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WE: A THRFZEFaTREMERKCEH(CBH) WA HZR,HET 6 Mk ALEHHZ
o EKMR RARMMEENIERN T, LREA 720 BAEH(3.0£0.3)g thfE &
TEPEE BN NOA  BFHANELE , BENERE30 R, 25 R IRITE30% 8 7K K
W EKER SRERR HERRAMARZF RSN 6 M E CBH W& & S, 20 A4
H8RA, BRET, MR K . ERENANARANE HEX RELKENEAREREY
THMA,fEAREAERME(P<0.05), CBHA XMW E Fg 4 & ALAWAR(P<
0.05), ERENANBERELCENEG TERERR HF MM ARAEFRERNUA(P<0.05),1
DAEZERM M FRRANDEAERTAFRER  ERER XML (P<0.05), CBH #
K 3t fnyF CHO . TG %" i & (P <0.05) ,18 %f TP .SOD . T-AOC fn MDA Wy % " 1~ & (P >
0.05), AREKNA , FEFMLCBH N ZF A KEENZHAR(P<0.05), gt KEN

T, ZAF & AT W 7 R KA BRI AR BROR B4 o
KBWR: T8 FFa; AL ERMER; KUK MFEMER

hE SRS S93.7
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IAg e L, CBH J& fi & (Rt b 31 22 5L JR fr
MORETRP R ™ o AR R IS LA CBH AL A]
& m R AR AR R IR RETY 20 s R DR P R
FURG 7 Bl o (R TA) # 26 CBHL 11 1) T fig
TIAFAEZE SR TR Bl 8. 28 X% AN [R] CBH A W YA fE )
Ao BB, T f8 28 % A [F Rl 2 CBH i #1) T &L
SR, THGH A RS D0 SRR A VR A R O )
Aird . WFFERM, 82850 A Al Bl 2 CBH i A1) I &%
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R[S, Buhler 27 BFSY & Bk % CBH 4
SRS, K% K g £ ( Chinook salmon ) 1) A &
B T P4, Furuichi 256" B 55 ) % ¥ &5 4> F CBH
Y14 ( Cyprinus carpio) )3 T 26 A i R} 0% I o
1B f8 25 Xt K 43 7 CBH B | FH 1 247 F /4 7
CBH 3 — Wi &, e i 52 ) A QTR o it
b, fa2XE CBH BRI 4% 3R 38 5 77 58 %< i . CBH
KV R RN EA LT A R
PEFI 2% B PE 0 205 L I & M 0 280 CBH 1 1 H g

s (EAGEDR RO 2 O TE B CBH 2 ) i A
FAE R A G AR PR R RE R B O BT RE B IR
AT £ TR T R fa 25 e o B CBH 1Y
58, WE P RAIE FA 24 R 14 A K 1 BE N A 1) T A
AR I R £ 28 0F R 1 I T AR o e R HE
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XF SR AN IR B ) T5 G

BRI E A SR, A RO
AP HE S R B R L A R T R
Tl R R R SRR AR 2 H AT IR R R T IR OK R
FAR) EZ R, R EENAETNE. PAE6 R
WAL e P28, CBH 78 Ho4m) R p i) & |4 A
B % K, Shiaw™ @i E % ¥ Ik
( Oreochromis niloticus) & # vp CBH i B ¥ fill 7K
N 30% ~40% , LA BTN, BB B Ak
1.( O. niloticus @ x O. aureus & ) 405 Kl b8
ER IR 34% ~41% o RIS HEIIN R
TR 29% ~ 35% BB K FEH T & Pk fa
( GIFT tilapia, O. niloticus) 4h )£ K, Hiur, %
Ak A GRRE rp — R f 22 Bk L/ (kY L TH B )
VS F2 BERER 1% 3 =R IR IZ i Bk K AL & )
PRI B D, 56T & HE ok JUFR I 1Y
CBH H| FHIRCR LB A5 i R WARGE . i, AR
S DL E A R gl O BE TSN B R BT ) R

H g 30% BB D5 RE K kY L EORTE R DB
VERT H BT IR TE R, HLEL 6 AN IR] CBH
JEURE 6T 2 A fh H RPEBE | A 2 BRI L 3 AR AR 1B AR
HIRZ R, B AE 48 78 2 AE 0 AN [R) R 2k CBH Y ) ]
RHOR O CBH 722 HF ffapkL b ) 1 T 2 AR 4

