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B3k i (Megalobrama amblycephala) &% & &
B R EMERAKESE, B EKIOE RS
FEvE e Al B0 7Y, Skt v SR Y % T ok B
K, 20 194F fR4E = & 34 78.32x10 kg™ % T-H
Sk gy BE AN G 75 SR 07 1 I AU 2, B AT 4 SR AR A,
[ 3k fi75 %)) £ B 3 T RLBE A0 7 SR 2 0l 93 1% —
34%18%" 2, (HARSERT FL e % A — LRI AN IH]
E N EI P S OE e 1Ol AN < B i
Sk 77 % i BU R 9 280 A 4 BEORE/ IR 1 B ABL 3% — 2 1
EU G 28 T 24 00, SRAR T B 38 AR K AR BER A (1) B/
e LGAE o WFF 703 B bR AR M 1 U I A i
T2, 78 DURF 8 A K Z N VR A TR b iy, T3k 677 g bk
JIE EE 3. 58 (Rl AL G 2 543 il 9291.704181.40 g/
k) e 7E DL RO BT AL S A TR BRI,
JIE LLAES. 64(KEAIG & 540 711 24320.874158.30 g/kg)
o L2425 o5 P L P 7 Y A b 6 0 o B B A
E SCFE R A0 i A B B AT i 1 <2 L
YER AT I FE . AW 50 LAIE & RORE AL G & 2 (h b
IR ) Xt HR IR FTALE e WA T AR R = i 2 7
A 22 B K B RE AT AT LU AR R, BRI IR 22 AR
XA Skt AR AR . TARLRI A B SRR SR ok
Esiifantiky/ A R

1 MR5ERE

1.1 ERBSSHHE

ARSI ) 4% 1 3 M AR AR (R A R E32%),
a3 AL AN [R)BE AT AR K =B AE (HCLL, 45%
FERI2%ME) HBE i (MCML, 30%4E f18% /i)
J AR = HE(LCHL, 15%¥EF114%H8) kL. SZE61HE
BFCL R K UE R N K AL A DIR, oA Sl A 2R
A N REWIR, RN 7 R 1T 6 AT 1l k) R
RIEREEATHTES, 551904 Ja 140 B 55 9 5 In 7K il
FHIREHL(SLP-45, b MU 5 2% 0F 78 B, o E -
TR 4% AR R . A SRR R T AR 50°C
MG T4 CUME PR & . o, wRk i ig i
PR R LR 2.
1.2 AFER

S0 BT FH A Sk 5 4 00K B o RE 2 B K AR AR
Wt S T (b [ ) o 7E IE SUFRFE SEIG AT, K i %
(10 3 ) o) 5 1) 40 VR S M AT 9 A 2 B 1 1
DUE N SEI0 RGN . 56 T 4R A 6 S 56 YLK
24h 557, BEMLPRIE S 35 50 AR 5 {3 11 141 Sk
5 4)) 1 [ H] L (6.20+0.01) g]7r A3 ML FRAL . Horphfg

=1 ANEAMEEEM% RTFE)
Tab. 1 Formulation and chemical composition of experimental
diets

Tk Diet

J7 £Hngredient (% dry matter) EECHE PR e (e
HCLL MCML LCHL

[ ff1$ White fishmeal' 15 15 15

1% & [ Casein’ 24 24 24
A3 S i Fish oil’:

Soybean oil (1:1) 0 6 12
EKyE# Corn starch? 45 30 15
Y2k F R Vitamin premix’ 0.39 0.39 0.39
S {LAHBK Choline chloride 0.11 0.11 0.11
B4 £ FVR 4 Mineral premix’® 5 5 5
R EL L RHICMC . 3 3 3
Carboxymethylcellulose sodium

274 % Cellulose 7.5 16.5 25.5
k2240 i Chemical composition (%)

0 2 [ Crude protein 31.92 31.82 31.72
HAAE 7 Crude lipid 221 8.21 1421
AE & Gross energy (kJ/g) 18.14 1950  20.86

