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BHEC TS A& B TR R BOR L FRAE R L R
T ZE MPURLHIEF IR o B X ok L&
Yy SR FIRTRE 1 B, BAEZAL A F T, 400
g/ A 1R R X B K AL & 0 AR R R S
Ol R IAR SR IE o PRI, 7 2 A AU 4] )
Lo AGHR e B AT AR R, LA £ AL A R
TR, BRG] ER K AL 5 ) A0 A BUOKF
JigZ A AR X R RUMS R i A L M 3 T A Tl R I
WEIRARA RN R &, R AT L
i S AR Rk K AR G W KPR Db 3 R
I, K DA RO e 0 i A ORI D7 A 58
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1.1 SEIRGER

DL B A0 R RHBC O D AL, TR . R
1. KR OB R EE O KRS (DDGS) ly 5
EAE, SRR EAFEESEARP AR
B — %, DAL UE B 21 TR b g 3 R 4 A AR —
., DINER/NEECOD BRI, LRk g
TSR R, 43l B K AR IR M 30% .
28%. 26%. 24%. 22%. 20%. 18%, WR/K{LA
YL R B I)KFARIKR A31% . 34% ., 37%.
40% . 43%. 46%. 49%, il B 70 Ak Uk 1R
B, 2 ARIC M C31P30, C34P28. C37P26.
C40P24. C43P22. C46P20. C49P18, SLIG/ml K}
P 3 B 10 A7 BR A R g B A AR AL, fRDRL R

L FH A 35 8 ORy BR MIL R B, R R 4 G
80%iL80H , MWiTHFERASIIES, IREHSE
RENS5.2%, e i@ i H I 145 SR AT AL AL I
b, HIVE R AR J94.0 mm Py R AL EDRL, 5286 AR
TRV 37 B4 FNEC 7 4L N R V2R .

1.2 {AFS5ER

S 0 R A BRI B, IR A
5 19 R A8 28RS TR Ak L 4 F VT OK P AR AT S
S A S TS mx4 mx5 mAY AR 3R, IERSE
552k 2 mx2 mx2 mi) R LM AR, Pl HiAs 34
A1 PRASEDIE . 2 E N (398.6+5.9) gl KRS
AT, SR IE TR UR, LLTRRSE 5 R
b1 et e [F] — Lb R & J5 X R AT IR, fr
T AT S0 A6 P At AR IR RS, R
SCR DR AR L g . SCR iR B TS, R
AEFRZH R 3 FAT, B MR IR30E M, S
g E, KA 25 °oClb, DL A R
1%~2% M, HEMRMK@®: 30—10: 00, 15:
30—17: 00), -0 L R40%F160%; K& T
25 °CHY DL BT A i 19 3% M, H B 3R(7:
00—8: 00, 11: 00—12: 00, 17: 00—18:
00), . o HEAY R AT BN 20% . 35% .
45%, SLEEW O 16)H . SLRiE, JKAKpHAE
7.3+0.5, AR N(7.0£0.4) mg/L, @AWKE <
0.21 mg/L, /Kild M (26.1£3.1) °C,

1.3 HRWE

LSRG, LR AIUER24 h, FREREA M
R AE, dRRRE, HFPITAENER.
B R  TRDRER B DS A B AL A 6 R
o, FT & MBEEE 10 000))5 , 0345 5L
R KIS R IKIBUM, % F 1.5 mLEj O
BErh, 4°CHHE I, #RJ53 500 r/min.0>10 min,

F1 AREASPEERRERMEFRS

Tab. 1 The main ingredient nutrition in feed formula %

JEA HEA FLHE FHET 4t ¥ THRBE B

ingredient crude protein crude fat crude fiber ash N-free extract
/N wheat 12.00 1.70 1.90 2.40 68.50
/NEEHER  coarse bran 14.50 3.40 6.80 5.50 56.74
KM rice bran 13.20 15.87 7.00 7.73 42.47
KEH  soybean meal 43.20 0.80 7.90 6.50 28.10
SEFFAT rapeseed meal 36.00 0.90 12.50 8.50 28.60
TKREFAH  corn gluten meal 63.00 0.80 3.00 3.50 18.70
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Tab.2 Feed formulation and nutrient levels of the experimental diet