UMk

0 {7 4}
8 T K VR R A
P A B R ) AR T R K (R
TSI L T S (R AR, T )
SR (G HOIR, R ) B0 B 7T A
T R SRS A= (I
MRV 478 1960, 500 R0 B0 B 4 A 0 06 4330
LA BT 30% [ 7 B K OBy RO BER DR
VR H A R SR R U, 4 % S A IR
W 6 FiOR W) CBH O BRH (32 1), 4 Fb
TP EURH A B 1040 07 U, ¢ JR 32 1 90 0 ¥

1.1

x1 ZRABEAREFKE(%, FTURERM)
Tab.1 Composition and nutrient level of the test diets( % ,dry matter basis)
o M TRER Uk FoRUEN  DREER HEEH KRETEH
. . southern brown wheat corn potato sweat potato cassava
ingredients . -
rice middling starch starch starch starch

WeKAL& Y/ % carbohydrate 30 30 30 30 30 30
K (E =) /% fish meal 4 4 4 4 4 4
KRG HE AN/ % soybean gluten meal 12 6 20.30 20 20 20
M1/ % soybean meal 18.5 24.47 12 12 12 12
K1/ % rapeseed meal 10 10 10 10 10 10
¥/ % cottonseed meal 10 10 10 10 10 10
/% soybean oil 4.24 4.20 3.80 4.82 4.56 4.60
Mg Gt/ % crude rice bran 4.66 4.85 3.33 2.29 2.78 2.83
YR fE/ % lecithin 2 2 2 2 2 2
AR — %55/ % Ca(H,PO,), + H,0 1.55 1.50 1.50 1.70 1.50 1.50
WA/ % zeolite powder 1.50 1.50 1.50 1.50 1.50 1.5
“He A Z TR KL/ % vitamin premix’ 0.20 0.20 0.20 0.20 0.20 0.20
WY JHE IR L/ % mineral premix® 0.50 0.50 0.50 0.50 0.50 0.50
Z AL H 8%/ % choline chloride 0.20 0.20 0.20 0.20 0.20 0.20
Y % C ik fE/ % VC phosphate ester 0.03 0.03 0.03 0.03 0.03 0.03
&1t total 100 100 100 100 100 100
# % /A B nutrient levels®
JK 43/ % moisture 8.68 7.47 6.96 7.54 7.79 7.71
YEKS B2 i WE/ % total carbohydrate 32.6 24.28 37.7 32.76 40.49 22.72
/% crude protein 31.06 34.60 31.97 32.29 31.53 36.43
MR NG/ % crude lipid 7.77 8.94 7.46 9.13 8.35 9.25
K43/ % ash 7.60 8.33 7.43 7.70 7.52 8.35
BEHE/(MJ/kg) energy 17.82 18.44 17.75 17.85 17.70 18.00

L BTy Y i R R S Ca 230 g; K36 g;Mg9 g;Fe10 g;Zn8 g;Mn 1.9 g;Cul.5 g;C00.25 g;10.032 g;Se0.05 g, 2. £ T 7
Y S BB 47 22 A3 200 000 TUS 452 % D, 1600 000 TU; 26/ % E 16 g3 i/ % K 4 gi i/ % B, 4 gi i % B8 g3 4L %
Bo 4.8 g JHER 28 ;72 IRHS 16 g3 R 1.28 g3 LAY 40 g 4kE % By, 0.016 g: AW 0.064 g, 3. # FR/KF LM E

Notes: 1. one kilogram of mineral premix contained Ca 230 g;K 36 g;Mg 9 g;Fe 10 g;Zn 8 g;Mn 1.9 g;Cu 1.5 g;Co0 0.25 g;10.032 g;Se
0.05 g.2. one kilogram of vitamin premix contained VA 3 200 000 IU;VD,1 600 000 IU;VE 16 g;VK 4 g;VB, 4 g;VB,8 g; VB, 4.8 g;nicotinic
acid 28 g;calcium pantothenate 16 g;folic acid 1.28 g;inositol 40 g;V B, 0.016 g;biotin 0. 064 g.3. the nutrition levels are measured values

http : // www. scxuebao. cn



1488 Koo

o 38 %

Wbk, R BOE A U I a7, Je ks Ik
JEORHE G 4], FRES I G SR BERE , 5 A R
AR 40% AWK, RARAEH G
SLX-80 # 45t F ALl il B4Ry 2. 0 mm {1 J5UA 7]
BEHAE 50 CHET RS , 206 Lok, B B0RREHE L
SRR A0 %E BT -20 CokAET PR AE 4 .
1.2 XWEBaRAFEE

