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D KPR O L T TS B OB EHE 36.3% T 41.9% (5 F ). 505 R BUR 4
WAl & U038 EOR R B ISk 5 R T, 2 ML G K BB 1 08 0 V3 3
510 AT 4 DR SRR 30% F1 8% (4 1) % FEOR 40 0 76 50 1.5,
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L MRS o B 5 ol LB 5 ) 6 7
11 SRR 1.0 mmfy I OB R, % 0 72 b B F R F

S 2 B RO B DL B — 10 C okl PR 4
R1 LREAMNEBEAMEERSER(TE)

Tab.1 Composition and proximate analyses of the experimental diets( air-dry basis)

J5 R % 2 1) groups

ingredients 1 > 3 4 5 6
%% 1/ % casein' 22.0 22.0 22.0 22.0 22.0 22.0
B/ % gelatin’ 5.0 5.0 5.0 5.0 5.0 5.0
[ f /% white fish meal' 11.0 11.0 11.0 11.0 11.0 11.0
i/ % soybean oil 6.0 6.0 6.0 6.0 6.0 6.0
KEWiNg/ % soybean lecithin 1.0 1.0 1.0 1.0 1.0 1.0
INFEVERS/ % wheat starch? 18.0 23.0 28.0 33.0 38.0 43.0
4 S 4T 4k 2/ % microcrystalline cellulose® 29.0 24.0 19.0 14.0 9.0 4.0
R L 4 % /% carboxyl-methyl cellulose 2.0 2.0 2.0 2.0 2.0 2.0
A= Z IR KL/ % vitamin premix* 2.0 2.0 2.0 2.0 2.0 2.0
B WIR KL/ % mineral premix® 4.0 4.0 4.0 4.0 4.0 4.0

EF A5 9 #7 proximate analysis(dry weight basis)

K43/ % moisture 8.0 7.7 7.6 7.9 7.4 7.8
ML /% crude protein 30.3 30.1 29.7 29.7 29.6 29.2
MG W)/ % crude lipid 8.5 8.7 8.4 8.5 8.5 8.6
VEHS/ % starch 17.1 21.8 26.4 32.0 36.3 41.9
MK 4/ % ash 5.5 5.5 5.4 5.6 5.4 5.2
ALt/ (KI/g) digestible energy® 13.4 14.3 14.9 15.9 16.6 17.5

T WA, AR A ) AT BR S B O I R W75 HLER 1 90. 2% s BT, AR AL = A R A R (P E 1) 1943, B 1 91.3% 5
Mk, B R DA w1 AL F 67.4% KGN 9.3% o 2. /NZZVER T A BRA R (P EIVE SR ) W75 3. 6 Al 41 4t 38 KT I A BR
A ECHEWL) 815 4. 484 ZBORKEHCR kg R (4845 A9 000 TU; 445 3 D,2 500 10 484 % E 45 mg; 4848 R K, ,2.2 mg; 4E 4
# B,,3.2 mg; 4k K B,,10.9 mg; 4i 4k & B, ,50 mg; 4iE K B, ,1.16 mg; 49 % ,0.50 mg;iZ iREL,10. 00 mg; MR, 1. 65 mg; JLEE 150
mg; MR .25 mg, 5. 0P BURA (5 kg k) - BRERAUHS .20 ¢ SN ,2. 6 g SALHED,S g MiAREE .2 g5 MR WLBK,0. 9 s Bl AR #,0.06 g;
AR AR ,0. 02 g3 B fR 4 ,0. 03 g AR HM,0.02 g; 5@ L4 ,0.05 g; @ifb4,0.004 g, 6. AIIHALAE S = & 11 (24 kI/g) + IR (38 kI/g) + I
¥y (17 XI/g)

