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AR AR E KR ERE . MR . FOoRIER AR ORI AR B R 5 A A F AR, Xt

R E (31.24+0.58) g 1Y U1 & 48 #% (Trachinotus ovatus)#t 47 4 # 56 d 6 143 2= 5238, b 8 [l A 7 45 6
WHES LK, RAR., R FEREEE Y r, FRERAATEKEEMNX, ERET,
AR X O T 48 45 1 B R (WG)Fn b 2 A K F(SGR A B % % H(P<0.05), HE ML FEHAAH A
By A, Hp ) L E KM B WG F1 SGR X 8 45 H 335.35%F 2.62 %/d; A [E] K5 IR 41 69 A (VS
FEMR H(HSY) . AP HE R A U R & B DA R o 4 . i % M8 [ B An 4 o = B b B M 2 R(P<0.05), 3
AEHEARE; %O REEHK)E /5, B4R 409 v B R 0F ) 398 B F M £ 3(P<0.05), 7F
REEHEUART . EALZBAHGT, THESHERLAL) THENAARRETHAEE N FHE,
ML ERERAE E KRR FTRBERAANBESERALEFER R, HREN., BEMH

ERFWARIETE —E R,
ES 4t

hESEE S963.16 ICEkERIEAD A

YR JE SR % (Trachinotus ovatus){AFR 488, J&) £k
PRI, Uz IR T ER TR VG . BN A
ZR G K AT HEHL X (Lin et al, 2013), SRR R 654
F TR, AT T i ] 5 2P AR AR 7T 36 500 g A2 A
MAERIR] BT, BOLR AN, WRIEEESE, JEL T
EHRmE ML E A, WZHAEEZ. Bir, H
W N SRS A T R AT BT, RE L HAS,
L WA E STt R RN R . BEE AN T
B AR B SR LA B K HR IR 7K o 48 37 B A 3 T 1
I E NP SR S A AL IR0 A R AR R RSk, ST

WY, BIR; £K; RAn; ftE; BE#E
XEHS  2095-9869(2016)05-0022-08

TR i, SR8 7= s Rr i K

SR, TSR ARDRMA A6 7E fKs . SR ARG Ge il k)
A URBER 5K B T RS Bk, FE— R R
il T A= SRR A A R o i A1 2 35 5 i AR P RDRE AR
25 5 M ST AR B 50%-73% G4k, 2003), AL,
TEAS 5 M 0 2R (R B A 4R T, s/ Rl 2
i BRAKSRIE AR B R £ 2 S M R A A 11 [
W= TR FURE A AS S IS | R R I R RBIR I T . AE
M RBEAE AR A, SRALRERY T, AT DA =
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* VG HARFLESL 4 (2012GXNSFDA053013) , |~ PR 22 B L ARBHIT L 55 28 (15YI22HY 14)F1) Pa il 7 AF M 5 AR s 5

I = IO (GLMBT-201503) 3L A % B . #2235,

E-mail: Oxiao0dong0@163.com

@ @iRMEH: 5k 2, BIWFF 5L, E-mail: zhangqin821220@163.com; FEGY-, ##%, E-mail: cgp5@163.com

ks HIY: 2015-07-15, Woig ok H1: 2015-09-15



%53

B 22 G4 R [RDRE IR IRD LR B E B8 6% (Trachinotus ovatus)AE 1 . AR ZH . I8 7K S R T A 1 Aot 1ot 0 1)

1524
Y

m 23

i E Z I T A Ak e, Wik, f2is)
W AR (2 Z A, 1996; Stone, 2003;
Fernandez et al, 2007; Enes et al, 2008), [Af}, BEfE N
HA T, RGN TR DL R K A e v 7 i A AT
BARWIER . SR, 2R TS Y RE ) 8% (Wilson,
1994), HHEZH|MIEGFN . RIS AR oK
T 1T A AR A B I S (B4 Y 4%, 2006), AL,
TR AT R A0 2 WA FHRE 1 52w R i 5, i
A RCHR AR T, R R A RGE AR

AHIE 5T FE 0 A AE BT R M X AR T T 4
YR, PO FI A [RA 5 8 ) 25 5 1) AR B LR s o0t
T U IS [ JR AR BT SR A2 A K | IRZE A . IR
TR AR LA O T ik G PR RS2 ), 328 o SR AT R T IR
BRAS A BRI S, P R OB R 65 A T LA BT
BRI , WA PR AW ST 0 SR Y i 2
FHLH SR AL LAl TR}

1 #MR57R*E
AR 5 HME

43 0 5E 25 FRDRHECRE B K 43 . B R AR 3R AR
oy, VBRI T PR . DAty . SR, BRER 1 .
il OBENS S A AR RE L 4Y, 4 BN 20% 1 4
IR RERE . OWDRE . R OKTE M MBI AL T K TE # (R A
BE . RERERURIRG A A AR AR, abral; FORTE
AR AL FoRVER W A iR — N BB A FRA A
BRSO 98%A1 90%), ELHl Y, 5 FhAIH]
BEIE B 55 RU(ZY 44%) . SE IR (2 9%)TDEH(S FPARDEFEY 7K
BE RN 9.72% . 8.94% . 11.54% . 8.60% Fl
8.81%), TalkHdl milc T B B SR A AT LR 1,