SEmAE SR aE i ERR)ARY AR
REgieft, ¥emmamiz G, £ R4
AN B2 B sh W) B i 58 B oK 7= F 58 2 10 %SG
PROK U8t 7 7 2 J], B AR 4 (A] 4% MR AR R
IEUSEETT 4 T, 25 iR 24 h, BEPLPEE 720 AR5
fAOH:, LR A0 R R — B, W) bR R BT & R
(3.0+0.3)g W& &P AEM BP0 6 41, 4l
4dANEHE  BAER 30 B, 00l ARG E W
FENTEH KT R G 24 P 350 L( 5%
FR7K AR FH A 300 L) (945 4E 35548 7 ( H. 4% 80 cm,
i BE 70 cm) o FRIE KON Gak M A TS P e it U
M)A KK BEATE R 53 AR 1 R SR ik, &
K43 F 8:30.,15:00 F120:30 HJEFTHME, £ W45
KW o H AW R 4% ~ 6% , I AR i 45k
B AERMRAIE O IE R, DR R R 5 o sk
TR E . B IE], A SR B IR, K 26 ~31 C,pH
7.2 ~7. 8, JEF KK ANy 5 L/min, FIRFFHE
A >S5 mg/L,H A <0.02 mg/L, 4K WE A E
SRR FREARDE , 18 B e SRAE T AR AR i, A HETS
F K K 2920 30% o 3R A0 8 14 .

1.3 HERXEESMAZE

FRIH S 45 o, A5 24 h R, R OK S R
H,BANEB AL E IR S B A, B4k k.
105 CHtT 2 EEH, AT 2@ s intr. 53
R, KBEUh pimEE L, T 105 CHT EEE A&
o FERENLN AR P S 0l & 4K L A
NEWEEE , JF F 1 mL Jo i i 5 & T R # kOB, &
JF & T E Eppendorf 45 MR H & | h )5, K
4 000 r/ming .0 15 min, §] 5 1 75 FE 5, 038, &
T - 80 CukAih LL& o o R B L, & F
-80 Cuksf P Ar % .

S | AR B LY I E 2 BRAOAC
(2000) 9 J7 ik, FEM LT 105 CHET £ 1EH
J& BT R AR A R B IR E B IE 5 MR
7 5 R F R Rl 32 4 ( Sk S 4 ) 7€ 5 K
SRR S AR A AE S b K e

8 h(550 C) J5 43 ; &5 7 & ok A i U 3
WE o BB & R Eh WOk i f5 FH 3,5- g 5K
Rk E ",

JHF AR i R JULARE i >R P R 32 300 5 5 i i SR
A PR AR E s M S BB (TP RHE S
$or %5 W 9 DU 5 0l 35 B [ B ( CHO) FH b = e
(TG) ALY B AL (SOD) [N 8 (MDA) |
SR RE 1 (T-AOC) , 73 il >R JH B U5 | B R 0%
AL BRAC B H 2 R UL JFe T A JRL I i L B
FHEGR & 0 B R s A ) AR B,
J5 ¥ ¥4 ) & B W AT
1.4 H&EAK

1 8 R (weight gain rate, WGR,% ) =100 x
(BARAE BT~ IR R BT &) /) Jh AR 5T i

5 E 42 KR (specific growth rate ,SGR,% /d) =
100 x [ Ln (& R B4R i &) — Lo (9] 46 ¥ 4K 2
L ONVATIE PN i

5% & (feed intake,FI,g) = ¢4 & f/[ (5%
B TF i e R B + LI A5 R £ R K /2 ]

17 #} & %4 (feed conversion ratio, FCR) = &
/(LR + JET AR BT - B R AR i i)