VE AR Ak, EEGEEA], TSR A 22N
A PR B |, g A, 0 B R R R A
Al CERIER: BB R PR A R U RBURY (mg/ke
kD iR KA, 1.65; 442 KD, 0.025; 4i4:KE, 50; 4k &K,
10; 4E2E3KC, 100; Bl R, 20; #2H, 20; 4E4: KBy, 20; 4E2EK
By, 0.02; MR, 5; 2 ERES, 50; WLEE, 100; IR, 100; AE%, 0.1;
TYEE, 645.2; L TIR I (me/kg FAkRh): GG, 500; L7k
HIREREE, 8155.6; —UKARER AN, 12500.0;  BEER A4,
16000.0; /KA BEEREES, 7650.6; LKA TRIRIER, 2286.2; 1L
KEFLIREY, 1750.0; LK GIRIREE, 178.0; —/K-EBIRM, 61.4;
FIKETRERM, 15.5; LKGTRERE, 0.5; WULET, 1.5; FKRUEH,
753.7

Note: 'White fishmeal: White fishmeal, American Seafood
Company, Seattle, Washington, USA; ? Casein: Lanzhou Longruan
Casein Co. Ltd., Lanzhou, Gansu, China; ’ Fish oil: Anchovy oil
from Peru, purchased from Coland Feed Co., Ltd., Wuhan, China;
* Corn starch: Wuhan Coland Feed Co., Ltd., Wuhan, China; >
Vitamin premix (mg/kg diet): Vitamin A, 1.65; Vitamin D, 0.025;
Vitamin E, 50; Vitamin K, 10; Vitamin C, 100; Thiamin, 20;
Riboflavin, 20; Pyridoxine, 20; Cyanocobalamin, 0.02; Folic acid,
5; Calcium patotheniate, 50; Inositol, 100; Niacin, 100; Biotin, 0.1;
Cellulose, 645.2; ‘Mineral premix (mg/kg diet): NaCl, 500;
MgS0O,4 7H,O, 8155.6; NaH,PO,2H,O, 12500.0; KH,PO,,
16000.0; CaHPO,-H,O, 7650.6; FeSO,7H,O, 2286.2;
CeH;¢CaO45H,0, 1750.0; ZnSO,4 7H,0O, 178.0; MnSO,4 H,O0,
61.4; CuSO,4 5H,0, 15.5; CoSO, - 7H,0, 0.5; K1, 1.5; Corn starch,
753.7

fT30E M, AN AIN AT SLIRTEION B TE
B RS 4T Y ET OKAR AU 167 L)AL = G K &
G b AT, ARSI RESIS6d, R A3
(08:30. 13:30F118:30) Il KB EFMIKIE . LI
SRR AT K0T e A B, Herh KR 25—27°C,
FEA(7.09+0.12) mg/L, & %(0.18+0.02) mg/L, pH N
6.5—7.0. JEHEBREE H2.21—2.95 pmol/(s'm’).
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Tab. 2 Fatty acid composition of the experimental diets (% of
total fatty acids)

N, Tk Diet
oy~ EWIE PR
HCLL MCML LCHL
C14:0 327 471 6.08
C15:0 0.36 0.46 0.56
C16:0 13.44 11.05 14.41
C17:0 0.28 0.35 0.22
C18:0 6.40 5.85 7.16
ISFA' 23.75 22.43 28.44
C16:1n-9 5.71 4.48 6.40
C18:1n-9 36.27 26.21 0.13
€20:1n-9 3.54 2.63 2.90
€22:1n9 271 4.04 5.28
EIMUFA’ 4823 37.35 14.71
C18:2n-6 15.18 24.00 36.76
C18:3n-6 0.23 0.14 0.16
€20:2n-6 0.43 0.35 0.33
C20:4n-6 0.60 0.77 0.03
2n-6 PUFA’ 16.43 25.26 37.29
C18:3n-3 0.76 337 5.18
C20:5n-3 2.69 431 6.26
C22:6n-3 472 5.76 6.75
-3 PUFA 8.17 13.43 18.19
1-3/n-6 PUFA 0.50 0.53 0.49
P 'SFA: WRIARMIG; * MUFA: S5 AR fR i e; * % A5t
G

Note: 'SFA: saturated fatty acids; *MUFA: monounsaturated
fatty acids; *PUFA: polyunsaturated fatty acids