TRk i VE 8 LA AL B8 Sy« FEDRY R MRS 114K SRR
wEEat 80 HIf, KB T LB 7 i i AR 2 & 1)
JBERER A AT, BN A TS TR A 1 i RN K T AR

11

x1 AREAREFAM(% )
Tab.1 Formula and proximate composition of the diets (% dry matter)
J b RENE Wk FARTEH I E K TER
Ingredients Glucose Sucrose Dextrin Corn starch Gelatinized corn starch
fi Ky Fish meal 43.5 43.5 43.5 43.5 43.5
¥4 Soybean meal 20 20 20 20 20
i1 Casein 6 6 6 6 6
iyl Fish oil 6 6 6 6 6
UPEAR Lecithin 1.5 1.5 1.5 1.5 1.5
E44: % Vitamin premix" 1.5 1.5 1.5 1.5 1.5
BETYE Mineral premix? 1.5 1.5 1.5 1.5 1.5
Hi%ME  Glucose 20
JEHE Sucrose 20
WikE Dextrin 20
EKJEH Corn starch 20
WAL B KYEH)  Gelatinized corn starch 20
EFHYR, Proximate analysis
MM Crude protein 43.93 44.16 43.86 43.69 43.74
MBS Crude lipid 9.12 9.19 9.23 9.28 9.06
K4y Ash 8.69 8.36 7.85 8.14 7.98
W4 Dietary carbohydrate 20.78 20.33 20.86 20.81 20.44

1) 44 ZF AT 7Rt Vitamin premix provided per kg of diets: Vi, 25 mg, Vg, 45 mg, Vge 20 mg, Vi, 0.1 mg,
Vs 10 mg, HUE Inositol 800 mg, ¥ZMik Pantothenic acid 60 mg, 4AM& Niacin acid 200 mg, Folic acid 20 mg, 4% Biotin 1.2 mg,
#EHZE A RIS Retinol acetate 32 mg, Vps 5 mg; Vi 120 mg, Ve 2000 mg, 4 4LAREH Choline chloride 2500 mg, 4 sk
Ethoxyquin 150 mg, X4} Wheat middling 14.012g (Niu et al, 2013)

2) AW Y NET A EHE L Mineral premix provided per kg of diets: NaF 2 mg, KI 0.8 mg, CoCl, 6H,0 (1%) 50
mg, CuSO,4-5H,0 10 mg, FeSO,-H,0 80 mg, ZnSO4-H,0 50 mg, MnSO4-H,0 60 mg, MgSO,4-7H,0 1200 mg, Ca(H,PO,),-H,O
3000 mg, NaCl 100 mg, 1 #} Zoelite 15.447 g (Niu et al, 2013)
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i, A P55 T TARMAR BORLZETT , FHE2) 15 min,
HJ IGE R KSR AT, FRPRLAIL(F-26 11, e R LT
RIS EAR R 2.5 mm BFORIEEL, S0CHET, %€
8855 5 R AF T —20°C ok A

12 RAHxERE

S FH UR R B8 65 0 W 1 b TRk L s X AR R
FaY, AR E A A e Fh P PR R R . AR A T
M0 ARSI X 4, THPI R IR S (31.2440.58) g.
) 35 S U AE TV ¥ VAR 9 P T K 3 55 B S 3 B Hi 1)
15 ANEEAE RS AFOBAE R 4 m x 3 m x 2 m [ % sk
17, FHRT SRR TE 2SR ARDRE 2 B ) i B B i)
3% 14 do LEIFURFTER 24 h, T ORI 6865 UEFTFR
&, BN A 30 B, RARE AR
HBHE 3 A PATAR L, RN, BRI HRR 2 1K
(08:00 F1 18:00), 45 M A AR 45 46k 3175 150 1] 2% 45 R 1] e
o, PEZRBEREESAAHRE, Rk,
TESRAS A PR R BB B, nE BE A, B Rt
BioiC R B . SRR 27-33°C, pH
7.6-8.0, EhE N 20.9-25.2, HFHA>6.0 mg/L,

13 HmB&ESHH

FER LIRS 56 d, 151 24 h, 40 BIE5 4% MAE
HAONIEERSS 1 10000 YA MS-222 BRI
R IRk AL, B MIAR ALk L 5 R, 430
FRERENG, F 5 ml EHEF A RFKA B0, 1K
PRAFFE-80°CUKAS , FH I MR FE bR o 1ML IS 1) A
ST B F AR By ff ) O PO RT3 B HB I, G 5%
P A R A 2 6, PR BT R — R LA, S5 I —
A A G R AT T80 C KAl ,  FH T 2 b i it
il % Sy FOBE SR R S8R Y A AR A PR R
MK G20 CRIRIAAE, T 0 s B .