A JFi %% (protein efficiency ration, PER) =
(BARAEPTHE + JE T R B - W) IG IR T &) /4
AHEHE

[P 1. (hepatosomatic index , HSI, % ) =100 x
(JFF 0 B o/ A {45 o )

JIE A Et ( viserosomatic index, VSI, % ) = 100 x
(N HE R/ AR T )

JIE 3% 5 ( condition factor, CF,g/cm’) =100 x
RN VAR IS

1715 % (survival rate, SR, % ) =100 x 5Z 5 4%
SRR £ B/ S 9 T 4 ) R AR
1.5 HELERZITHH

S EHE R P 6 + AR iE R (mean + SE)
PN o AL TIE) 2E 5 R R J5 22 43 #7 (One-Way
ANOVA) Y75 22 73 Br o A 3 45 R 2% 7 1B 3%
B}, ffi H Duncan 2 T L1 4 40 7 41 ) 22 5 1) |2 3%
P KR AL A SPSS 17.0 # {47, P <0. 05
NEFTE .
2 %
2.1 AEFECBHXNFEEERKMEFAMFA

skl

TR S A R R 25 9 CBH, X %7 HF f f4 A:
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KeaZm i 3 (P <0.05) . kKA B K TEfr 4l
P AR AR 8 R R AR K R s, 4l
H(40. 40 = 0. 85) g I (40. 53 +2.05) g,
1 175.32% +26.93% 1 1 178.25% +64.29% ,
(4.24 £0.04)% /d F1(4.24 +0.08)%/d, 5K
EIER AU ALAH L EB B 22 5% (P >0.05), 5
B EVE N FH S E M AL B K, 4 ) R (35,31
0.66) g fl (35.71 +0.41) g, 1 014. 38%
21.36% Ffl 1 027. 79% = 13. 24% , (4. 02
0.03)% /d F1(4.04 0.02) % /d, W AL T/’
B KA E K JE R4 (P <0.05) , {H 5 K 2 5& ¥ Al
WA TLTREEZF(P>0.05)(£2), RE®E
REVEM A e (42.75 £0.46) g, 50l £
KUEB TR EH 2% (P >0.05)  HI & Tr
TrBEK R ER T EHEMAL (P <0.05) , G445

H+

H+

+

R2 FEMZECBH XTI EK ML

VERY L F AR [ (40.20 £0.24) g ] A 55 5y B ok 4l
[(41.14 £0.34) g CW B 25 (P >0.05), Jif
R e S R oKk Al e, B 1.90% =0.16% ,
B TR S S E A R H R AL (P <
0.05), 5 EKEMMAZEE MU T 827
(P>0.05) . JEAAHAIRE 36 5 5256 &5 4 B4 35 0
IR 25 (P >0.05) , £ A4b 320 (] oI 26Kk 2
WEMEZER(P>0.05), #4106k R L0 2 800
AL 5 A K RUCR B A AL, B O RS K B A, R
1.12 +0. 03, B B AIK F b S48 2 e by H S5 e
IR EFER 4 (P <0.05) ,{H 5 £ K 5E #4141
L ICHI S 22 5% (P >0.05) , [AlFE, 8 F B sk 3 LA
MK R&E, SERERA TR EEES
(P>0.05), & 2 & 0T 58 Ewh . HEkEn
AR ZTE R 4

9%

Tab.2 Effect of different types of carbohydrate on the growth performance of tilapia

