR (P<0.05), L10 1 X10 21
JL PRI B9 7K 43 B s 44 B2 35 T 5 (P<0.05); L10,
X10 F1 M10 2 A K53 1 1 25 B AR (P<0.05)
Tl Ak e A A VR X 4 R I B A L BRI RK o
a, DUAME A BB . KRS &,
BT KSR 53 8 (10 5 TR i 35 (P<0.05) . A
Ivi) 4D S 93 R AE R ] A S IR A L R, MIS 4 4
(R A RSB E ST LS 41(P<0.05); 25 414
HIRE I & T LS. XS5 A MS 41, M5 4
K &R E S T LS. 25 Fil X5 41(P<0.05);
Ms AN K SEREmT LS A zZs 4
(P<0.05); M5 A5 & &t i 25 T LS Fl X5
ZH(P<0.05); X5 HIFMI7K & B EMT LS. Z5
1 M5 41(P<0.05); Z10 4410 i s & & & v
F L10, X10 F1 M10 41(P<0.05); L10 1 X10 204>

i RFR KGR EEST Z10 1 M10 4
(P<0.05); Z10 F1 M10 A LA Y RE 7 & & W& 5 T
L10 F1 X10 41(P<0.05); Z10 ZH JT (91K 53 R 2K (i
SEBERT LI0, X10 F1 M10 £ (P<0.05),
REHRSE R 0 VS I K ST 0 A R X 4 £ ) R R
JE Wi FK 43 ik, LRI B I K o 2 i, Y
BAF . IR KRRy & A BE NS AR
FH(P<0.05), Tfiixf 4y Ko & &, JLIRME M
J R 535 5 28 BAE A 1.2 (P>0.05)

mE 6 FraR, PR E M U K SF X 52 5
B FFAR L IR L R R 2 2 A R
(P<0.05), Pfid5 [F]—FhyE gy s AN 5% Tt =
10%, S50 0 A bE R4S LU R B i &5 33 7
B, Hod Zs R Z10 dhal B EAR 2 ROR
(P>0.05), TRl v il T 3 Y X S 08 £ ) AR LG L JE
A L A TR 55 2 199 5 ) . 3 (P<0.05) o AN [ 1
W AEAH R s s s LR, 25 R H i
FART L5 F1 X5 4(P<0.05), H. Z5 2H B 1 i
fi%, {H5 L5 X5 F1 MS 4% AT 8 5 122 5 (P>0.05);
Z5. X5 M1 M5 4L pE RS B R T LS 4
(P<0.05); Z10 ZH A FF4A HE ORI IR A EL 35 B IR
L10., X10 FI M10 2H(P<0.05), T FFHE 5 & & 2%
T L10 F1 M10 £H(P<0.05), falkFyEks i hn
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Tab.5 Effectsof dietary supplemental starch source and level on fish body composition