T e A e A B A D E K A SR R IR T4
B, 105 CHE T REE; A H R YLK E R E
(Kjeltec 8400, Higit); KA MR H 2 A2 (Soxtec
2050, Hit); KAk HEHY 550°C AL 12 hill g ;
AT AR T 3,5- A K IR 1 .

LR AE AR | A DRI P2 At B T6 00 52« MW R
AR A I S o I A SR R
FFE RN LRSI S5, DA S R 2 W e . At
VR T T 3 T VTl T S AR 4 FOW e e g 0% ), YR
FH B 50 AR W T AR B BT AR 1 300 A 0 5

14 HELAKXMGEIT SR

JTE 2R (Survival rate, SR, %)= K BV R
100

B ¥ (Feeding rate, FR, %/d)=#t & & /[(Z AR IK
H FBW+ W1 I A 1BW)/21/3 50 J& 1% 100

3% & (Condition factor, CF)

=k (g)x 100/ K (cm)’

14T K (Weight gain, WG, %)=(FBW-lBW)/IBWx
100

¥ 52 4 K K (Specific growth rate, SGR, %/d)=
(InFBW — InI BW)/52 5 J& 11100

JIEAA FE (Viserosomatic index, VS, %)= i 5 /{4
H <100

JFA EE (Hepatosomatic index, HSI, %)=/ & /&
H <100

KHI SPSS 19.0 HAFX B AT o pr Ak 2,
Levene's test J7 2557 MR 10 J5 R E AT B IR 7 22 40
Br, 458 P EARMERT Fox, & DEMAKF
P<0.05, N34T Tukey £ H %L,

2 #R

21 AEHERAPREEESHERK TR

& 2 JEBRORRDRE SRR BR T 65 62 1 A K 1 RE
G5, 200 56 d WYFRFE S, BRIE 5651 SRIITE 90%
DI b, SAbEIZ 2 R 22 5N B35 (P>0.05) . AR
) FR 1 CF .70 b 31 22 5 (P>0.05) o AS [RIHE 5% B
JE AR 651 FBW, WG 1 SGR A i3 5211 (P<0.05), H.
BEWE > TR THE S M4 FBW, WG
il SGR &A%, “FHMET AR 92.16 g. 196.95%F
1.94%/d, AL T HABBE IR 2H (P<0.05) Mk £ K VE
R WG Fl SGR fiermy, “FIMES N 335.35%F
2.62%/d, B3 TR T A B A E R4 (P<0.05), TS
TR VE Ky L FUBIRG 216 W 35 M 25 55 (P>0.05) . Wik &
KUEM AL FBW iy, W3 TRIZIMEAL . b
A FIRIRE 2 (P<0.05), 15 EoRTEM A TG I F M 22 5
(P>0.05) AL . WIS LR FORTERT AL 3 411 1Y WG
1 SGR TG i 3 M 2% 55 (P>0.05)

22 A[EIHETRLE DDA ER 82 YUK 4H AL

AN [ R 20 B B8 65 A 2 p i s 25 SR L 36 3. 4%
FHIRZH R VS BT HS A I 31 25 55 (P<0.05) . i % b
MY VS K, B E K TR SN AL 3 4
(P<0.05), WG, FORTVEM A AL ERIEMALZ
6] TG i EPE 2 5(P>0.05); HS IR R, W
FHRFUEHRAL(P<0.05), 1M -5 ALK 4 1 22 5
R (P>0.05) o A R B V5 X 1 JE 5 65 JF 0 J5 A )L
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&2 TREIMEIR RSO0 R 88 88 4 4K 1% BERY 2R (n=3)

Tab.2 Effects of dietary carbohydrate sources on the growth performance of T. ovatus

BEFR 2 WG AR RS LRI E BER 5 B HIE R R R &
Carbohydrate sources IBW(g) SR(%) FBW(g) FR(%/d) CF WG (%) SGR(%/d)
HZHE Glucose 31.03+0.11 98.89+1.11 92.16+£2.79* 2.86+0.10  3.54+0.09  196.95+8.55  1.94+0.05*
B Sucrose 31.35£0.21  95.56+2.94  115.63+£6.58" 2.90+0.13  3.59+0.14  268.70+19.23° 2.33+0.09"
Wk Dextrin 31.04+0.18  91.11+4.84 117.05+1.73°  2.63+0.07  3.71+£0.13  277.19+7.50%  2.37+0.04%
EKIEK Cornstarch 31.46+£0.22  100.0+0.00  127.39+2.42° 2.63+£0.06  3.51+0.03  305.10+10.47°° 2.49+0.05"
*M@.E_*ﬁ%\ 31.34+0.21 98.89+1.11  136.40+4.93°  2.6440.08  3.55+0.05  335.35+17.76° 2.62+0.07°
Gelatinized corn starch
T 2437 ANOVA
P{E (P value) 0.425 0.185 0 0.154 0.665 0 0

T [ EE EAR T BN IR R A AE 25 22 57 (P<0.05), T

Note: Values with different superscripts in the same column were significantly different (P<0.05). The same as below

&3 ANEHEIR AR XS OB R 88 82 (R 40 AL BY 52061 (n=3)

