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PRI 20%, 15 If K KB A BE i (Epinephelus
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100x10" kgbA b, fir JE it 7 sy —7, 788 et g 72
TSR, & 2 RIS 2w F R R 0 R A AR
55 5 R B N AH 5 149 s 0 U 45 30 467 g oy
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R-T ® % AEF(GIFT, Oreochromis niloticus) N 5T
X GR, JE a4 ) 4 k) e 5 FE AR K T, TR R
B HEM, R ARSI A KRS R i
AR bR AP C AL EEEK B (Streptococcus agalactiae)
JERILRE IR, PR N TR B 1 2 B R K P
X 2 | A KRl R B2, D R SR )RR R SR
BEHEIB KR .

1 MRE5RE

1.1 I ER

LB Akt s R ke, DR E A,
JE < AR RH K S A5 D SRR, L R KN
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£ H -

1.2 A&

I8 H R T b L P R A .
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Tab. 1 Formulation and composition of the experimental diets (%)

T EDiet
> E g
Ingredient %t H#fiControl ~ carbohydrate-high
lipid
Ji% & M Casein 31.00 31.00
B X Gelatin 7.00 7.00
FAE Dextrin 32.00 42.00
= S
ﬁii?fif}/iﬁsfﬂine cellulose 16.65 0.65
K it Soybean oil 3.00 6.00
F A Corn oil 3.00 6.00
s N
ﬁfﬁfﬁ iR FIVitamin 1.00 1.00
E}; j?l )iz;jﬁVE'a*ﬂrMineral 1.00 1.00
s e .
g?ig;szrrh aélfﬁ@Monocalmum 200 200
SALHETE Choline chloride 0.25 0.25
{8 Taurine 1.00 1.00
W A#1 Zeolite powder 1.90 1.90
AL Titanium dioxide 0.20 0.20
%4343 HTProximate composition (dry matter, %)
F12E [ Crude protein 34.29 34.69
FiLfiE 17 Crude lipid 6.26 12.63
K5 Ash 4.61 4.64
T B¢ Total energy (kJ/g) 21.94 23.92
(EkIJ{/ifC fitDigestible energy 17.26 20.76
VE: Y TR B R B R A LR (/g TR W
Mdh. 5; K. S; IZIRES. 10; D-AEYIE. 0.003; BRI,

4; MR 1.5; HLEE. 200; L-4E2E R C-2-WEMRBE. 3.95; MAMR. 6.05;
o- 4 REREIRER. 50; 4E4 HK,. 4; MHEE 2R, 0.4; 4%
Ds. 160000 1U; WAL ERE ke B RFURE H T 51
o i (g/kg TRTRRH: BEIR 45, 135; LIRS, 327; MRIRIE
B 2.125; BREREE. 137; BETR &8N, 87.2; AUALEN. 43.5; SALAR.
0.15; WUERHH. 0.125; &AL, 75; SALM. 0.1; BRFRER. 0.8; &1L
i1, Jlu@ﬁﬁ%. 3, ISR AT R 2L kg

Note: Vitamin premix consists of the following ingredients
(g/kg premix): thiamine hydrochloride. 5; riboflavin. 5; calcium
pantothenate. 10; d-biotin. 0.003; pyridoxine hydrochloride. 4; folic
acid. 1.5; inositol. 200; magnesium L-vitamin C-2-phosphate.
3.95; niacin. 6.05; vitamin E acetate. 50; vitamin Kj3. 4; retinol
acetate. 0.4; vitamin Ds. 160000 IU; add microcrystalline cellulose
to 1 kg; Mineral premix consists of the following ingredients
(g/kg premix): calcium dihydrogen phosphate. 135; calcium
lactate. 327; ferrous sulfate. 2.125; magnesium sulfate. 137;
sodium dihydrogen phosphate. 87.2; sodium chloride. 43.5;
aluminium chloride. 0.15; potassium iodate. 0.125; potassium
chloride. 75; copper chloride. 0.1; manganese sulfate. 0.8; cobalt
chloride. 1; zinc sulfate. 3; add microcrystalline cellulose to 1 kg