n=3; X+SE
K T-1% VER IR 5 _index
adding level starch source HLEE /% crude protein AN /% crude lipid K53 /% moisture K53 1% ash
4=ffi whole fish body
5 L 17.44+0.10% 9.17+0.12° 69.26+0.14% 3.91£0.09™
10 L 17.10+0.12¢ 6.48+0.13¢ 71.81+0.19* 3.83+0.08"
5 Z 17.69+0.18% 9.59+0.12° 69.01+0.10¢ 3.96+0.07%
10 z 17.95+0.16™ 8.63+0.17° 69.71£0.18° 4.18+0.10°
5 X 17.60+0.09** 8.87+0.15% 69.57+0.17° 4.00+0.13%
10 X 17.39+0.09% 6.59+0.08° 71.70+0.19° 3.96+0.13%
5 M 18.00+0.16° 9.08+0.11° 70.71+0.12° 4.04+0.10"
10 M 17.55+0.11% 7.11£0.07¢ 70.45+0.13° 4.1420.11%
MR E T 25581 two-way ANOVA
WINKF adding level 0.053 0.000 0.000 0.491
¥ starch source . . . .
TEA IR h 0.000 0.000 0.000 0.141
L HAE interaction 0.044 0.000 0.000 0.449
WL muscle
5 L 19.76+0.07" 2.25+0.09* 77.58+0.07% 1.19+0.01°
10 L 19.45+0.07¢ 1.78+0.09° 78.44+0.10° 1.23+0.03%°
5 Z 19.93+0.05® 2.22+0.06" 77.62+0.05% 1.16+0.01¢
10 Z 19.88+0.09* 2.28+0.10" 77.59+0.15% 1.20+0.01°¢
5 X 20.21£0.20° 2.24+0.06" 77.51%0.09° 1.23+0.01%
10 X 19.52+0.13° 1.7440.07° 78.35+0.16™ 1.24+0.01*
5 M 20.04+0.16* 2.24+0.06" 77.87+0.09% 1.25+0.02°
10 M 19.75+0.07" 2.10+0.06° 78.08+0.07" 1.23£0.01%
XUHE T 25507 two-way ANOVA
WINKF adding level 0.000 0.000 0.000 0.138
JER R starch source 0.032 0.002 0.001 0.000
A HAEM interaction 0.057 0.001 0.000 0.224
I liver
5 L 8.30+0.14° 3.51+0.04% 68.22+0.13% 1.27+0.04*
10 L 6.14+0.07¢ 3.07+0.13% 70.06+0.14 0.89+0.01°
5 z 9.05+0.14° 3.7240.18% 68.15+0.06° 1.22+0.03"
10 Z 8.21+0.15° 3.18+0.13% 67.74+0.07¢ 1.1740.06*
5 X 8.31+0.04° 3.49+0.20% 67.78+0.12¢ 1.18+0.04*
10 X 6.09+0.03¢ 2.95+0.18% 69.98+0.15" 0.87+0.01°
5 M 8.89+0.03° 3.96+0.10° 68.20+0.04% 1.16+0.05*
10 M 6.46+0.07° 2.93+0.03¢ 68.50+0.06" 0.94+0.02°
WHZ T 225007 two-way ANOVA
WINKF adding level 0.000 0.000 0.000 0.000
VEME starch source 0.000 0.403 0.000 0.000
ZHAEM interaction 0.000 0.021 0.000 0.000

VE: [FZIEEE FARAS R R 21 (R A7 7E 1 35 22 57 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).
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Tab. 6 Effectsof dietary supplemental starch source and level on HSI, VS, liver glycogen and CF

n=3; X +SE

BIMARF-1% VEAR I

845 index

adding level starch source FFR /% HST JEAA FE/% VST HFHE /% liver glycogen PRFIFEH condition factor (CF)
5 L 2.42+0.07° 7.54£0.22" 7.81+0.17° 2.35+0.05
10 L 4.78+0.21° 8.54+0.54° 8.45+0.12° 2.32+0.06
5 z 1.84+0.04° 6.80+0.26° 6.63+0.23¢ 2.26+0.04
10 z 2.48+0.07° 7.2240.18° 7.27+0.16° 2.36+0.05
5 X 2.350.06% 7.2740.12¢ 6.42+0.16° 2.40+0.04
10 X 4.68+0.21° 9.10+0.39° 7.53+0.15% 2.40+0.05
5 M 2.04+0.04% 7.18+0.17° 6.12+0.32¢ 2.33+0.04
10 M 3.85+0.13° 8.23+0.27™ 8.37+0.19" 2.39+0.03

WA T 245387 two-way ANOVA
#MAKF adding level 0.000 0.000 0.000 0.375
TEMHR starch source 0.000 0.001 0.000 0.262
ZHAEM interaction 0.000 0.135 0.000 0.502

e BB bR AS TR 2 4H TR A7 AE B 3 2% 5 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

TRV FITGE 3 5 X 5 36 £ f) A L 0 P D 5 2 1)
S HAEH L3 (P<0.05), 1000 MR o iy 22 5AE
A3 (P>0.05),

FHOCHE ST BT R, SEge iy IR L (v . BEA
FE (vo) R D 55 2 (v3) 55 TR RT3 A 0 0 1 2
HOOFAELMEEACKR R . BIH TRy =
0.4598x—0.2835 (R>=0.8139), 1,=0.2852x+5.6644 (R*=
0.7013), y3=0.2991x+5.1534 (R*=0.6377).