Notes: 1. csein, obtained from Hua’ an Biological Products Lit. ( Gansu, China) , crude protein 90.2% ; gelatin, obtained from Zhanyu chemical
Lit. ( Shanghai,China) ,crude protein 91.3% ;white fish meal, obtained from Copeinca( Lima,Peru) ,crude protein 67.4% ,crude lipid 9.3% .
2. wheat starch obtained from Guangsheng starch Lit. ( Jiangsu, China ). 3. microcrystalline cellulose, obtained from Xinwang chemical Lit.
(Zhejiang, China) . 4. vitamin premix ( per kg diet) : Vitamin A,9 000 IU; Vitamin D,2 500 IU; Vitamin E,45 mg; Vitamin K, ,2.2 mg; Vitamin
B,,3.2 mg; Vitamin B, ,10.90 mg; Vitamin B¢ ,50 mg; Vitamin B, ,1. 16 mg; Biotin,0. 50 mg; Pantothenate, 10 mg; Folic acid, 1. 65 mg;
Inositol,, 150 mg;Niacin acid,25 mg. 5. mineral premix ( g/kg of diet) : calcium biphosphate,20 g;sodium chloride,2. 6 ; potassium chloride,5 g;
magnesium sulphate,2 g;ferrous sulphate,0.9 g;zinc sulphate,0.06 g;cupric sulphate,0. 02 ;manganese sulphate,0.03 g;sodium selenate,0.02
g;cobalt chloride,0.05 g;potassium iodide,0. 004 g. 6. digestible energy (kJ/g) = protein(24 kJ/g) + fat(38 kJ/g) + starch(17 kJ/g)
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I 58 5 3 7 v E K 7 B 2R B 5 B TR K el B
FE PO R SR SR PO R R G AT . 525 i A A
S W [ AL H, BIAE 15 d S B 360 45 1R T (g
AL B IR R BT (161 £2.7) g, LS Fl 5 JEAS —
o A1 3k w7 R BE AL 5 A 18 AN 0F PR AT (A
1000 L), 6 Nscmd] , i3 MEE, B E
AR 20 o B RE BT 3 1k (8:00,12:00
F116:00) , 5 K M FFLE 30 min, H £ 1] 5y i
IR 3% ~ 5% , I AR 45 48 2 R A KON B0 AR IS
MR, BB R E R L.

F5FRAER(8:00 F1 16:00) I 5 18 AR 19 7k
PR 7K S R M pHL B 45 0B B A ST 4 1/3
B4 i K, I HL o 0 2 2 R A R 3 1 4+, DA
PRUE G 20 A7 o K 5335 B . R 37 19 1] K iR 28 ~
30 C,pH 7.2 ~7.8, 5% >5 mg/L, & A <
0.01 mg/L, /b AR T, fR452 %, By 1k 4 b
N, B H SR BB MAET G L, K AE fa % i
PP AR E A, R AL TR N, IR 9 JH
JE A5, AR PR RORAESE
1.3 #&NESHH

FHAE K I AT R T T JR S A5 s, 2%
1224 h, BEARBEPLEIR 5 B, BN Ab 3 15 B, R
I 0 5 g A i AR R R I A DL
SR AR L, BT Sk o i T R TEIIE 513, LA T SR A
W43 AT, B T % AR A T I AR B R S TR O R
AERRL,

s i 36 AR W) T IR LB A S 3 A
TEARBEVLI AL L 5 5 R, A B 15 B, Tk
J 2 100 mg/L ff) MS-222 E TR 1% B JRR e, —
UM B I 5 2 P 28 4t v 3 ) DA 8 e K R i
K T 4 CHAT 3500 x g B0 10 min, il 5
Mg, ¥ - 70 C K A7, 40 (Glu) | JIH [
(Cho) FIH M =T ( Tri) %5 48 b5 7 R JI 14 By BS-
400 4> B g Ak o BT AL B A b, KR S 3 il B IR
I3 B A S 97 R B A R A

WL B 3R 5 9 7 T 35 S B 45 R S, A BE
PLEEH S B, A AP 15 B, A0 LA
FAREL R LTS U K 43 K 4y B o 55 0 RS 7 K
4% o BT E TR AE 105 CRyMAR it EE &
RV T 5T i 5 8 L PG ATk R DA
FRRLEE 1 5 00 2R Il 2 0 BRI 2 ik il i
S A I HLAE 107 25 B 5 2R F 560 C #y b vk AE o