Tab.3 Effects of dietary carbohydrate sources on the body composition of T. ovatus
AUgEE 4 fi4H4> Whole-body composition (Y%wet weight)

N iR
Carbohydrate HEJZI;% HTIZ';I:K Liver glycogen gllv}llléz(g:n KAy HEHA B 5 KAy

sources (mg/g) (mg/g) Moisture Crude protein Crude lipid Ash
#ZEHE Glucose 5.59+0.10° 1.23+0.09° 31.13+0.77¢ 3.38+0.08Y 66.56+1.57 20.03£1.47 10.79+1.07 2.93+0.16
HEHE Sucrose 5.40+0.21° 0.95+0.04% 26.20+0.60> 2.89+0.06™ 64.26+2.66 23.21+0.94 10.11+1.10 2.65+0.23
HWikS Dextrin 4.66+0.14* 0.95+£0.01%° 28.42+0.79° 3.11+0.08° 66.22+2.08 19.80+2.15  9.74+0.35 2.90+0.26
FKIEW Comstarch 4.62+0.07° 0.82+0.03°  21.12+0.56°  2.38+0.06° 66.09+0.70 22.52+1.41 10.62+0.52 2.79+0.07
*Mﬁi*ﬁ%\ 4.6240.07° 0.81+0.04* 24.17+0.35° 2.69+0.03° 67.17+0.71 21.10+1.87  8.79+0.54 3.04+0.06
Gelatinized corn starch
T 2257 T ANOVA
P{H (P value) 0.001 0.006 0 0 0.806 0.520 0.426 0.588

PR S A g (P<0.05), H - F bkt HiE. IR E BEATH I = BRI B R (P<0.05) . HEHE
EiMEH I, WEE TS HAE R P< ARV MK 5= (Y 1.98 mmol/L), 2 3 = T4 4 b
0.05); JEM AR EAL, Hrp EORIEM ARG, B3 ZH AL F oK TERT4H (P<0.05), 1 SRR 4H . FoKiE
IR F HAB A 2 (P<0.05) . AN [R]AHEJE XS B IE 5 65 4= ff /K Ky 4 T i 2 M 22 5 (P>0.05), i A 4 5 00 Ak oK I
SrHUEE RIS A B S HE R (P=0.05).,  MALE L HE 25 5(P=0.05)s ATATHELL 1 i 14 M

e BV FE RS (o 8.91 mimol/L) , 5.3 5 FHIfL T Kk
23 AFIHRIR AR BREERY M A AR 21(P<0.05), Ti'5HA 3 HERARBEP>0.05); M4
P % 4 A J0, S [R)HEIE FEDRE XS B A B8 65 16 . I Hl = ek 2 A4l B 13.09 mmol/L), HAih

F 4 AEPERERREMT IR EBESMAE. M4 508 E &0 HHm =5 R0 (n=3)
Tab.4 Effects of dietary carbohydrate source on plasma glucose, total cholesterol and
triglycercide of T. ovatus (mmol/L)

RS iM% 11 2% 5 A ] e 1M 2% H 5 = e

Carbohydrate sources Plasma glucose Plasma total cholesterol Plasma triglycercide
% k¥ Glucose 1.56+0.08" 8.91+0.37° 13.09+0.13°
HEWE Sucrose 1.98+0.10° 7.88+0.25% 8.48+0.39°
WIS Dextrin 1.79£0.08% 8.21+0.43% 9.32+0.48"
T KIEH Corn starch 1.73£0.10% 7.34+0.42% 9.34+0.31°
W1k T K IEH Gelatinized corn starch 1.55+0.05° 6.99+0.36° 9.09+0.45"
J5 Z 54T ANOVA

P {H(P value) 0.023 0.030 0
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4 ASBHIR AL PR 2 0] G f 2 22 5 (P>0.05), {H & 2%
I T4 49 21 (P<0.05)

2.4 AEVETRAI RS MERLRERE S

BT 5 5 0 T A it 0% ) D e 5 SR L3R 50 TRDREAR
[R)AE 56T B TR 5 5 4 A MR GK . N R R PK
BT A HE BB PFK (436 71394 i #5201 (P<0.05),
I OB HK 36 1 152 R 3% (P>0.05) . %
WEALR GK TG Fdermr, B3 o TRIRS 4R £k Je kral
(P<0.05), TS5 REREAL . Ik FOKTE R 24 TC I 5 1k 25
5(P>0.05), PK GRS A AL e, 05 T
Ak B K TER AL (P<0.05), T -5 HoAh 3 AP 2G5
25 (P>0.05), PFK & JNEmiaidiimm, BEm
T AR IR 4L (P<0.05); WIKS ALK, 38T HAh
FEUE L (P<0.05) ; WAfk FORTEM 4153 315 R TER AL
FEEWEZH P G (1] G Bk 2 M 22 5 (P>0.05), (HREIR 2 1 2%
i T EORVE N 41(P<0.05).