2.3 fEA R AR 0 B AR R K E X I R 2 FE AR
SEA |

MR 7 B, TR e R A s KT X 5 5
a2 AR R AR L I H I AR TE [
(1) 52 ) {8 35 (P<0.05), X I & 21 440 it 50Fn i 21 &%
& T W 0 (P>0.05) , Fifi 5 [a] — Rh e B i s
fns N 5%THZE 10%, 5550 Y I 2T 40 i 450
ZT i T AR S4BT, Horb LS A 110 2H 22 8] B 2148
JHOBSRN 21 200 it e AR 22 5 3 35 (P<0.05), X5 1 X10
20 2 [] 9 21 40 il R AR 25 57 B 3 (P<0.05); L10, X10
M0 A9 LT8R 11 & BRI, 10 210 Ayl 21 4R
H& 8w, HARLEA B2 (P>0.05); Z10 F1
X10 2138 0 H b =g & i W 35 PRI (P<0.05);
L10 F1 M10 ZH Il 7 B S R (36 st 2 B v (P<
0.05) o Al Ask H A9 i TR RT SI2 6  1 1L 2T 2 1

I ¥ H 90 = TR R0 R R A o Y R R (P<
0.05), X IfiL Y05 £1. 241 Jifd H50FN 21 40 i e AR TG 48 3 5% Tl
(P>0.05) AR A T A IR AR AR R A A = () 1S 00
X5 Y ML A & B = T Z5 41(P<0.05); Z5
FXS 4 IE A H W = ER & 2 B2 & T LS 1 MS
ZH(P<0.05); L5, Z5 F1 X5 ZH M7 1 b JIE [ B &
BT M5 41(P<0.05); Z10 F1 M10 2H ifn 74 19 H
=R SR B T L10 A1 X 10 4H(P<0.05); L10
2 DML 1) A IR ] o 2 T MI10 4H.(P<0.05)
oAk r 3 A ) T AT AR o T T S 6 £ 114 YR
CTANMEAR . I H R R TR [ A A
1 8 3% (P<0.05), 10 X6 21 240 A Fi AFUR Il 21 25 4
TR EAEHA R EP>0.05),
2.4 4o ER A0 O E MR Rz 7K S X+ i A Uk F Y
Al

mE 8 R, TR E M (U K SF X 52 5
025 J AN ) B[] B3 1 IR 1) 5% T d 25 (P<0.05) o 7E
ZIETEMACE MBI T, LS. Z5 il X5 H%E
J& (3~12 h) A A KP4 FAR T L10, Z10 F1 X10
2 o Ak R B A R X A I AN (] B () B D It
SR 2 (P<0.05) . 1675 JEIEM IR 2 M G LT,
710 F1 M10 1% 5 (3~9 h) A LA 2 25K T L10 A
X10 ZH o Ak A i B i s K S o Y5 0T S 56



%2 KT RS R PR S A v i P B D A DR S AN K 325
R 7 AR DAY E IR B K T3 MR HE AR R F 0
Tab.7 Effects of dietary supplemental starch source and level on hematological indices
n=3; X +SE
- 845 ind
kT R e

adding level

starch 27 g %K /(102cells L") £L4MMER/%  MAHEMA/(g L")  Hl =8/ (mg-mL™)

AIEFE B/ (mg-mL ™)

source erythrocyte count hematokrit hemoglobin triglyceride content  total cholesterol content
5 L 2.44+0.08" 49.71+8.63% 59.20+1.10"¢ 9.74+1.08" 4.29+0.22°
10 L 2.16+0.08" 41.59£1.93° 54.73+2.58¢ 8.68+0.25° 4.85+0.16"
5 z 2.25+0.09"° 45.57£2.11™°  55.58+1.25% 15.22+1.27° 4.1540.11°
10 z 2.08+0.08° 40.18+3.49° 57.55+1.24%¢ 11.62+0.42° 4.42+0.13"
5 X 2.27+0.08™* 53.08+3.06° 63.61+2.87° 14.37+0.85° 4.58+0.23"
10 X 2.21+0.06™° 42.61+2.41% 60.98+1.92% 8.53+0.25° 4.69+0.22%
5 M 2.39£0.07™ 47.28+2.54™  62.94+1.46™ 11.15+0.76° 3.20£0.16°
10 M 2.24+0.07*° 43.55+1.89% 60.22+1.20™¢ 11.76+0.32° 4.28+0.14°
WH 2T 225501 two-way ANOVA
TRINKSE adding level 0.093 0.000 0.140 0.000 0.000
FEHE starch source 0.184 0.288 0.002 0.000 0.000
ZHAEM interaction 0.041 0.545 0.342 0.000 0.041