LS h R E Ry

WAL B 89 W T & H G AR i Kumar
STV AT R0 A , DL SRR A AR, 1 min P f
IE T g s 2R T 75 i B o 1 B A
WEE VER) B 2% Hidalgo'™ A5 ik Jy 4 i
JE,100 mL (i3 P iE R, 76 37 C 5 R 30
min, Kf# 10 mg FERHN 1 ADEANL, £ 4R WG PEAR
fii: Saha 4" J5 kI SE 1A ML £F 4k 3R B E X
J9 1 min FEAF 1 pg I8 SRR O R Y s 1 i

e 35 AR g ) 2 LT HRMA 3R RR A
4,37 CHMTIME, SHNIUIKRL S, TE bR
— YU A Wy B BT X L 0 AMAS B 2 I I T
FMA 3(C3) FIAMMA 4 (C4) 150 & (1l A R a0 Ak
Y TREWETERT) o B AL W B Ak B (SOD ) 2k A
IV S 3 0 BT AR ) £ W R e
AR W) LB 5 o
1.4 HExXEHRHTELR

16 % (survival rate ,SR,% ) =100 x N,/N

B (feed intake ,FI,g/d) =W/ ((W, +W,)/
2 xt)

578 H2 KR (specific growth rate,SGR,% /d) =
100 x (Ln W, -Ln W,) /¢t

a8} %5 % (feed efficiency rate ,FER) = (W, —
W,)/FI

T M J& %% # ( protein efficiency ratio, PER) =
(W, -W,)/(FIxP,)

AT Y (hepatosomatic index , HSI, % ) =100 x

W, /W,
fiE 4 45 A (energy intake, EI, kI/d) = (E x
F)/N.

Kb, W(g) & R4 A BT Y B & W, (g)
N YR E W (g) Ry BRI 1(d) ] i
KEGW, () W RAaRIFNEE W, (g) hEREMA
KK N WK B A, N SR REG N, b
G E(K)/g) MRt BT S e F(g) N
BEGLAE R BB E PO R & 6
1.5 HEZIT 59

SR SPSS 16.0 Ge it 34 v i) A [
R 22531 (One-Way ANOVA) 4% 22 53 B ),
AT Z H L8 (Tukey " s test) , P <0.05 KR 2%
S E, A A R UL W+ bR R
(mean = SE) /8. i i $74k 3% (broken-line ) , 12
It A Sk 5 180 #8112 1 5 803 R ) R 8RR A ) v
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2.1 fARAEE S KERTH k& 4K 1% EE

FAEE AR A E B0
26 A Y H Sk B85 77 35 RABLE 93.3% L) I,

(FWB) 5 £ KR (SGR) A % 22 57 (P >
0.05) o SR, L A ek b 3 3 /K1 (9 38 T ek 2
#(FER) fI#E H B3R (PER) 2 BUETH R A T
TR S MR & A 26. 4% ~41. 9% R RHY
S 2 W) AR SR AN A 1 BOCRA L B R 2
5#(P>0.05) o {H, B GRRE 34D K P 1 2 i

TH AL PR TG 255 (P >0.05) (£ 2), FEEMR 0, SE R (FD) A B E AP <0.05) , S48
BE Ve Ry KB, & SE B A AOR R i HRBEE R A (ED) BB #2255 (P >0.05)
F2 HEARPREKTEERE g ERERFARTAENZMN
Tab.2 Growth performance and feed utilization of blunt snout bream fed with different diets(n =3)
WEKTE/%  BEE%  ARRI **ffjf” FREE  EERACE %ii/ ”E(Ekfi/)‘/
starch level SR FWB SGR FER PER Fl EI
17.1 100.0 £0.00 260.2 £2.11 0.78 £0.01 0.31 £0.02° 1.05 +0.05*° 2.39 £0.12% 32.1+1.67
21.8 98.3+1.67  266.0+3.13 0.79 +0.02 0.33+0.01"™  1.06£0.04™ 2.43 +0.12" 34.8 £1.69
26.4 95.0 +2.89 259.9 £3.80 0.76 +0.02 0.37 £0.01" 1.17 £0.04™ 2,13 +0.09® 31.7+1.28
32.0 93.3+3.33 266.2 +4.37 0.79 £0.03 0.38 +0.01° 1.25+0.01° 2.12 £0.08% 33.7+2.09
36.3 98.3 £1.67 267.0 £2.33 0.80 +£0.02 0.40 £0.01° 1.24 £0.05%  2.06 +0.08® 34.2 £1.05
41.9 96.7 £1.67 267.6 £5.37 0.80 £0.03 0.41 £0.01° 1.30 £0.01° 1.99 £0.04° 34.8 £0.66
ANOVA
F-value 0.895 1.300 0.890 16.238 7.391 3.980 1.007
P-value 0.514 0.327 0.518 <0.001 0.002 0.023 0.455