TRkl diet

TiH

items C31P30 C34P28 C37P26 C40P24 C43P22 C46P20 C49P18
ER/% ingredient
/N wheat 14.00 20.00 26.00 32.00 38.00 44.00 50.00
/NFEREL  coarse bran 0.97 1.97 2.97 3.97 4.97 5.97 6.97
KM rice bran 6.00 6.00 6.00 6.00 6.00 6.00 6.00
KETWENER  soybean lecithin 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Tl soybean oil 1.50 1.50 1.50 1.50 1.50 1.50 1.50
KA soybean meal 20.00 18.00 16.00 14.00 12.00 10.00 8.00
SEFFHI rapeseed meal 30.00 27.00 24.00 21.00 18.00 15.00 12.00
TKEAK  corn gluten meal 8.00 7.20 6.40 5.60 4.80 4.00 3.20
#IIDDGS  import DDGS 7.00 6.30 5.60 4.90 4.20 3.50 2.80
iR 445 Ca(H,POy), 1.20 1.20 1.20 1.20 1.20 1.20 1.20
SALIEER  choline chloride 0.20 0.20 0.20 0.20 0.20 0.20 0.20
FIP  distillers grains 3.00 3.00 3.00 3.00 3.00 3.00 3.00
fiZiE+  bentonite 4.13 3.63 3.13 2.63 2.13 1.63 1.13
WA additive 2.50 2.50 2.50 2.50 2.50 2.50 2.50
EFEFRFR/%  nutritional indices
JK4>  moisture 12.20 12.20 12.30 12.30 12.40 12.40 12.40
fl&E S crude protein 30.10 28.30 26.40 24.60 22.70 20.90 18.90
KRR crude fat 5.10 5.10 5.00 5.00 5.00 5.00 4.90
HIHS>  crude ash 10.90 10.60 10.30 10.00 9.70 9.40 9.10
TRZEY  N-free extract 32.40 34.90 37.80 40.40 43.20 45.80 48.50
A4 crude fiber 9.40 8.90 8.20 7.80 7.00 6.60 6.10
5 calcium 0.62 0.60 0.59 0.58 0.56 0.54 0.53
W  phosphorus 1.09 1.07 1.05 1.03 1.02 1.00 0.98
W lysine 1.39 1.31 1.23 1.15 1.07 0.95 0.86
SBE/(MJ/Kg)  gross energy 11.64 11.72 11.75 11.84 11.90 11.99 11.99

VE: FIRINFIR S (Fkg & &): 4E2E A 120 000 TU. 4E4: D5 40 000 TU. 4E4:KE 480 mg. 44 FK; 200 mg. 4k EB, 200 mg. 44 EB,
280 mg. 44 FBg 240 mg. 4EAEE B, 0.6 mg. VZERHS 720 mg. JHEZ 1 000 mg. MR 60 mg. AME 1.2 mg. VCHERZEE 6 850 mg. WIER
3200 mg. #4000 mg. k4800 mg. %2000 mg. % 800 mg. 4 160 mg. % 12 mg. i 4 mg. 40 mg

Notes:* Premix ingredients (per kg) as follows: vitamin A 120 000 IU ; vitamin D3 40 000 IU; vitamin E 480 mg; vitamin K; 200 mg; vitamin B; 200
mg; vitamin B, 280 mg; vitamin Bg 240 mg; vitamin By, 0.6 mg; calcium pantothenate 720 mg; nicotinic acid 1 000 mg; folic acid 60 mg; biotin 1.2 mg;
VC phosphatase 6 850 mg; creatine 3 200 mg; magnesium 4 000 mg; iron 4 800 mg; zinc 2 000 mg; manganese 800 mg; copper 160 mg; cobalt 12 mg;

selenium 4 mg; iodine 40 mg

BEWEW, AR T—80 °Cuk4f, T I iE A= fk4s
BB AE 5 55 BEMLES R A0 FR e 5 T vk £ b
AT, FREUNE . BE . AR RE,
TR DEARL . B e, s

JFRE ARG, 32T 10 mLE .0 d, —80 °Cff
£, HTFIFENE . W aE I A0 B s 0 e 5 5 iR
UL BT RE , JHUE4EW T oK 5y, —HBr
F 10 mLE LA, —80°CHRAE, H T HFHE A
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WUBE SRR I €, o5 — Ry 3 T 6T B I AR,
—20°CHRAF, T HFPEFIAL PR RE B> B