&8 AR AR B IR B KT X R T MR K B AR

Tab.8 Effectsof dietary supplemental starch source and level on postprandial serum glucose levels

mmol/L; n=3; X =SE

BIMAKT-1% TEA R 4 J5 ] /h postprandial time
adding level starch source 3 6 9 12
5 9.94+0.30"b< 8.15+0.415%¢ 6.84+0.23B¢* 6.57+0.27°¢
10 L 15.57+1.665* 20.87+2.874° 22.52+1.45% 22.10£1.534
5 z 8.68+0.50* 8.01+0.1948* 7.71£0.245¢¢ 6.90+0.29“¢
10 Z 8.49+0.27"4¢ 7.38+0.205¢ 8.46+0.34"¢ 7.30+0.215¢
5 X 10.27+0.274bd 8.29+0.238¢¢ 7.73+0.37°P¢ 6.48+0.28"°
10 X 11.11£0.645¢° 28.83+4.13"° 14.08+2.285¢ 7.91+0.78
5 M 10.75+0.17°b 9.10+£0.455¢ 6.67+0.24%¢ 6.10+0.21¢¢
10 M 9.06+0.294Bb<d 9.20+£0.24"° 8.65+0.86"¢ 9.58+0.25"°
WHZE T 25041 two-way ANOVA
HKSF adding level 0.020 0.000 0.000 0.000
P starch source . .000 . .000
TE A VR h 0.000 0.00 0.000 0.00
ZZHAER interaction 0.000 0.000 0.000 0.000

e AT AR _Ebs RS TR 22 7 B35 (P<0.05), [RIFIA R _EFr/ NG FhE R 22 7 B35 (P<0.05).

Note: 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).

i1 8 5 45 A I 1) BE B i BE A 3 0 58 HOAE
(P<0.05).

L5, Z5. X5 Fl M5 418 )5 (3~12 h)H ik
- B AR (P<0.05); L10 A% /5 6 h, 9h Fl 12 h
Z 8] 1B A A Bk 3 25 ¢ (P>0.05), (H iR
7T 3 h (P<0.05); Z10 4148 )7 3 h 1 9 h (1) I 4%
K REE T 6 h 12 h (P<0.05); X100 )5 6 h

MK B ® T 3 hy 9 h #1112 h (P<0.05);
M10 48 5 (3~12 h) B M AT A B 1L .
25 fARBRMEESERKENESERER
R HE R B RN

g 9 Fras, GEPEHhIE # AU K P X S8 5
1 14) 100375 V5 TR TG 2 1) B ) B 3 (P<0.05), 1T XF
LV 28 % 6 IV AR I P R IR AR A 3% 1 T
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Tab.9 Effectsof dietary supplemental starch source and level on non-specific immunological indices
n=3; X +SE
. fE84F index
BIAKSF1% BRI
starch source VAP MGG HE/(U-pL™) 1ML 2 M /(mg-mL™) I #MAE PE/(U-mL ™) W1 4% & 3 £ OD

adding level

lysozyme activity serum protein content serum CHsg activity respiratory burst activity
5 L 3.83+0.27 39.43+0.92% 238.71+3.82° 1.86+0.24
10 L 4.84+0.19% 40.55+0.62% 248.65+7.28° 1.77+0.19
5 z 4.34+0.21 40.10+1.34® 392.81+46.78" 1.76+0.25
10 Z 3.94£0.23% 35.89+1.87° 220.97+12.99¢ 1.34+0.17
5 X 3.37+0.24¢ 37.38+0.66" 252.65+9.27° 1.34£0.10
10 X 5.21+0.24° 38.74+1.79" 371.47+25.56° 1.29+0.12
5 M 4.78+0.10% 41.61£1.24° 342.87+6.90° 1.45+0.19
10 M 5.14+0.22° 40.60+0.76™ 357.18+15.42° 1.81+0.26
WH 27 225581 two-way ANOVA
HKSF adding level 0.000 0.446 0.631 0.710
VEMIR starch source 0.004 0.060 0.001 0.033
ZHAEM interaction 0.000 0.132 0.000 0.338

e WA B RS R RoR 2251 38 (P<0.05), FIBIA EAs/ NG 71378 22 53 ik 3 (P<0.05).