FE A N 12101 12D(8:00—20:00 5%«
1.3 HmEXEE

TEFRAE LI S5 R 5, 75 5 fa — I 5 8hidt AT
BRE . SIZo6 fa P RRIEE 7IMS-222 (60 mg/L, Sigma,
5 ) BRIE G FR e S BORE . B4R AR S5 IR
T -20°CokFaH TR 0 #T . B3R Mt
AT VAR 0 2, SH g O R PN U T R DA
FOF AR LR LG . S 4b, FRRLRE LI B, F
TN TR I 1 TG T S A AT R R
. M#3000xg 10min &0 )5 3 M3, fR4F T
—80°C. [FIN, FEUK FHLH FFATHEN, B Tl ik
T80 CIR1T .
1.4 HEDH

ARSI B BT A PRDRL AR A8 A A ol R A A R U
$IZHAOAC (2003) bR VEP BEAT KM . T4
o ok 7R AR (R AR TR AR, RS 2, P E R
105°CHt+ 2 18 5, @itk ikl e ; Ko 7E S
(5 Fp 4, o L) H550°C B3 h, K F 2k E

JE; FHLER E R LI E &4 (2300, Kjeltec Analyzer
Unit) 52 ; KT8 7 K FH & IR #21X (Soxtec System
HT6, Tecator, Hoganas, Sweden)#E4T #$2 0 52 ; 1
LIS 107 2 65 B2 BB Foleh 455 )y v SR U0 F e =
2T 1R ARG BUS G, #EAT I DT IR P s At b 2 /S
SR FH SR € 1 4S5 g I 1R 2H BT 5 B (7890A -
5975C, Agilents Technologies Inc., Santa Clara, CA,
USA).

JH W T B AR 0 v ot i B ) R T A T b
JEMA L (A043-1-1) B I FHEAT, 1% 07 1R 445 R i
VRIR TR, R P RS IR AE B BR A FH R W B K AR e A
Ty, FEBSEEEREREOCEEY, SR
VKb TR IR b 44 T BE R L e AT . R
T =HR(TG) & = X FIGPO-PAPJ7¥Z, MRS Bl K
FH 7 R £ (A 100-1- 1) 460 (P 52 2 2B ) TR
WFFTHT, ).

MR EE . Hh =F. =B R(NEFA)
R0 ] P e SR FH e i R S AT WU E (Fujifilm,
Wako Pure Chemical, Corporation, Osaka, Japan).
I SRAR % B N 2 1 IF ] i (LDIL-C) A i 2% 8 I 2 1
JIEL & BE (HDL-C) 43 7 5% FH B ¢ 2 s e ot 1K 711 &
AT13-1-1F1AT12-1- VAU (R 5O A= ) AW T2 T,
HH e 50 o
1.5 HESIHoHR

AR S5 BT A B0 A G 3 SPSS 18,013 4T
Giitordr. LI R I EAPR 1R (MeantSEM,
n=6), FAT H.KIZK J7 % 73 H1(One-way ANOVA). #
SR [A) 72 S 2, DU [R] 5 A 56 5 2647 Duncan’s
ZEWK. DP<0.0SERGIFERRE.

2 4

21 E£KE5ENFIA

W 3R, BEAFFER AR AR, 3k
B TR B R R IR JC B 3 M % 7 (P>0.05), HfA
Y& EFHEHCLLA B 3K TMCMLA(P<0.05).
Skt 45 S HCLL BB 4 2 AR K R SGRE E KT
MCMLAILCHLZH(P<0.05). [A] 3k fifj Fal e} 255 22 it 4]
FFHE Kk Fi 7K P39 22 1 v, 76 B IEHCLL
I AR . TR AN [RIHE R G 7P Ak i [ Sk 5 A 3
FECF. RFARELHSI. WEAREL VSIY TG B2 1 % 57
(P>0.05).
22 BRERSEFRTIR

WL 4R, 3k 5 %) 5% 8 AN [ O i /K7
kg, HaemfE . MR, Ko kKks&E
P70 W2 2 5 (P>0.05) . BETERLEE S IS
D, AR IR PR, Rz, TG N .
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Tab. 3 Effects of dietary carbohydrate and lipid levels on growth
performance, feed utilization, and morphological indices in blunt
snout bream juveniles