1.4 1BFRNE

WOEE LA BFREE RS e, 2 H
(AOAC)' N 72 J5 i, K RF AL § 105 °CHaE iR At
FE AT HE T ORI K B i, RRG TPOHLER
I 5ok AL ECE Bk AT I 5 LR i 1)
B R R R L AT 0 e 5 KA 3 R
L Jr1550 CCRIREIE PEATIN /2 o TR R HLAT 2 5 &
W52 7742 % GB/T 6434-2006; Tk o A& i
Wit B A XN ILEER Y (%)=100%—(K
G3+HRLEE R B+ 43 HAHL2F 48 )%

JHFIOE L T P T, R T R SRR
FEDE HT T oK & i R, AR bR I 1 AR R
R ZH AT vk i T 219, 2 500 r/minf 0
10 min, B VS WA FIWHEALEEIE . B iE i A
i (Trypase). € ¥ B (Amylase) FlJg i B
(Lipase)Tfi Pk . ML %5 4 B W (GOT) . B NEE A
ff(GPT). MLBF(GLU). Hil =FER(TG). I [ P
(TC). JFEMEME L. UL PROHE St il 7 5] & 24 0 1
B A R Y TR ST BT o

1.5 BETESHH

B 3% 2 (survival rate, SR, %)=100xN,/Ny;

14 1 R (weight gain rate, WGR, %)=100x(W—~
Wo) W

JIFAA 1 (hepatosmatic index, HSI, %)=100x ¥,/

Wy

JIEAA HE (viscerosomatic index, VSI, %)=100x W,/
Wy

JIE# £ (condition factor, CF, g/em®)=100x W, /L’

#7114 Lt (intestinosomatic index, ISI, %)=100x
WIW,

T4} 22 B (feed conversion rate, FCR)=W/(W,—
WAWY)

1 %L K (protein efficiency rate, PER,
%) =100 (W~ WA+ W)/(We<m)
K, NAKKEE, NoAvIGREE, wohZ4eR
Wi, Woh R, wyohitE, wokh e mik
JRE, WO NBERE, LREK, wihfalh g,
Wk B AR, W SRR &, W oW 1R
J i, WoR BT AR i, moRy R R & i

% FMicrosoft Excel 200741SPSS 19.0 k{4 i#F
T8 R £ 75 2 /2 B (One-Way ANOVA),
Duncan[C £ LA 0] 22 5%, 2§ P<0.05HF &R
25, BIEFRR NV EAR HE 2 (meantSD)

2 iR

2.1 ARNATRERRACEIIMELRKETK
HABE & A KIS

C31P30ZH B iG R fie e, HoAth 45 2 1] ol 3% 2R
Jo iR 225 (#3); MEE R R R KSE T

®3 TRBKLAYMEBFRK ARG AABESE KMEERZIT

Tab.3 Effects of different levels of carbohydrates and protein on growth performance of large-size C. idella

L diet

TiH
items C31P30 C34P28 C37P26 C40P24 C43P22 C46P20 C49P18
YiEE/g 1IBW 400.00+2.00 397.33+7.51 402.00+£0.00 401.67+2.89 397.08+2.09 400.00+3.00 399.94+7.66

AR HE/E EBW  1434.67+97.34° 1386.00+71.02°

i #/% SR 96.70£0.00° 90.00+0.00° 93.30+0.00®
R R FCR 1.67+0.10° 1.75+0.11™ 1.92+0.07™

WEZ/% WGR 260.69+8.65° 251.83+11.41°

FEARE PER  201.57+3.32° 202.75+8.08" 207.5146.55°

JEWEEE(glem’)  CF - 2.10+0.07 2.05%0.09 2.17+0.06
WA EE/%  VSI 12.99+0.73" 12.86+0.32° 13.27+0.55°
A LE/%  HSI 2.27+0.13% 2.37+0.15™ 2.18+0.11"
et t/% 181 1.79£0.07" 1.88+0.02™ 1.75£0.05"

1326.67+184.15* 1310.00£42.51% 1275.77+52.19°

229.44+12.01°

1164.00£83.61° 1093.00+£97.06"