Note: 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).

i E S (P>0.05) o Bl 5 [] — 0 € #3195 o 4 DA
5%TF = 10%, L10 F1 X 10 ZH f I 375 1 b il v i
ZTHE (P<0.05), T Z10 A1 MI10 47846 A 52
(P>0.05); L10 1 X10 21 i) 1 i 2 11 & 2 Th e, 1
Z10 F1 M10 HREMR, Hrb 25 F1 210 A2 [6)A
22 5 (P<0.05); Z10 ZH 1 I35 #MATE M . 2
ik (P<0.05), X10 21 {1 375 40 1R 35 M 53 7+ &
(P<0.05), 1 L10 F1 MI10 4% A W% k(P>
0.05) Rl (1R T A3 R T 52 36 £ (14 1AL 75 V75 T I
PE L DA T RN I AR T 3 P T )
(P<0.05), X I i & H 7 770 W3 % Wi (P>0.05)

AN TR 4 T Ho3 T8 A6 R TR] 9 8 0 2 I 0, MS 4
I35 7 TR BTG & = T LS A XS 4H(P<0.05);
M5 AP iEEH & am T L5, Z5 f X5 41, H
5 X5 4025 5% 5. (P<0.05); Z5 F1 M5 ZH 1 1f 74 #b
PRTE I B 2 T LS A X5 2H(P<0.05); L10, X10
T M10 201 5 S T R IS PE 3 = T Z10 4
(P<0.05); L10 F1 M10 41/ 17 & (1 % = B 5 = T
710 ZH(P<0.05); X 10 F1 M10 2H Fi% Il 775 #MA I 74
FEET L10 F1 Z10 4H(P<0.05), fakhiEk i v
TS R R Y XTSI 56 £ %) XL T A T O e A o

T FMATE P 19 28 BAE ] S 35 (P<0.05), 171 X I i
B T R TR S BAE O W
(P>0.05),

3 it
31 FRHR IR K TR K O B

ERKMERZF AN

CA TR, R R oK A G P R
5K X 28 0 A VS 37 R B9 A I ] 7 4R
FR Y AR R B, BR T A KTk
bb, HABVERIBEE BN E N 5% T2 10%, KIH B
£ PR £ B AR AR LR ORI TR, (BB RN
AR L. SER0N TR R4 K73
il e F 22 S A 3K — IR AERT H AR (Seriola
quinqueradiata) W 5¢ P Bl & BT, T & i e
SR S5 R AR R 41 S g b, AR R Rl o ]
kb ARG LU R T 5 T PRI . Peres 25 201X R UH Vg
fifi(Dicentrarchus labrax)BIMF 53 B, WL TE Ry
11193 A o Avee i S e SR A Sy T R = G
R, SR TTIALTE M 58 2 AR IR Hh 9 A2 TE S
T ARKFEERMK., AU, ARERT

B
2

1= VA
o
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VERY S hE L ELIERY A TS B m TR |
AL R i v LM R o SR 5 3R IMRE R S O B R
B A AR ST 28 SR A, RIS M, A
I VEM WAL R0 T DB RE Ak, X AT RE
WA T £ W i 1 ) HE s R, DT 5 £ il /),
BRI G P HRGE R, A0
FEA RIS BRI AR B RCRIEAE (R 3),
KB R R AI 10% 3BT L 5%k T
B, (B A A S = R ) GR 2).

TR LB R VE by 2H 1 TE A R LT LR B IR
THA 3 FhiERY (R 4), FEHIERE, FRE L
HRL AR S B 110 CRV b R b, &5 & B ik
T ARTEH 7 B BUR BE LS M 7E AR T NI T
RS; HUPETER ) RS HLPETE N X B R AT — 5 1
Pobk, ML T v ELAE TR SR 1 1L B0
W 5T B R VE R /N T A AR B TE Ay DY S B VE
T, MELUERL RS; PitEiEss, FI e
AR R o ABIEFEXS L BT e 1 2 A (R 1)
WhoR, & EEE R ER R BT TE R &
F e T HAL 3 ARy . I, RS HUHETER 1B 1L
ST UK T R 008 vy LB R K TE Y LT L%
AR T HAD 3 AP IE R AR