TA#Diet
fibrIndex BHEICAE  pERE R e
HCLL MCML LCHL

VIR EIBW (g) 6.02+0.01  6.02£0.02  6.02+0.01
AREEFBW (g) 23.1841.85" 33.48+1.89" 31.93+2.96"
BERFR (% BW/) 2934026  3.04+0.13  2.76+0.04
A RFT (g/fish) 23.96+2.62" 32.28+0.46° 28.81+1.77"
TR FE (%) 71.9843.74" 81.54+1.63" 87.69+2.67°
e E K RSGRY (%/d)  2.4040.14"  3.06£0.10° 2.96+0.17°
£ CF (g/em’) 227:0.03  245:0.07 2.52+0.09
JFF A LLHSI 221£023  1.77£0.14  1.30+0.24
JIE A L vsT 10.59+0.54 10.50+0.31 10.79+0.40

e RSB R S R, [FAT RO B AR
SRR N KR 2 i 5 (P<0.05); R HHEHRFR (%
BW/d)=100x T4 )57 £ £ B/ RED (RI B B+ 2 KR ) 2] 43
frRFI (¢/fish=R TS &/ asH; ENE FE (%)=
100 a4 4 /8 fr i e K% SGR (%/d)=100x[In (K
)-In (W)Y REG I EECF (g/em’)=100x 44 5/ K T4
bl HIST=100><JFF Uk 58/ 5 " A4 L V.ST=100>< pA Uk 26/ 45

Note: Values are presented as Mean+=SEM. The same applies
below. Values in the same row with different superscript letters are
significantly different (P<0.05). IFeeding rate (FR, % BW/d)=
100xdry feed intake/[daysx(IBW+FBW)/2]; ‘Feed intake (FI,
g/fish)=dry feed intake/number of fish; *Feed efficiency (FE, %)=
100xfresh body weight gain/dry feed intake; 4Speciﬁc growth rate
(SGR, %/d)=100x%[In (final weight)-In (initial weight)]/days;
*Condition factor (CF, g/cm3)=100><(body weight)/(body length)z;
6Hepatosomatic index (HSI)=100xliver weight/whole body weight;
"Viscerosomatic index (VSDH=100xviscera weight/whole body
weight

2.3 FTREBERAEHM=EESE

L I V5 NN BT 2 2 e N i SR T PR
JEERE SR H i = P 5 B 2 T B 35 1 22 57 (P>0.05).
24 [MRAEHIKF

W SHR, MAEH & RACE . Hm =8, ¥
BRI IR A JEL ] 5 e vt o P2 I £ 1 EL ] e

TE & b} 4H TR] 35 70 S 35 MR 22 5 (P>0.05) o TILRAIR 2
Ji i 2 1A R ] R F LCHL AL 58 35 T oA A b
2 (P<0.05).

3 i
3.1 ARIER A 7K 3T ] KA AR AN A AR AY
S

PR eb AR B 3 RE VR SRS AN IR I B LS N
KXt T et A KA E drid e oy 2, (Hid
vt BT ARG VS K - 8 2 0o A i A7 THT ) A PR
i S8 21 T DR S A A K ) A0S 7 £ o
1 25 LR BINE S, W68 (Salmo gairdneri)”.
K (Salmo salar L.)m]*ﬂ 5 (Ctenopharngon
idellus)" "% . £ Sk 557 K g L (O BIE 72 e, T Sk 6747k
& B A RLRE B L T S (CHO/L A 1,623 10.46) 1T 14
%, B S P S L (CHO/L: 24.20) 51 S 3G & &
()50 35 T B, AT 1 A Sk R K itk
R4 TREIAREMAE KN E K Eh4h & AL R ERFERR
pak: oAl
Tab. 4 Effects of dietary carbohydrate and lipid levels on body

chemical composition and nutrient retention efficiency in blunt
snout bream juveniles