90.500.71° 90.00:£0.00° 89.00£1.41° 93.40+4.74™
1.94+0.06° 1.95+0.05° 2.11+0.18% 2.26+0.16°
226.222+12.07° 225.9148.15°  195.90+7.11°  193.67+1.96"
212.0948.76™  231.0949.50°  230.91+10.44°  237.4248.40
2.08+0.06 2.07+0.08 2.14+0.09 2.110.12
14.16+0.45° 13.43+0.47% 14.99+0.89° 13.54+0.61%
2.45+0.19 2.00+0.16" 2.13+0.08™ 2.66+0.35¢
1.92+0.09° 1.81+0.10b° 1.93+0.09* 2.03+0.13¢

e R FATEEE R bR AR ROR 2 57 B (P<0.05), FIF

Notes: Values in the same row with different letter superscripts represented significant difference (P<0.05).The same below
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KA G YK T, A ER R TR,
iR R B T m i H . Yk oK L& Bk
Vi T37% . UK PR T 26%0), R 3
R E T FE(P<0.05); TaDREER 1 TR0 Bl ) R
BB FRE . BB YIKF T ST s
2 2 1) K LA o G BE G 3 25 R (P>0.05),
EN RN AN 7R N = I DA N A i RTR SN aR T S e
YK V-0 T R T s, e K & P K
HA9% I, A B R A L 2 v T Al 2
(P<0.05).

2.2 ARATEBRKLEDMERRKFEXNX
MRESAA. FFIEERIERHEE

AR AR L WL ERDREL A M o B e e K Ak
HWKEFE . E A FKE R T A
B(P<0.05)(F4) . MK A KT8 5] 46% LA
LB, WUR AR WG i 3 S T C31P30FIC34P28
4 (P<0.05); MK A YK EH40%UL -
BF, AR AR G 7 o S T C31P30H1C34P284]
(P<0.05). WL P AH B 11 5T & £ Bifi 1) BL A K A6 & 4
VI b I S i S T N SRS ]
FA 22 AN A5 A B b R L P A

I 7K 43 TC i 35 2% 5 (P>0.05), Bk K1k & W7k F
T o A BKEREAL, R USRS
BT E R, Rk KL A P KT 5 B 46% 0,
JH b L B it 0 3 v T LAt 4% 1R (P<0.05) 5 L
W D 3 DU 7E ik 7K A & 0 K F R 40% 0 1 3 T
L, AR TE R R OK AL G YK U RS A
F AR (P<0.05).,

2.3 EARATEBRAKLEDMERRKENKX
MR E & f7iEH BB RS

Bl 5 T ) v sk K Ak B B 7K TR AR
KSR B, KRS A2 i 8 R R 1 T R
MR TR T m s, 198 G RN UE K il
T M 23 1 7 B K AR A 9 K S R 40% 146 % i
fi%, gk2L Tt m oK A G W0 K7 Ja S 1 2
F1(P<0.05); 5 Wi oG Pk 2T E ks, MR kfk
B WK R A9% 0T, B o Tt 3 1 2 v T A 4%
2H (P<0.05)(£5).

24 FEARATEBKRAKCEDMERRKESK
I E & IR FRRIF2 M

Wt AR R K AL & WK TE R, 45 41
R e 1 I 55 I . 3 22 5 (P>0.05), IfiLYE

R4 TRBKELEYNEBFRKTANSKABEATE. ARSI M

Tab. 4 Effects of different levels of carbohydrates and protein on liver and muscle composition of large-size C.idella

Akl diet

IiH items
C31P30

C34P28

C37P26 C40P24 C43pP22 C46P20 C49P18

WA muscle 7K%3/% moisture
MR/ % crude fat 2.79+0.10°
HEA/%  crude protein
JUHE 5/ (mg/g) muscle glycogen  0.75+0.18"
JFRE diver  K43/% moisture
Ji§Wi/%  crude fat 8.05+0.71°

HFHE 5 /(mg/g)  hepatic glycogen

2.80+0.11°

0.63+0.1°

8.47+0.09°

31.76+1.31" 33.45+3.55" 32.89+4.3"

75.39+0.85 75.39+0.54 75.54+0.18 74.91+£0.43 74.75+0.90 74.33+0.76 75.47+0.77

3.23£0.16™ 3.22+0.38" 3.23+0.54 3.75+0.43" 3.76+0.08"

20.26£0.54® 20.27+0.04® 20.18+0.27% 20.75+1.25° 20.04£0.16™ 19.28+0.31° 19.30+0.17*

0.83£0.09" 1.42+0.15° 1.42+0.25° 1.03+0.16" 0.83£0.21"