TE AR SCF RO F AN B & 257 (P <0.05) . PUFRIER

Notes : Different superscript letters indicate significant differences( P <0.05). The same as the following

S Yr AR [B] 953 B, 71k 7 B A 3R Rk
RMGE BRGNP RAEFRIE R R HEA
JRACAR I8 B fe K, GRRE AR U A Rl S N R
34.1% (& 1) 5 24Dkl 3R 1k B doe K 1 kv 3
Briad iy 31.4% (1&12) .

2.2 {R#EAEE # K T 3t E K & AL & & R A0 AT

B 78 44 B E M B9 %2
JFRER b M E ARSI T R F 2R
14,
o _ 3
= 121 ¢
- . - 3 *
8 2 : s
§§ 08l x<34.1m, p=1. 270014(34 Ii-x)
i =341, y=1.
50.6_ R>=0.715 oy
Q
0.4 . . . . . .
15 20 25 30 35 40 45

TR N ER KT 1 %
dietary wheat starch level
B 1 AR ek EX E Sk &
BeEEARMENZN
Fig.1 Effect of dietary starch level on protein
efficiency ratio( PER ) of adult M. amblycephala

(P>0.05) (£ 3). Ffi& ko uE K7 13
DI B v i A9 T e 0 8 S A, 4 T A
KH] 32. 0% B, JE By 1 5 M 0 K W UE R
TEESE T Ja T 22, Y Gk v e B KT 35 3
36.3% I, JE TG M A K. T A A b g 3E AT
ARG I 21 £F 4 2% i 09 16 1 FL7E BT JOE v &S I A 3
fifg 1% 1 (P >0.05)

045,
]
0.40} .3 .
Q n 1
50350 .
ﬁ £ 0301 =
EN
B3 005l Mx<314mt, y=08394-0.006 (31.4-x)
I@%O T =31, 5394
5 020F  R—0g214
(]
=013 x=31.4
0.10

15 20 25 30 35 40 45 50
TRHINZ SER K 1 %
dietary wheat starch level
B2 fa# ek Xt F sk g
A2 4R R 30 2R B B
Fig.2 Effect of dietary starch level on feed
efficiency rate( FER) of adult M. amblycephala
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Tab.3 Digestive enzymes activities in the liver and intestine of blunt snout
bream fed experimental diets(n =3) U/g protein
FFRE liver Wi intestine tract
K/ % : — — ) ~ \
wareh level & Ve SEES & Ve R SEEN
protease amylase cellulase protease amylase cellulase
17.1 0.051 £0.019 0.56 £0.06% - 0.79 £0.16 25.0+1.31% 0.17 £0.11
21.8 0.049 £0.001 0.44 £0.04° - 0.81+0.03 20.4 +1.83* 0.16 +0.08
26.4 0.044 £0.004 0.43 £0.08* - 0.75 +0.07 31.0 £1.57% 0.25 +0.14
32.0 0.050 +0.008 0.86 £0.17° - 0.95+0.16 30.9 £1.10" 0.15 £0.05
36.3 0.051 £0.002 0.51 £0.05*% - 0.86 +0.16 33.4 +2.08° 0.29 +0.11
41.9 0.048 +0.019 0.65£0.07™ - 0.73 £0.18 31.3 £1.05" 0.54 +£0.18
ANOVA
F-value 0.745 3.438 - 0.359 10.791 1.981
P-value 0.602 0.018 - 0.887 <0.001 0.111