EAS—HR A, TEMEREb I8 /Y 7S i 14
10% B B0, 5 ELBE K TE R 41 i K H R i Y
R AR KRB R B3 = T B OKTER . /)
ZVER MR E R . P UL, DR BE R A2
B CH A A e MR R 1T PR B Y AR I S Al
AT WA . TR BB S SCRETE N Z LEXT
FH i (Morone chrysops @ xM. saxatilis 3)HA 2
WIS, (R AR S SR E Y 2 e 7/3 A
{18 BF1 D' s (1% 15 i 238 >4 S 4 i A 20 > B 5 S e
Bty 3/7 410N, HEEVER Z BT UL S BEVE R A
B A R 1 PR SR AR g MR, A2
HEA E R R ARICR (R 4), THRER T
ZWMELIBIE AL RS PUtETERS, AT 52 40
A5 AR GR 8) . ABFRR RN, XIuE
5 FH T SR e 5 ZE bl = ROBR IR R 7,
HERERTCYIE, T HEE ERTER X RS
I 5 (B AT G Le A UL, A RS TR AR
HHRARSE
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3.2 fARHRMIEBEF K EXKOBHH
12k 26 B Y 5 )

AHIE G 5 56 1) R O S8 A A A RE Y 3, LA
Jig W7 119 fie e e R R e T . BE R TRDRE T E A
KB IR 5%TH 2 10%, GRDEL b 0 B D5 %
AN R, PRSI A8k, e FILA R
A B A R (5 R OK v R 4 1)
Ay, KA S EA T EES, HERRS &
AR, SRR & = BRI 5). X
ARH, K0S ff o ] Al ) b A 2 — A P,
T} r AR 2 B 5 Y T S AN g s, [
IHBE R AL N IR T e T A BR . BRI, S T 3R
PR R 1 PR B SRR A L B, R TR E R
SR8 15 ELB] . TR B 7K S AR GE R 1 Fop 2 A
LM R &
33 ARARMEMMFEMKENKOELHD
& BRI %20

S5 A0 1 AR LU R FEBE i ) % i B DL
TEBIRIE A S%THE 10%11 5% TR (£ 6),
A2, JHr BRI A & w1 B B R AT 5t
TGN 5)o BRE 2R I0 S 6 01 1 P 4 2124 1)
RO — DA Y, BRI ) R R S B A L
TFEs R 232 3 2R . Goodwin 250l
Ny, A D ) K AR B 3O R e Y e AR
i As, AR RO A PIAKEN 27%F% 2 20% 4
RACHD FEAR 1 R 1 R B JHF v HEARE S i B i, AT R
XTI s v s, ARt TR fa Rk . IRk, JiF
2 1) 5 e R I D 5 5 I A2 A S A DL
B AKAL A 1 KF B BB FEARD . {H Amoah 45
WEFEN R 5 KT 8 Bk K Ak B ) B AR R R 11 PR
(Y2 2R 273 B T TS ), (TR DR i O R 1Y
o At 2 A SRR AR T KA S
KA (15%~23%) I TE L0 T, K B 1 R S i )T
1A He R AR A o 2K P 1 T s b TR s R
XF 46 85 (Lateolabrax japonicus)*™ F142 W) i (Lates
calcarifer)®? (RIS (5 H T A HE DR A roopi
ACF B GRS = o PR, R R DR st
(9 AT T AL TE R 75 & T < WE DT A 2 B 1) < liR
Wi I

SIS A ) IR R S 7, B R TR E A Y
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WINEM 5%THE 10%, BT F K GEM /N2 E
WAl R 1 R I A T R B I KO, Ho
MR A S [R) 3 K (3R 8) o X ML B8 (Oncorhynchus
mykiss) OB ST Tl R B, S I 2 Dk
TE A AR ) 1 1 v B O o ) il (Silurus
meridionalis)™* VA K PG bk (Salmo salar L)Y
WESE s, S0 15 B AR K - E M 1) ) L T
AR TERG MBERRE . HILAT L, K H RS
[ HE At i A B PR AR 2, X B % IR 45 e D #8022
TR 30 94 7o I A T f Ak g f O

M A8 PR RE IS 7 — B % b e 1 28 1y 4
HURHERRIRGL, AT N SR BE RS SR AURE
1 28 T IV 21 240 L P 2 A 3 T A 4% o AR
FH, S8 TR ROIR I DL SR EE 48 R
PN [ b S M 109 O£ 2 S Rn 21 240 e AR
ABEFE R, BEE VER R BN E N 5%TH 2 10%, %
05 MLV P A £1 20 R ESCRD 21 20 i R AR I T R 1Y
g AR AU O B B R B, B
&R R T A TE A KT B B, £T AN R R
Ry s, [REE, & DR S BT R RTER . /)
FUEMAMAZER KT 5%THZE 10%, Sckfh
(R I £T 38 1 2 s BRI, 1 v B K T A A 5
£ 1 I T2 1 B A BE AR U AT 8 4 v i T
o RPUFEEE MR A9 1L 21T 8 1 & B b & 1Rk p
B A P S T AR, 2rdniad . 4rdni
FEARLL B il 2126 A B AT, 98 7 £0. 288 10 4801
IETERETTRRAR, DTS i I H A AR B )R