63.53+2.14  66.50+1.30 65.80+2.69 63.27£9.13 65.97+1.10 65.93+2.85 64.13+1.45

9.14+0.16* 10.20+1.73° 11.07+1.42¢ 10.43+0.33 10.96+0.96"

28.94£3.61° 29.5£5.62°  50.21+3.99° 44.3443.21°

x5 TRZEBRMBKUEYKENAIAEESHIEHLEEEERFME

Tab.5 Effects of different levels of carbohydrates and protein on digestive enzyme of large-size C. idella

ikl diet

TiH items

C31P30 C34P28

C37P26

C40P24 C43P22 C46P20 C49P18

JBRH A 8§/(U/mg prot) PRS 3 454.2473.39" 6 001.3+456.16° 5 732.9+602.45" 3 361.5+488.72" 3 416.5+439.62" 5259.7+100.55" 5 233.8+504.47°

VERTE/(U/mg prot) AMS  5.96+0.57  4.81+0.36"

JIg 107 HE/(U/g prot) LPS 12.04£0.71°  8.31%0.70°

4.98+0.54™

11.04+1.06"

4.76+0.87° 5.44+0.89" 4.06+0.18" 6.18+2.23¢

12.66+2.87° 8.59:+0.70% 10.9+1.4™ 17.84+2.81¢
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SARFEEE(TC), Hh =FR(TG). m&EEREA
(HDL). K% FEJE%E M (LDL) & m # A T 4
#, IfETC. HDL. LDL® & 7EmK1L & K
F46% 2l fie i, [H SRR K AL A P KT
F49%Hf, I TC., HDL, LDLA i i A%,
MVETGE & B E T M A 5 5% &l (GOT)iE
PRI RS, BN (GPT)IEMER T
#, GOT/GPTL i & Tt #4 #(P<0.05)(F6)

3 iR

3.1 FARRKEEMAEBFRKFEERXX
ABEEEKNFIE

TR B AR K AL S P 2R AE K U R
AR E SR BT, MOKAL G WIBR T RN e 42
ILE it 2 Ak, 81T DLA B S R T L HE R
Tk BUK R R S PR e A K, RN
PR R BT DD AR R AR, T 2 1 K P e )
2 B 1 TR Ak A RN a1 EHE T ) v
Jn, TRVEE L 0 T 5% BE A AR I 5 BE K AR T
Yl 3E Y P S ik ik K AL S K- T LR
e RN BT R A T BRAIOK ™ B ) k)
EEBR IR, ALEEE R PR, R0 e
1 0T B ) ) 2R K R R L KAk
GYIKF TR T B, X5 Zeng 5N K
2 0T (Scophthalmus maximus) . ShiauZg™%} B g &
ARt (Oreochromis niloticus3 <O. aureus@). LR
Xt £ (Mylopharyngodon piceus)R il 58 2% J 4
Lo (Y ARDENER BT AR T 26 %] 23 i 35 52 1

RIS wf AR, X R R P 5 TR . — T
T ] A R R R R RO B AR A R
Ky 93— 75 T A] RE = ORI AL TR BE Ry
e, WAL TE R WK I B RT3 I B T R T
ORI i A AR K By K L ANIPN
P D | i) 0B T NN ek v DA 57
g, R £ S 2ATE B Y T AL R LR TE R
30%Z& 4 BARTEARIAL & F T, R A X aRoK
& P i A 3T 3K 37%~56%", (BFERZ L%
PFF, TS5 ik B R0 B K Ak A W 1 0 8 T
ok FRPR RIS S R R, d 2R
TE AR PR 38 o 0 R i 25 kA e A D i I i A
AIALPY F O, S EAm 28 JE AL PRI I 55
B RS AR R - R R R KA
YKV ik E140%)5 , AFERLEE B O R S s >4
kR aR KA S B K-k 2 46%)5 , JILIARLER
UGN 45 4L LA 2 B B 8 T B 3 22
5, ATRESR T RARHE A RACR T e, S EUE
UL R R 32 1 R ROK S FE IR 20 o T
HUE L PR 2 A A DLW DO S A7 0 32
i, AR R K Al A 28 T A W W L A 4 B T
AHE AT B AL, 25 G B K AL & ) 7K1 4
I, R R A R Y AR SR A R R
s IR R R OK AL A Ik Bl 46%IT R
T AR L R B R A A ST
e RE T B bn 2 — 1, AR S v w2 i AR L
Wt R B R L BROK AL K T
o L BT R e, I AT RE R S A e A