415 PITREK U FORVER T EYE R SR ARETER

group southern brown rice wheat middling corn starch potato starch sweat potato starch  cassava starch
WG R E/ ¢ IBW 3.17 £0.00 3.17 £0.00 3.17 £0.00 3.17 £0.00 3.17 £0.00 3.17 £0.00
LRI H/ g FBW 40.40 £0.85° 37.64 +1.28% 40.53 +£2.05° 35.31 +0. 66" 35.71 £0.41° 38.15 +1.66%
W H/% WGR 1175.32 £26.93* 1 088.06 £40.39%° 1 178.25 +64.29° 1014.38 £21.36° 1027.79 +£13.24" 1 105.65 +53.46™
FEE K2/ (%/d) SGR 4.24 +0.04° 4.12 £0.06™ 4.24 +0.08° 4.02 £0.03° 4.04 £0.02° 4.14 £0.08™
Hah/g FI 41.14 £0.34% 41.64 £0.48% 41.84 +0.65% 40.20 +0.24° 41.97 £0.38% 42.75 £0.46"
JF& /% HST 1.90 £0.16" 1.51 £0.09" 1.81 £0.09® 1.45 £0.06° 1.51 +£0.06" 1.73 £0.07*
e /% VST 9.87 £0.23 9.59 +0.31 10.01 £0.21 10.45 +0.39 9.77 +0.14 9.45 +0.14
BEE 2/ (g/cm®) CF 3.38 +0.03 3.32+0.02 3.36 £0.01 3.35 £0.06 3.36 £0.03 3.29 £0.03
Kk} %k FCR 1.12 £0.03° 1.24 +0.03% 1.15 £0.03" 1.27 =0.01° 1.31 £0.02° 1.26 +0.04"
A A% PER 2.89 +0.08" 2.61 £0.06™ 2.79 £0.07* 2.53 £0.02° 2.46 £0.03° 2.56 +0.08°
G/ % SR 98.33 +1.67 95.83 £2.10 96.67 +2.85 96.67 £1.36 96.67 +1.93 92.50 +1.60

T« A A7 80l 8 b AR ) 7 B SR T B R R 22 5 A % (P >0.05)

AF/NEGFRER IR 225 B H (P <0.05) o FRIERR

Notes:in the same row, values with no letter or the same letter superscripts mean no significant difference (P > 0. 05) , different small letter

superscripts mean significant difference( P <0.05). The same as the

2.2 FEMFE CBH Xt T 3E & 4k A 5 1 &0
S VE M A AR OK o B s, 71,37 % +
1.02% , B 1 = F 3 7 R oK L 6 OK T8 8 K S5 38 #
(P <0.05) (H5 U0 55 2 v A H 5
HICHI 22 5 (P >0.05) , A 3E 0 F R 5 Hi oK
AR, 4> By 68.42% +0.67% F1 68. 45% +
0.71% , 5 EKTEH AR ZEEMA 2RV R (P <
0.05) . WM & 1 & b fe i, 61, 12%
0.72% , 5 HHEEMALWE 25 (P>0.05) ,{H
W T 7 REOK L RO TE R | ED AL T R 3
TEMZH (P <0.05), Hod, K8 JEMHRMK, N
56.38% +0.58% . HHAS Wi T K ¢ B (26. 64%
0.73% ) FITg J7 ks K 41 (26.00% +1.10% ) ¥ 1]

+

+

following

W T U SR B VE R L H R IR B E A
(P<0.05), ¥y 4 %, 18.88% +0.59% ,
L B A K & om, B 16, 77%
0.33% , W] W /& T AR B UE M g Rt K R OK TE By
(P <0.05) {85 %M Al H 25 3€ By 41 T B B 25
S (P >0.05), F K&k HRM(12. 27% =
0.25% ) (P <0.05) (£ 3).

B K 53 & w A, A W] Fp 26 CBH Xf 2 3 fa LA
AT AT A (P <0.05) (£ 4), %
VERY AL LA B 1 i Ao (92.22% +0.01% ),
Wl s T A2 CBH(P <0.05) , REJER 4
AR (89.63% +0.01% ) ,{H 55§ Jy Kt oK 41 TC W
2R (P >0.05), KR K5 & & i = (E 5

B I [
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B BTEARFEEM A (3.71% =0.01% ) M S5 (I BLAE & 4% BE B 41 (2. 33% +0.01% ) Al

41 (6.68% £0.02% ) (P <0.05) , i ik

EHTEMLL(5.91% +0.01% ) (P <0.05) .,

®3 FEAMELCBHMNFFEERFHZM(TE)