3 it

3.1 A[EIHETR GR Xt BP 2 68 65 A 4K 1 BE AN H ALY

=10

TR AN [R) AR IR Fp S, fa 2R s AN ) 1 26
KRR AWESE P[RR AR DRE BB 6519 SR, FR
I CF ¥ 70 1 25 52 mal , 1A [ BRI 2 1Y) WG F1 SGR A1
MRS, HEEES TR KA TS GEE, M
L FKTER R WG Il SGR iy, B KB R, X
— 25T, BRIE SR 65 X o T R RO A
TN TR PRI A RIS BER
I a-TERY . AIRE R OK T A DR} Y 5 [ ES(Aci penser
schrencki Brandt) Ss iz b5 . 22 ZFWE AU BEAH L,
IR WG Fl SGR(Jiang et al, 2014); K& HKF
T, B LUK SR R e} Y K22 BT (Scophthal mus

maximus)4li i, H: WG FiIl SGR i 3 i T 45 B A1 A
HOTWESE, 2013); S S HAHE . WK X UER 1)
TEPEE, DS FVE By 2H 5L B 1| 65 (Pl ati chthys stellatus) ()
WG 5 T i %4 (Lee et al, 2004); 25°C/KIR T, 1%
B /NAZ TE By R DI B £11(Di centrarchus labrax) (%) SGR i
5 T B A A B A9 AL BEZH (Enes et al, 2006),
Panserat 25 (2001) M\ 5 2 47 52 Wi T S04 £ 158 T 0% 1 110
SEEL A HEN , A 2N BRAR g b 1] FH 8 26 0 S5 /N b
%, /N TR T AL MOSAR P, A i A
WG AV RN 23 A 1 BE A BTG ) 5 22— B[R] A fig 3k
B RAEE 3K — I i) 2 fi £ 1A i A b A 2 i /KT
AT 5 1B I R, AT T R B R o 3 1 D 55
(007N, A ZEXPHEFI R AR, AR RS
WAL XTI AN AR, T A2 R 05 28 4 0 B /N T X b 1)
WL, AN RE KB 1 IR B o il b Ot = il 2
SR o A A 2 A QIR 3 B HE R AR AP (K BR 4,
2014), B, AR S 02 0] 3 i PR
WAL LGS N IR AR Ak, PR T 2R RE A A R0
BRI

SR, —SEFR IR 3] TR FZ5 R . Enes 45(2010)
MIBFFEE SR o, WL TERy . WIS | 22 200 R 2
X} 423k ] (Sparus aurata)i) WG Fll SGR #4701 # 5
Wi 2R I5 5 (2009) RIBFFE o, HOARBERI XS 5 £
(Mylopharyngodon piceus)4: K fY %1 A it % ;  Shiau
(200 1)AIF5T 55,417 41 B F4.(Epinephelus malabaricus) |
FAAR TRV IR () 25 R R A o i E 25 54, [
J& P 25 1 4 11 53 (Psephurus gladius) . T il
(Oncorhynchus mykiss)Fl K i K L5 i £ (Oncorhynchus
tshawytscha) i 45 44) fii B 4 5 1 KT g 5 T 4500 &2
Z& 1) B (Hung et al, 1993; Bergot, 1979; Buhler et al,
1961), AHFFF NN, MRS B2 R A
FH 22 5 5 Sl DL BR D7 XA (B35 05 5%, 2010;

x5 AREERALIIPFESHERDTREYEE. CHRYEE. REIEHEHER REHEETE N R (n=3)
Tab.5 Effects of dietary carbohydrate source on the activities of glucokinase, hexokinase,
pyruvate kinase and phosphofructokinase in the liver of T. ovatus (U/g prot)

BERNS JERENEREMERG Glycolytic enzymes in liver
Carbohydrate sources % B GK OB HK NERFR GG PK W SRAH I PFK

% ¥ Glucose 0.97+0.03° 1.2240.13 39.1+1.35° 0.79+0.03¢
JEHE Sucrose 0.81+0.03% 1.15+0.02 34.2+1.70% 0.62+0.01°¢
WK Dextrin 0.64+0.02° 1.1240.04 32.242.78% 0.33+0.03°

E K IEK Corn starch 0.68+0.08" 1.06+0.06 31.3+1.90% 0.51+0.01°
WAL E K VEH Gelatinized corn starch 0.79+0.05% 1.11£0.01 29.6+1.83° 0.59+0.03%

J1 2258 ANOVA

P {E (P value) 0.007 0.585 0.053 0
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T 22 REE OR [RPBEUEARLRE XS DR JF BB 65 (Trachinotus ovatus)AE 1< . ARAH G . (A /K S FI0RT 4 e A i T RS 27