®6 ANAEHRAKUAMIIEBRBUKFEX AR E S MEEEE HIERIR M0

Tab. 6 Effects of different levels of carbohydrates and protein on physiological and biochemical

serum indexes of large-size C.idella

WiH Tkl diet

items C31P30 C34P28 C37P26 C40P24 C43P22 C46P20 C49P18
Hi ¥/ (mmol/L) GLU 4.29+0.29 4.69+0.21 4.45+0.47 4.86+0.37 4.76+0.30 4.81+0.84 4.88+0.36
A I E B/ (mmol/L)  TC 479+1.80°  7.67+0.18%¢  6.75+0.58° 8.09:£0.66° 6.99::0.99° 8.54+0.59°  2.73+0.38"
Hih =E8/(mmol/L) TG 2.46+0.21° 2.25+0.57 2.06+0.18" 2.24+0.25 2.23+0.13" 2.38+0.46" 4.74+0.50°
BEEEER/(U/L) GOT 12.9542.47*  12.7141.88"  13.71+0.05®  16.46+1.24™  15.56+1.07™  16.65£1.71°  15.46£0.72"™
BREEM/(U/L) GPT 8.28+0.16° 9.79+1.77° 7.340.7% 6.624+0.34" 7.59+0.39™ 5.74+0.6" 5.740.62°"
GOT/GPT 1.56£0.03"  1.33+0.24° 1.89+£0.19b°  2.49+0.13° 2.05+0.1° 2.92+0.3° 2.73+0.29%
% FE iR 8 A /(mmol/L) HDL 5.98+0.11° 6.37+0.3° 5.59+0.11" 7.25+0.4° 7.3140.25¢ 9.97+0.88¢ 4.99+0.42°
K% FE /I & A /(mmol/L) LDL 5.34+0.48"  5.64+0.34° 4.88+0.14° 5.16+0.2" 4.98+0.35° 7.57+0.35° 5.46+0.3"
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Effects of different dietary carbohydrate and protein levels on growth,
intestinal digestive enzymes and serum indexes in large-
size grass carp (Ctenopharyngodon idella)

HU Yi ', CHEN Yunfei'”’, ZHANG Dehong®, CHEN Tuan ",
LIUBo®, GAO Qiping ™
(1. Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization,
Hunan Agricultural University, Changsha 410128, China;
2. Collaborative Innovation Center for Efficient and Health Production of
Fisheries in Hunan Province, Changde 415000, China;
3. Tongwei Co., LTD, Chengdu 610041, China)

Abstract: A 16-week feeding experiment was conducted to study the effects of different dietary carbohydrate and
protein levels on growth, body composition, intestinal digestive enzyme activity and serum indexes of large-size
grass carp (Ctenopharyngodon idella) [initial body weight (398.6+£5.9 g)]. Seven extruded diets with different
levels of carbohydrate (C) and protein (P) (C31P30, C34P28, C37P26, C40P24, C43P22, C46P20, C49P18) were
made. Experimental results showed that with protein levels decreasing and carbohydrate levels increasing, weight
gain rate decreased significantly, protein efficiency significantly increased, hepatosmatic index, viscera index, in-
testinosomatic index and the fat content of muscle and liver increased significantly. However, the protein content
in muscle had no significant difference among dietary treatments. The carbohydrate levels affected significantly
the glycogen content in liver and muscle. The glycogen content in liver and muscle increased significantly when
the carbohydrate levels were equal to or over 46% and 40%, respectively. The activities of intestinal trypsin and
amylase decreased firstly, and then showed a tendency of increase, and lipase activity significantly increased. The
content of serum total cholesterol (TC), triglyceride (TG), low density lipoprotein (LDL), high density lipoprotein
(HDL), and glutamic-oxalacetic transaminase (GOT)/ glutamic-pyruvic transaminase (GPT)values had a rising
trend with dietary carbohydrate levels increasing and protein level decreasing. These results indicated that lower
protein (protein levels below 26%) and higher carbohydrate (carbohydrate level above 37%) imposed a negative
effect on growth performance, and the hepatosmatic index, viscera index, intestinosomatic index and the fat con-

tent of muscle and liver were significantly increased at high level of dietary carbohydrate.
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