Tab.3 Effect of different types of carbohydrate on body compositions of tilapia( dry matter) %
285 P T REK U FATER LR EER HE R RETER
group southern brown rice wheat middling corn starch potato starch sweat potato starch  cassava starch
7K 43 moisture 68.45+0.71°  70.77 £0.71*  68.56 £0.38"  69.55+0.46"  71.37 £1.02*  68.42 +0.67"
H T [9 crude protein 57.18 +0.47°  61.12+0.72°  57.31 £0.64"°  58.40 +0.51° 60.43 +0.90*  56.38 +0.58"
FLIE WS crude lipid 26.00 £1.10* 18.88 £0.59¢ 26.64 £0.73" 19.95 £0.66° 21.04 £0.93% 22.81 +1.22°
JK 4y ash 13.38 £0.52° 16.24 £0.28*° 12.27 £0.25° 16.77 £0.33" 15.70 £0.39* 14.05 +0.32°
#4 FEME CBHMBE&NARS (FTE) A FFBERGEE) HPM0
Tab.4 Effect of different types of carbohydrate on muscle compositions( dry matter) ,
muscle and liver glycogen( wet matter ) of tilapia
215 [IPIEES UH FARTER LR BEVER HE TR ARETER
group southern brown rice wheat middling corn starch potato starch sweat potato starch cassava starch
K43/ % moisture 79.52 £0.15 79.73 £0.04 79.38 £0.34  79.51 £0.17 79.32 £0.13 79.17 £0.12
HLHE H/% crude protein 89.69 £0.01° 91.35+0.01° 91.34+0.01° 92.22 +0.01* 91.24 +0.01° 89.63 +0.01°
MG/ % crude lipid 3.47 £0.01° 2.75 £0.01¢ 3.50 £0.01° 2.33+0.01° 2.94 +0.01°¢ 3.71 £0.01°
K53/ % ash 6.17 £0.01°¢ 6.34 £0.01° 5.91 £0.01° 6.68 +0.02° 6.32 £0.01° 6.04 £0.01°¢
ALKE )/ (mg/g) muscle glycogen 0.43 +0.03 0.45 +0.04 0.49 +0.02 0.50 +0.05 0.45+0.03 0.49 +0.07
JFBEE/ (mg/g) liver glycogen 33.23 £2.79°  42.59 £3.52%° 48.67 +3.45° 40.48 £4.53" 35.37 +3.13° 35.02 £2.35°

AR B2 CBH X LB J5 G B 8 5% ) (P >
0.05) , fHXJ JFBE S5t i 5% e B B (P < 0.05) (R 4) .
FARTEM A [ (48. 67 +3.45)mg/g | ] 2 5
FraRE K H M FIR EEH 4L (P <0.05),
H5 R A 48 B M AL T W B 22 5+ (P > 0..05)
A 5 RE K AL B A o B IR [ (33,23 £2.79) mg/
g ] I BART FRTEMRLA (P <0.05),

2.3 AE#ZE CBH 3¢ 54k f& M iF & L I FR A0

CBH Fi 2B & 52 mi) i # 7 & (P <0.05) .
DR K AL I 5 At CBH JEHI 22 5 (P >

IS7A
n

524
W

®5 AEME CBH X F & MFENIER

0.05) ; RZETERY T AR TER FUCH 2H 8] 1f b e W] 2.
ZE5t(P>0.05) H 1 & & T 5% e by Al H B 0
¥4l (P <0.05) , CBH Rl X} 1fiL3E TP 520 A B 2
(P >0.05) ,fHxf % fa [fiL 7 CHO Fil TG 7K F-52 1
HIR (P <0.05), 4% B 3E by A H 28 0 b 41 i iE
CHO W] i 15 T YKy . 7 B oK Fl K JE Ry 4 (P <
0.05) , 1 A B IEM AL M TG B & & T WM F1 R
TrREARA (P <0.05) . ARBIER A MG TG i,
Lh S S UE by 4 A A%, CBH Ff 2 %} 1fi ¥ SOD | T-
AOC F1 MDA (520 ARH R (P >0.05) (%£5)

pi g
SEAT

Tab.5 Effect of different types of carbohydrate on serum biochemical index of tilapia