Wilson, 1994), %) (A fie | i 8 1A o 3 £ A iR /K
f, MWL ER 652K f, X r] BE 2 e TR AR 4
FEMERE AR . %5 AF Q0135 T IR
FOBEACT- 19 28 BAE PR RS2 SEREA QI By 52w, 235 28 &l
AN, ANEEIACET , AN [ XT R 22 SERE A B G
PR R PR, AN [R] 0 2560 A [ ER A1)
PR 2 55 1T B2 TR IR B TR 7K SF- A B S 56 fa i
T SR BT RN TR R . 754N, 5 EORTEM A
Eb, B Ak 5 K SR X B T BB 65 A i AR KRR o H
K TE R & FORTEMTE =il Pk . 208 iy,
BCETER 43 F LIRSy IR e, IBURE &, TROK
MR TToR, AT ORI, TETH AR A K TE KD
WA T Re R, PR AR A KA . X g
ff(Sparus latus) IR 7 fifi(Slurus meridionalis) (¥ iF 75
KL, WAL K TE R g B OK TE A A = R R
(CR/NG 5, 2007; fHHEEESE, 2005).

a2 0 A K R SR T R A ARG 3R 2R A
PR R, ARMREN AR —C B LT Mk
XA ERROMBAZESR . AR, AFRFEEA
DIEERES . MM SRR A LR EHZER, W
VS, HS DR . AU RS RS R, HY
T A H A I8 B B R DR AT R 2 i 2R R %) T A i
s, HA TS MR AKCEAR S, X0 A UL A% 0
Ik, PRI, A W2 0 R TR R U T e f e o
Lee Z£(2003) 78 Al IR X F-6F(Paralichthys olivaceus)
S AT 5 rp U A5 2 DL 2 SR, 4 L A D i
S TR . 2R e AR bR
o [ B S 80T A T R AR B, T LA 6 i 4L
i HS A1 VS B AR IR LK . SR, Enes 5£(2010)
MBS R & BRTORIAL TE R . RIORG |« 22 250 R 2
XoF 4 S 8 1 O D 5 B B 35 5 5 Shapawi 48(2011)
X} 5 75 fifi (Cromileptes altivelis) 9B 5% it A & B E
KVER A VE M FUIAE XL HS FT VS A 5 25
R, AS[R]faFp i A0RE R BE ) AT REAS[R], G52 i [
RSO RA Rt — AR

3.2 7[R #E R £ Ak 3ot B 2 B8 85 10 ik i 4R A0 HE B AR
Pk A

WS =225k [ a8 i T AL, &S s —
SERRBE b S W T A0 S B T AL SO R . Enes 4%
(2010)IME T 4 LA IS 6 h AV IBE L PL, HAEA
I 2 TR T WO AL T K B A L RN A 2R i O R I
MUBE KT Sh 28284 IO BIFSE 45 5 7k, 24 h B &0 2
A B 35 52 e T e I B AR B (AR b, FLIBE(E /)N
MR N WA > 2P > RS 4> 2T 4E R 4, 24 h

Ja AWK BRUR K-, £ 5 2H i MR R 5 22 AR /)N
(Lee et al, 2003), A5 IME PRV E T 24 h
) XA 7 ST, 535 TREDHRE AL OO AR VAR T S 3 v T R A R A A
RIAE EORTER ALAl, HAb IR 41 2 18] 34 TG 1 3 Pk 22
5o BEIEASTE I AL R AR BRI WAk oK TE R A
FIRAE, I b yER BEE AR N2 oA, BB R
bR it R D 5 T R AR T 20 TR Rl T A FH /K fift Ao
2 ME RN SR A RE R A AR T AR . R, AARTE AR T
PR TR T 5 i /0, X TR ) T A I A AR R S st [
K, XA R N IE BB 525 & 24 h J5 MUK P
XT38 v 1 i A

WEISHING 2] LUAAH B3k, BRI AR i A 2 2%
RATA3 0 WEBE RIS AR, TRERRA AR A B
() TR A S R o T 0 I 1 s g ke, oo,
I W i PT aE— 25 A5 B H v =R (B R SE, 2003), A%
AFF 5 Hb 5 £ 4 760 1 B 68 6% (1% it 2% R AL (7 I R S
SR e e, T AR R A 2 [ 48 O 2
o —RORUL, TEREMLSS FE R, BT KEF AR Mg
O I A7 RS SR (R 95 4%, 2009), 4 b i i, fa
AR I IBEC R, Bt A 2 s v R T s R H ik =T e
B

W 22 i i ) A2 T 0 0 A A D TR TR - B
AE LA Y — R N B, SR AR AT 2R
FEAPR LB 9 S 2R A, DRI, BRI o R 114 528 555 15 1
WK B AR VAR 06 o ASBFSE CIERH , W A G ik
fiff HK . GK. PK i PFK 7£ B[ & 5 5 JF ik op 2407 7E
AN [RPBEIE O DR R B8 65 19 HK 35 71T B E 2% % Enes
F(2010)7E 4 L BRABFFE Y, A K B DAl )
HK & 1A BEmW, FIICh HK SRR 2R
J% X R I 5 £ 1] AN [ M 5 (Enes et al, 2006) 1 5%
WARE] T —BEE R, A, BETEA M4, R
FEN DR K X 26 HK 3 ) 0 3 e ma (£ )5
4 2008).