2.3 M EE B KT XS K &AL & AT BE (BT
HE IR A0 AL A 4 R HY 2 i

WA DR R U by B ek B B, JIF A (HST)
5B IR i L IE A SC (r = 0. 638, P =0.638),
JHF 8 BRI B D i 25 i (P < 0.05) (5%

4) o LK G JHR 1 5T RO K 43 AN 32 ) REGE # 7K
PN (P >0.05) o LA 1 & B A 1R e
B K (9 37 ¥ B 3 (P < 0.05) , 2 3E
FA N 41.9% F LA AR U A s B R ok

R4 R IRE K T X B Sk & R BT S B BT AR TR A0 AL P 4B R B S A

Tab.4 Hepatosomatic index,hepatic glycogen content and muscle composition

(% wet weight) in blunt snout bream fed experimental diets(n =3)

JF I liver LAY muscle
VEm AP/ % :
areh lovel | THEROEU% MR R/ (mg/e) k% EAR/ % W5 1/ % HLK S/ %
HSI GC moisture protein lipid ash
17.1 1.57 £0.10™ 11.8 £2.95° 78.1+0.14 19.4 +0.09 1.21 £0.23% 1.40 £0.04
21.8 1.82 £0.07° 10.5 +£2.42° 78.1+0.22 19.4 +0.11 1.18 £0.06" 1.42 £0.02
26.4 1.34 £0.14° 13.5 +£3.60° 78.4 £0.25 19.3+0.10 1.15 +£0.03° 1.47 £0.02
32.0 1.96 +0.06" 21.3 +6.32% 78.1 +0.10 19.6 £0.20 1.47 £0.10™ 1.37 £0.02
36.3 1.96 +0.10% 20.2 +£2.60™ 77.7 £0.34 19.5+0.39 1.58 £0.25% 1.41 £0.04
41.9 2.27 £0.11° 31.3 +4.26° 77.6 £0.36 19.6 +0.24 1.67 +0.24° 1.37 £0.06
ANOVA
F-value 10.192 5.056 1.326 0.246 4.927 0.977
P-value <0.001 0.006 0.317 0.936 0.011 0.470

T GC, il 5l 7 o
Notes: GC, glycogen content
2.4 AR AR E KT E SR S8R A iE
U&iEoN: kA

S g N /S 0 (1T el S B T
PEFIH A S S LB E 2% (P >0.05) (£ 5),
B )RR R VE K K 1 T R L R RN 3T R

PR 4 5 % My K T 5 5O OG 36 R BRI B A
41.9% b0 A Sk 0 175 bR 3 REMA 4 H
R B B 21, 8% F1 17 1% 119 15 R 5 % 1%
(P <0.05) . AR 7 ¥ My k- 4k 9 11 Sk 9
35 TP AL AL AT W] 9% 5 (P <0.05)
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Tab.5 Plasmatic parameters of blunt snout bream fed the experimental diets for 9 weeks(n =3)

N v H i =8/ i 2 Mk 3/ Ak 4/ A ALY B AL g/
VE M K/ %
(mmol/L) (mmol/L) (mmol/L) (g/L) (g/L) (U/mL)
starch level
Cho Tri Glu C3 C4 SOD
17.1 6.66 +£0.46 1.52 £0.17 8.82+1.42 0.86+0.17"° 0.13 £0.01* 21.7 +1.44
21.8 7.32+£0.52 1.22+0.10 8.67 £0.85 0.96 £0.20"° 0.16 £0.03° 21.4+1.89
26.4 5.26 £0.44 1.03 £0.09 9.21+0.76 0.74 £0.12% 0.08 +0.02* 22.3+1.64
32.0 7.21 £0.51 1.57 £0.19 9.20 +1.21 0.68 £0.12% 0.09 +0.02* 20.4 +0.61
36.3 8.07 £0.97 1.39£0.17 9.47 +0.72 0.44 £0.03™ 0.07 £0.01* 20.8 £0.59
41.9 7.05 £0.32 1.41 £0.32 8.69 £0.88 0.20 +0.06" 0.04 £0.01° 19.9 £0.39
ANOVA
F-value 2.557 1.329 1.897 5.599 3.542 0.433
P-value 0.056 0.325 0.138 0.003 0.017 0.821
3 i AR BB 5E K B, A1 Sk i 4 0 (15 ) 451 31%
e