Tk Diet
&S PR RBESHE
HCLL MCML LCHL

T8 ¥rIndex

F 25 1 Crude protein (%) 14.79+0.75 15.82+0.22 15.51+0.03
FHLHE Wi Crude lipid (%) 8.36+0.66 10.43+0.38 10.12+0.44
K5y Ash (%) 2.98+0.14 3.11£0.03 2.97+0.06
7K 4rMoisture (%) 73.51+1.51 70.22+0.43 70.82+0.51
& AV EPRE" (%) 36.56+1.85" 40.22+0.47" 45.70+0.91°
NeWi i LRE (%) 354.93+8.36°114.8146.87" 71.58+4.65"

S 45.00 ¢ JF#E R Liver glycogen
2 4000 | T
= 35.00 T
=}
i 2 30.00 |
‘fﬁé S 2500 | T
i‘n 5 20.00 ¢
=g 1500
>
2 10.00 |
5 5.00 |
>
5000 . . ,
FREICNE PR CREEE
HCLL MCML LCHL
ik} Diet

ViR AU PRE(%)=100 i {2 [ )5 U 2R 1
JRHEAE; IR BT LRE(%)=100x fi fA JIE 7 U AR i/ 7 5%
AN

Note: 'Protein retention efficiency (PRE, %)=100xbody

retained protein/protein intake; 2Lipid retention efficiency (LRE,
%)=100xbody retained lipid/lipid intake

n 60.00 JHEIR: i =g Liver triglyceride
8 A r
£
i g 50.00 t
41 8 T
bz 5 4000 |
Q
g 3000 |
E § 20.00 |
=2 1000 |
o
2 000 : : ,
- FREIEAE  hERE IS
HCLL MCML LCHL

falkl Diet

U A [RIRPRIE A T 7K T P Sk 7 P M o2 B A H i = i B PR S R
Fig. 1 Effects of dietary carbohydrate and lipid levels on glycogen and triglycerides content in the liver of blunt snout bream
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Tab. 5 Effects of dietary carbohydrate and lipid levels on plasma
metabolites in blunt snout bream juveniles

1Akl Diet
fR hrIndex ERHICAE  CPRERAE R R
HCLL MCML LCHL

I ¥%Glucose (mmol/L) 3.3540.56 3.43+0.37  4.10+0.37
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EFFECTS OF DIETARY CARBOHYDRATE AND LIPID LEVELS ON GROWTH
PERFORMANCE AND PLASMA METABOLITES IN JUVENILE
BLUNT SNOUT BREAM

LI Hong-Yan"?, WU Li-Yun"”, DONG Bo"?, XU Wen-Jie', JIN Jun-Yan', YANG Yun-Xia',
ZHU Xiao-Ming', HAN Dong', LIU Hao-Kun' and XIE Shou-Qi'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To test the effects of dietary carbohydrate and lipid levels on growth performance, body composition, nut-
rient retention and plasma metabolites in juvenile blunt snout bream (Megalobrama amblycephala) [initial weight of
(6.20+0.01) g], fish were fed with three isonitrogenous diets: HCLL (45% carbohydrate, 2% lipid), MCML (30% carbo-
hydrate, 8% lipid), or LCHL (15% carbohydrate, 14% lipid) for 56 days. Results showed that dietary carbohydrate and
lipid had no effect on FR, but declined dietary carbohydrate and increased lipid enhanced the SGR and FE. The HCLL
diet did not induce the retention of glycogen and TG in the liver, nor did it alter morphological indices like HSI, VSI or
CF. In addition, no significant differences were observed on the body composition of blunt snout bream fed with vary-
ing dietary carbohydrate and lipid levels, but as the dietary carbohydrate reduced and lipid increased the PRE elevated
and LRE declined. Furthermore, no significant differences were found on the plasma glucose, TG, free fatty acids and
cholesterol levels among all experiment group. The LCHL diet significantly induced the plasma LDL-C content, sug-
gesting the liver transferred lipid to peripheral tissue to sustain the lipid homeostasis. In conclusion, the blunt snout
bream can utilize lipid better than carbohydrate. Meanwhile, the blunt snout bream has an adaptive system that can cope
with changes in dietary carbohydrate and lipid level. The present study can provide information for blunt snout bream
feed formulation.
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