SR, ARURHA IS R B R X B JE BB 65 1) GK.. PK
H1PFK I 13944 W50 . GK Fl PK 1 J1 34 2 i 4
FEdl e kK, HABBEIR A 2 () 22 R W3 . X 4 3k
(Enes et al, 2010). KK i fa (Enes et al, 2006)F1 41 i
(Panserat et al, 2001) M5 A 2] THRBIZGER . &5
FEQOIDF K, FEFEKFEHHR 5% 15%HT,
ASTAPHE IR T R ZEBE GK I 1 52 AN 83, 1 245 8K
ST E 28%KT, A B A R AL A GK 3 ) 2
THIREAL; PK 3G H ARG KA 15%0F, #i% 5
STV /N w4 (1 85 R RN 1 R B E (21
M2 R K, KT 5 T AN [ R X
WA 77 0975 2 850R o PRK TG 7 7R 02 4 8 41



28 woor B

%37 %

femr, HAPRRA Z B2 580K, U 6862 PFK
T 3 OB U5 R 2 L B iR . 42 ff (Rachycentron
canadum) (i BIF 75 A ALY 25 5, 44 i PFK
T T ORI AL, iR 2 RN A 2R Y
PFK 1 118K (Cui et al, 2010). 57 4b, i AK K 28%
BF, A B AR ZH i K5 6T PFK 16 It i & T
RIRG A (L5555, 2013) 0 5 MHEIR AL HP A A4 1Y GK
PK il PFK {if S84 fe iy, v B 5 1 8 260 0 DI 68 662 114
T A R i, X mT R 2 v IR ZK P AR I 305 5
A FH 51 2 P M T e s 1 M A 3R 0

4 £t

JRUAE 0 2 FBE I 8 0 AR, B BT AR 2 £
PR B 1) 38 3% oy o TR A5 (0 SRR FH 1) 52
Wi PRI 2, MEARAS 2 A ) A AR AT L AN TR U
TR B IR SR 65 0 AR K PERE . RALRL . IV TS A R
PR gt R PE A Il 5, L K TE R 4L Y WG T SGR
e, BN 335.35%F1 2.62%/d, I, BIfkEK
VEM A2 5 FIOBRIR Hh Bl 5 BRTE BR 65 46 K A MR AN S

2 £ X #

ETTF, X, R, AF. AU LM OC R BB S .

KRR, 2008, 17(3): 377-383

TRy, AZREAR, TKOCEE, S TR OR DR IR X SO A
NEZH LA 2. o I R 2 R (A SRR AR, 2009,
39(2): 221-227

AP, /NEE. SRR A A WK TR R Dy AR R B R
TKA AR, 2005, 29(4): 393-398

EOER, ERE, Rk, JEeRA k. dbat: hER L R
#t, 2003, 354

NGy, XK, HWNES, . SEIEMRL) X LR AR 0
FIH. 7KF724%, 2007, 31(4): 463471

R KT EE SR SR, duat hEgO 1 MU,
1996, 26-36

TREE, VFIAZR, B, . RN FEDREX RS B RURE s H B
FANH BN, B KTRNE, 2014, 10(1): 21-26

WO, WEH, BB & R OR [ERR S AR K A R
KRBT P RE R AQ I R R A SZ IR K7 24 4R, 2013,
37(6): 910-919

e, R ARAEE SR, hEDK, 2003(% Ti):
205-213

B, WECE, WORUZ, S ORFEREIR BB AKX R EE SRR
RIS VER . JKAEEYSAAR, 2013, 37(3): 425-433

YL, DR, K. SR R R AT R,
FE1EEL 2007(6): 19-23

BT, WRSTHE, MoTt, & HOHBERN SRR R K
e AR BAR AR A2 . S E 572 i, 2009, 21(2):

212-218

BATT, WRALHr, WHoc, S TRDRPRERT s AR KR A B
RERYRZMR. JKAAEH)~A41, 2010, 34(1): 170-176

$RT7, WRALr. RAPRERI R IR, KAEA )27, 2006,
30(5): 608-613

Bergot F. Carbohydrate in rainbow trout diets: effects of the
level and source of carbohydrate and the number of meals
on growth and body composition. Aquaculture, 1979, 18(2):
157-167

Buhler DR, Halver JE. Nutrition of salmonoid fishes: IX
Carbohydrate requirements on Chinook salmon. J Nutr, 1961,
74(31): 307-318

Cui XJ, Zhou QC, Liang HO, et al. Effects of dietary carbohydrate
sources on the growth performance and hepatic carbohydrate
metabolic enzyme activities of juvenile cobia (Rachycentron
canadum Linnaeus). Aquacul Res, 2010, 42(1): 99-107

Enes P, Panserat S, Kaushik S, et al. Rapid metabolic adaptation
in European sea bass (Dicentrarchus labrax) juveniles fed
different carbohydrate sources after heat shock stress. Comp
Biochem Phys A Mol Integr Physiol, 2006, 145(1): 73-81

Enes P, Panserat S, Kaushik S, et al. Growth performance and
metabolic utilization of diets with native and waxy maize
starch by gilthead sea bream (Sparus aurata) juveniles.
Aquaculture, 2008, 274(1): 101-108