215 kR il FOKRTERY R TETERY HETER RETER
group southern brown rice wheat middling corn starch potato starch sweat potato starch cassava starch
1L #%/ (mmol/L) serum glucose 6.00 £0.48" 6.77 £0.42*  6.90 +0.54* 5.01 +0.67° 4.55+0.36" 7.30 +0.58"
MEE/(g/L) TP 26.30 +1.57  24.85+0.49 26.33+£0.60 26.800.60 27.70+1.16 27.55%1.83
JH[E £ (mmol/L)CHO 2.30 £0.12° 2.26£0.04°  2.42%0.15" 2.82+0.05° 2.92£0.06° 2.64+0.13*
H il =Wk (mmol/L) TG 0.87 £0.01% 0.83+0.01** 0.88+0.03" 0.79+0.02° 0.88 £0.05® 0.96 +0.03"
W E AL Ak i/ (U/mL) SOD 163.31 £6.81 155.60 £4.94 156.45 £7.27 156.13 +6.33 166.40 £5.51 155.11 =7.44
S A kAE f1/(U/mL) T-AOC 11.54+£0.19  11.72+0.17 11.76 £0.15 12.16 £0.17 11.97 £0.05 11.55 +0.24
M~/ (nmol/mL) MDA 14.01 £0.38  15.57 £0.60 14.39+0.46 14.66 +0.35 15.22+£0.96 14.47 £0.15
[5-8,18]
3 wie A o PRI, X6 i — LA Y 35 5 X 42
e e N e s N
5, o2 Ao S B S R K AR S W R AR A BE Al
2% CBH (1) FIl AR &2 o Ffl CBH Fj 25 (1) FEHIEE A CBH #i2, HEMhfZarkalitti
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P R BB 32 0 R K F 9 CBH'Y L B R fa 2 i
BRI 22 B 2E, O WF o8 3 I 24 & 1 fa 25 X
CBH 1) #1| I fiE 77 8, — JBE R 30% ~40% 471,
ASLgyrh SR R YR T 100% R A KR
IR T 4% /d,ixX i B 6 v CBH 7£ 1] K} 45 fin
30% A X F B K AE A R, 5 LA b
FE A g i B AE fa AR R CBH S LA R
30% ~40% FEA— 35, UE B 2 A fa 6 5258 b i 6 A
AN A K AR R B0 19 ) FH e

A B2 CBH X & HE o iy A K g B
Wi, DR R, A RF 2 CBH X 2 4k fa
PRI/ 72 A ) 5 AR L, A S B 4
w7 R R B K S AL B ORI
WERARE A KBRS TSR EENMHZ
TEM AL, N[ CBH Fft 26 Xt a1 44 JIg i 1) 5% i) o5 Ky
B, 0% 15 Lin 25720 45503, OB R R K TE #
20 B AR 07 UL PR B D X i T RS O RE K 4, |
iR 85 251 #E B 41 ( Ctenopharyngodon idella) T 5%
R B, AR SR A R KRR DE R 4 4 £ g
05 5 B ARG T K UE B /N 22 T p 4L, A S g
ZE R G ICALL . AR IT L & I R K R E K UE
3 20 B8 1 0T R 3 W I e v T DR R B AR
XUk B 2 a0 R RS DK T K SE A 1) R Bk AR
T HoAth 4 B CBH Fj2&

RS BCR 91 TR 2 B B SRR IF
Z W5 R W, A5 Kbl i) k) T 4k ) CBH 5
I3 A, 3 S ply TR L T op AR 2
AT A, CBH ikt £y 5 ) i (A T e
ML " o EARSLE L 30% R 77 R Ok 4 b
ATV LG B S HE VO | T B R H B ey
K, W R RE K AT ARG CBH A EL Ry L S48
AV S0k 25 . H e RS K 2 i R R i
A, AT RE S 7Rk 4l CBH Riff s £ 2
SR RE , i AE7E A E b AR B R B A . |
Bt — 2 5 B, CBH Fh 2 £ 5% i % 3 0 T 19
IIfE, 5 R o 45 ST Ak 1 AT A R B R K SR
A S EUF B R R R0 25 BAH 7, X T A CBH
PR s, AL R AR LI CBH F2 5 1%
R 8] B AH &, $2 7 52536 i A 6 A CBH 7E 1R
AN 30% [ F A SRS AR A IE R K