TkHRE B K CE RS R iR B ) E
B A B ) DA R A DR A E E Y e i
AT A g R KB R B SRS . 1
ARSI v s WL 8 B 2 Bl i 45 2R, Bl B )R RE B
(VM) ZKF- By 3G, ATk o it i) $R B i B T
e ERE R AZERFAHRIUK . SRR AR
Pl , B P A A G b ) P AR b % kK Ak
A4, 9 BT LU 32 5 @K COF B ok k.
A S 1 45 3 nT L, S AR TE by A T, T Sk 5 4%
B K TE R (41.9% ) 1Y 4R F A X AR K
PERE P AR ST R 03X 5 oA B PR s | £
KR A R, B H £ ( Chanos chanos )
(35% ~45% )" FEE 1 (37% ~56% )", 241
MR Ry = i 40% 1 1A kH, B R f BE ( Cyprinus
carpio) % 1 3 BU M B 4F 09 AR K PR AR, 2R g
( Hephaestus fuliginosus ) Tt 16 #} V€ ¥ 3 & K
34% ~38% A A IR A o MR, PO b 2 A
TR VEM & it (40% ) fa]RLIN /Y A K P R B R
i, ok BE K ORR M fa
tshawytscha )" F B 7 fif
meridionalis) "' . <52 5 BF 58 % B, 1R R
G Y TE R (26. 4% LA 1) AT LI 25 48 AT Sk
A AR A R A LAOR 35 29 85 F B AR RE R )
FRR o LA b g R B GRDRE b oS s 1 UE #
AT DLA SO0 gk AT Sk f7 A G SR, ARk e e
TER T (R AL 32, 0% ) I AN e 4k 22 203 A =k 5
J 81 2 3R 3 AR . A SE g 45
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Effects of dietary starch levels on growth performance,digestive enzyme
activities and muscle composition of adult blunt snout bream

(Megalobrama amblycephala)

REN Mingchun'?, JIA Wenjin', GE Xianping'* , XIE Jun'?, LIU Bo'”’,
ZHOU Qunlan'?, LIAO Yingjie'

(1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization , Ministry of Agriculture ,
Freshwater Fisheries Research Center ,Chinese Academy of Fishery Sciences ,Wuxi 214081 ,China;
2. Wuxi Fishery College ,Nanjing Agricultural University ,Wuxi 214081, China)

Abstract; A 9-week feeding trial was conducted to assess the effect of dietary starch level on growth
performance , digestive enzyme activities and muscle composition of adult blunt snout bream [ initial weight
(161 £2.7)¢g]. Six isonitrogenous and isolipidic diets were formulated with increasing starch inclusion from
17.1 to 41.9% . At the end of the feeding trial, survival rate and specific growth rate were not affected by
dietary starch level. Feed efficiency rate ( FER) and protein efficiency ratio ( PER ) were enhanced by
increasing dietary starch supplementation. Dietary starch levels did not affect total protease activities in the
liver and intestine , while up-regulated amylase activities. Cellulase activities were detected in the intestine and
there were no significant differences among treatments. Hepatosomatic index, liver glycogen and muscle
crude lipid contents were significantly increased with the increasing dietary starch levels. Similar serum
glucose, total cholesterol and triglyceride contents were observed among the treatments. However
significantly lower serum complement 3 and 4 contents were observed in fish fed the highest starch diet
(41.9% ) compared with those fed with 17.1 or 21.8% starch diets. In conclusion,the 41.9% dietary starch
level gave no negative effect on growth of adult blunt snout bream, and considering the serum complement
activities, the dietary starch level should not exceed 36.3% for adult blunt snout bream. On the basis of PER
and FER,the optimum dietary starch requirement of adult M. amblycephala was estimated to be 34. 1% of
diet and 31.4% of diet,respectively,using broken-line regression analysis.

Key words: blunt snout bream; carbohydrate utilization; digestive enzyme activities; muscle composition
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