Enes P, Peres H, Couto A, et al. Growth performance and
metabolic utilization of diets including starch, dextrin,
maltose or glucose as carbohydrate source by gilthead sea
bream (Sparus aurata) juveniles. Fish Physiol Biochem,
2010, 36(4): 903-910

Fernandez F, Miquel AG, Cérdoba M, et al. Effects of diets with
distinct protein-to-carbohydrate ratios on nutrient digestibility,
growth performance, body composition and liver intermediary
enzyme activities in gilthead sea bream (Sparus aurata L.)
fingerlings. J Exp Mar Biol Ecol, 2007, 343(1): 1-10

Hung SSO, Fynn-Aikins KF. Carbohydrate utilization and its
impact on some metabolic and histological parameters in
white sturgeon. Fish Nutrition in Practice, 1993, Paris:
INRA 61, 127-136

Jiang M, Liu W, Wen H, et al. Effect of dietary carbohydrate
sources on the growth performance, feed utilization, muscle
composition, postprandial glycemic and glycogen response
of Amur sturgeon, Acipenser schrenckii Brandt, 1869. J
Appl Ichthyol, 2014, 30(6): 1613-1619

Lee SM, Lee JH. Effect of dietary glucose, dextrin and starch on
growth and body composition of juvenile starry flounder
Platichthys stellatus. Fisheries Science (Tokyo), 2004, 70(1):
53-58

Lee SM, Kim KD, Lall SP. Utilization of glucose, maltose,
dextrin and cellulose by juvenile flounder (Paralichthys
olivaceus). Aquaculture, 2003, 221(1-4): 427-438

Lin H, Chen X, Chen S, et al. Replacement of fish meal with
fermented soybean meal in practical diets for pompano
Trachinotus ovatus. Aquacul Res, 2013, 44(1): 151-156



5 TS RIEMRIREDR X B JE 68 6% (Trachinotus ovatus)4: 4 . AARZH B . AR 7K ST 0 JHF I M 22 A0 S 0 B0l 29

Panserat S, Capilla E, Gutierrez J, et al. Glucokinase is highly

(Valenciennes). J Appl Aquacul, 2011, 23(2): 112-121

induced and glucose-6-phosphatase poorly repressed in liver Shiau SY, Lin YH. Carbohydrate utilization and its protein-

of rainbow trout (Oncorhynchus mykiss) by a single meal sparing effect in diets for grouper (Epinephelus malabaricus).

with glucose. Comp Biochem Phys B Biochem Mol Biol, Anim Sci (Penicuik, Scotland), 2001, 73(2): 299-304

2001, 128(2): 275-283 Stone DAJ. Dietary carbohydrate utilization by fish. Reviews in
Shapawi R, Mustafa S, Ng WK. Effects of dietary carbohydrate Fisheries Science, 2003, 11(4): 337-369

source and level on growth, feed utilization, and body Wilson RP. Utilization of dietary carbohydrate by fish. Aquaculture,

composition of the humpback grouper, Cromileptes altivelis 1994, 124(1-4): 67-80

(B4 )

Effect of Different Carbohydrate Sources on the Growth,
Body Composition, Plasma Biochemical I ndices and
Glycolytic EnzymeActivities of Trachinotus ovatus

DONG Lanfang'?, ZHANG Qin'", CHENG Guangping”,
XU Mingzhu', TONG Tong', XIONG Xiangying'

(1. Guangxi Institute of Oceanology, Key Laboratory of Marine Biotechnology of Guangxi, Beihai  536000;
2. College of Animal Science and Technology, Guangxi University, Nanning 530005)

Abstract In this trial, five isonitrogenous and isolipidic diets were formulated with different
carbohydrate sources at 20%, including glucose, sucrose, dextrin, corn starch, and gelatinized corn starch.
The Trachinotus ovatus with initial weight of (31.24+0.58) g were fed with each diet for 8 weeks. Then
the effects of different carbohydrate sources on a variety of biological activities were compared so to
determine the optimal carbohydrate sources. The results suggested that the carbohydrate sources with
higher molecular weight significantly increased the weight gain (WG) and the specific growth rate (SGR)
(P<0.05). The group fed with gelatinized corn starch showed the highest WG (335.35%) and SGR
(2.62%/d). The vicerosomatic index (VSl), hepatosomatic index (HS), liver glycogen content, and muscle
glycogen content of the five carbohydrate groups were significantly different (P<0.05), and those of the
glucose group were the highest. Carbohydrate sources also affected the levels of plasma glucose, total

cholesterol, and triglycercide (P<0.05). No significant difference was observed in hepatic hexokinase (HK)

activity (P>0.05). Activities of glucokinase (GK), pyruvate kinase (PK) and phosphofructokinase (PFK)
reached the highest in the glucose group (P<0.05). These results suggested that macromolecules (starch)
are better for the growth of T. ovatus than glucose, sucrose, and dextrin, thus gelatinized corn starch
should be the optimal carbohydrate source. Furthermore, carbohydrate sources may also have effects on
the glycogen synthesis, glycolipid transformation and glycolysis.

Key words Trachinotus ovatus, Carbohydrate source; Growth; Body composition; Plasma glucose;
Glycolytic enzymes
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