I OB [ AT 2 B B 30 4 0 43 0 4 B 2
LU D REAR A DA S 20 WAL BB 1) — A~ 2248 F5
[i] Fof 38 AT LA Sz B ek R SR A 5 A Y, AL

REE A R, CBH whfa (R &5, fal kv iy
K+ CBH T B [ fiff il i % b5 A e iE AT 38 &
G W2 W 3 WIS I, — 358 0 4 4 A
TR AR I OE B, 5 | R B S R T
— 0553 AT 200 R AR B BT W S A 2 T v,
FIAE PR 3 WA RIS T 40 o 7 A A L 32F AT B8 R 46 LA
AERF MBERRE , o) — 43 W JHF A/ 21 24 BBUE 1L
WD AL AL R B Ak g MR i 4 . AR S g 45 2R
th, CBH F 2 5% UWE J5 A R AS W) 4k, (HL ) I8 52 g JTF
R 1 S R ] I =R I | oD O N B S
CBH 1) ORI % A i 1 A 56 HAS [ #h2% CBH 1
W SR R Ak B B AT TR AR o

R S B S AL BE ) 1 9 55 5 f R AR AF A
YRR, S bt A A R T B I T S 304 b
PIR I &L . ARSI R Bon AT CBH F 28t
MY S B A fL 48 45 SOD [ T-AOC I MDA 3 i
AR (£ 5), %P6 F CBH 1 1 K rp i i
30% , AN S35 B A ) fa R O

4 45

ARG 50T 6 Kl CBH Xt 2 4 4 (1 A KR g
TRDEFF T AL B0 3 53 L 395 A= A 4 b B AT BTS2 B9
M, DARERE A R R AR, 22 W1 2 AR %) g 7 b
RN KIE R A R I T HioAt 4 F525 CBH.
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Effects of different types of carbohydrate on growth,K body composition and
serum biochemical indices of GIFT tilapia( Oreochromis niloticus)

SUN Yuping'??*, WANG Guoxia'**, HU Junru'?**, CAO Junming' >~
CHEN Bing' >, CHEN Xiaoying'>*, WANG Suitao'*>**, HUANG Yanhua'***
(1. Institute of Animal Science ,Guangdong Academy of Agricultural Sciences, Guangzhou 510640 , China ;
2. Guangzhou Public Laboratory of Animal Breeding and Nutrition ,Guangzhou 510640 , China;

3. Guangzhou Key Laboratory of Animal Breeding and Nutrition ,Guangzhou 510640 , China)

Abstract. The experiment was conducted to determine the effects of different dietary carbohydrate (CBH ) on
the growth performance, body composition and serum biochemical indices of GIFT tilapia ( Oreochromis
niloticus) . Total 720 fish(initial weight:3.03 +£0.3 g) were randomly assigned to 24 tanks (30 fish/tank ) and
fed with six experimental diets, which contained 30% different types of carbohydrate ( southern brown rice,
wheat middling,corn starch, potato starch,sweat potato starch and cassava starch) for 60 days. Daily feeding
rate was 4% —6% wet weight. The result showed that the final body weight( FBW ) ,the weight gain( WG) ,
the specific growth rate( SGR) and the protein efficiency ratio in fish of southern brown rice group and corn
starch group were significantly higher than those of the other 4 groups,but the feed conversion ratio was on the
contrary (P <0.05). The differences in body and muscle composition were significantly affected by the types
of dietary carbohydrate (P < 0. 05). Hepatosomatic index ( HSI) is the highest in brown rice and corn starch
groups( P <0.05). However, the viserosomatic index,condition factor and survival rate were not observed to
have difference in all of the carbohydrate groups (P > 0.05). Hepatic glycogen of corn starch group was
obviously higher than that of potato starch,sweet potato starch and cassava starch groups (P <0.05), while
serum glucose of fish in potato starch and sweet potato starch group is significantly lower than the cassava
starch,corn starch, wheat middling, and brown rice groups (P < 0.05). CHO and TG showed significant
different among the carbohydrate groups (P <0.05) ,but other serum biochemical indices, mainly relation to
TP,SOD,T-AOC and MDA examined in serum were on the contrary (P >0.05). The results indicated that
GIFT tilapia could tolerate the six types of dietary containing 30% carbohydrate but they did not impair the
growth performance. It was concluded that the different carbohydrate sources in diet would produce significant
differences in growth performance of GIFT tilapia. Based on the growth performance (SGR), it is suggested
that the optimal dietary carbohydrate sources for GIFT tilapia were brown rice and corn starch in this study.
Key words: GIFT tilapia( Oreochromis niloticus) ; carbohydrate; growth performance; body composition;
serum biochemical indices
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