SN 5% M TR KA L, BRI 10% /K[
W BT SR TE Ry | /N TE 3 R K B S £ Y
LV VA T T TG P R 009 AT P e, T R B
K TE R 2H A . Wang 25 10T 8 31 1 (Pelte-
obagrus fulvidraco)W5ERM, B KIS
R 5.58 A9 S50 0 Y AR BRI R vl T O
TR I R RIMAR 55 B T P S 3 v T A DR B A L
11 FI 167 RYALBRAL . SR, SR VEM TR
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Suitable dietary starch source and supplementation level for
lar gemouth bass (Micropterus salmoides)

LIU Zike, CHEN Naisong, WANG Mengle, LIAN Xueyuan, YAN Chunwei, YIN Jia
College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: Eight iso-nitrogenous and iso-energetic (crude protein, 48% and gross energy, 18.5 MJ/kg) diets (L5,
L10, Z5, Z10, X5, X10, M5, and M10) were formulated with 5% and 10% waxy corn starch (L), high-amylose
corn starch (Z), wheat starch (X), and cassava starch (M) to determine a suitable starch source and supplementa-
tion level for a largemouth bass, Micropterus salmoides, diet. Fish (initial body weight, 23.46 g+ 0.19 g) were fed
to apparent satiation twice daily for 45 d. The results showed that the supplemented dietary starch level and starch
source had significant effects on growth, feed utilization, body composition, and non-specific immunological in-
dices of largemouth bass. Significant decreases in specific growth rate and feed intake were observed with in-
creasing content of the same starch from 5% to 10%. However, feed and protein efficiency increased significantly
in the L10, X10, and M10 groups, compared with those in the L5, X5 and M5 groups, whereas no differences were
detected in these parameters between the Z5 and Z10 groups. Hepatosomatic index, viscerosomatic index, and
liver glycogen concentration increased significantly in the L10, X10, and M10 groups, compared with those in the
L5, X5, and M5 groups, but no difference was found in the viscerosomatic index between the Z5 and Z10 groups
Whole-body and liver lipid contents, as well as liver protein content decreased significantly when any of the sup-
plemented starches were increased from 5% to 10% in the diets. Blood erythrocyte count and hematocrit in the
L10 group, serum triglyceride content in the Z10 group, and hematocrit and serum triglyceride content in the X10
group decreased significantly, compared with those in the L5, Z5, and X5 groups. Serum 50% hemolytic comple-
ment (CHsg) activity was significantly lower in the Z10 group than that in the Z5 group. Serum glucose concentra-
tions from 3 to 12 h after a meal in the L5, Z5, X5, and M5 groups were lower than those in the L10, Z10, X10,
and M10 groups. Apparent digestibility of the dietary starch and hepatosomatic index were significantly lower in
the Z5 group compared with those in the L5, X5, and M5 groups, whereas whole-body lipid deposition rate in-
creased significantly. Apparent digestibility of dietary protein was significantly lower in the M5 group than that in
the L5, Z5, and X5 groups. Apparent digestibility of dietary starch, hepatosomatic index, viscerosomatic index,
and liver glycogen concentration decreased significantly in the Z10 group compared with those in the L10, X10,
and M10 groups, whereas whole-body lipid deposition rate increased significantly. Apparent digestibility of die-
tary protein was significantly lower in the M10 group than that in the L10, Z10, and X10 groups. Significant in-
teractions were detected between feeding rate, specific growth rate, protein digestion rate, lipid deposition rate,
hepatosomatic index, glycogen content, erythrocyte count, serum triglyceride level, and serum CHjs, activity be-
tween the dietary starch supplementation level and starch source. In conclusion, the starch source and supplemen-
tation level in the largemouth bass diet exerted different effects on growth performance, body composition, hema-
tological parameters, non-specific immunological indices, and serum glucose. Adding 10% high-amylose corn
starch was the most appropriate supplement in the diet for largemouth bass.
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