L2 R as v k) o A5 R 6 WM & PR 3K
(8:30. 12:30F116:30), H-ic KR E. FR5E K
BARFFIE(30£0.5)C, ¥ >S5 mg/L, A <0.5 mg/L,
pHN6.5—7.3, WAHR £:<0.1 mg/L. RI&HA R T
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FMES A . A HR. ERFE2HE G,
FRURUEE S0 . 45 SRR I, 156 f 0] ot FEZRDRL R g
BRITHFNTS.67%, Xt k& ek R R R
WLTH 2 N86.77%

AR R R HE AR T:

RE R R ML F(ADCe, %)=100%[ 1—(N/Ny)x
(My/My)]
K, MO R ARIC ) & (%), M FEE Fhrid
W5 & (%), Ng A RE 7 75 B2 5 5 (%), NeA
FEE HE TR B (%)
1.4 R FEEE

K22 A IR W, W E 2R AR A B %
JFEFI2 BRI o AR Ee ek R A 1.1 R 1 ()
28l . DRI HEARDRL, 1S mingR WA & 1 i
VERIE S BT, W E MK I Re &N IR
FERIKE R 1.245, DAL TIREE A B o 2 b il e 1
ReERUMHEASE R, B HEHNRRE.
51 A R R T R A S R

M §(DFR, g)=axmx(100-M_,)xADC/ADC,/
(100-M,,)
o, a AR I 4 R 801880012, moAi iR
15minZ WL £ 6} B DR (), MM, 533 bt B
0N = B R TR K 23 (%), ADC RTADC, % &
DAk v R v i A ) e AR T AL (%)

I B SR AR . RS B ST 1720 R IR F, i
NI EME K IR R G R 1240 00 (B U450 L)
o, BEARA.60 2, Wl A SN (14.59+£0.06) g. 47
Sl AT 2 A ) B v v T TRDRE, I R 2 e
KB FR, Fe 0 aa, B G R ZH Fa s+ 1E 45
WK S A C A, $ PR o B8 28 ARl + e A5 M KT
DCHH, 595 o e AR IRl R+ 1E 3 45 M KSF [ HCL A,
DA S 4% M s B s I DR+ s MK P I DHC LA &
B3N TAT, B RIEMEIIK, T HME KT 2H P
(B 2E K 52 30min. FLARFEI13TREE .
1.5 HRRERENGE

IG5 24 JE B, B HH40d . TEREA S
SERR, ATE R 1 25 fr24h, RIFE(MS-222, 100 mg/
L)), SRR 6t HEAT i SO R AR, 5
RS I RO E AR KR, AR S TR
EIFE AR R . R AL 3R, W& AR KA
R, AT oH B EE; B S T R ik, 3
0.5 mLJBCT HF 2 AT B e v, A1 00 iy 20 3 2
FaFF, TR I MBTIN2 mLE 205 B0, 4°Ck
FE A E 2h, LA3000 r/min [543 200 1 5min, 15 5]
2 JE LI, ARAT T—20°C UK, -0 5 i is A1k
ETRE= R A g =R il ()= s o S =977

WK, TSR, IFiE e gk, e
HOES LGS 8 R 7 26 BA B, -0 5 o 0 R 4 o
A 3R, U REA Y BE, JFOR AR . P9 A
A2 YA £, T R A -

JETHRITE A T BURE 5, A BE AL B B0
302, FT 1T A0RE6 . (B2, 76 1T 97 5
RIGHEAT 22 A B, AR R 5 8000 fa ki, i
BAE KAV A e X CAMER S0t DR, R
HRREE G, AR AR PR E A, A O/ S AR
6 #1172, 55357 DAL B 1 11 P 4E

K B4 T80 5 7K 43 & & (GB/T 5009.3-
2003). HIL % e B2 FH 2 1 5T & (GB/T 5009.5-
2003). 2 M FEIZ I 5 K M W % /2 (GB/T 5009.6-
2003) FIH) e PR =L 5E AK 53 7 5 (GB/T 5009.4-
2003). RERE M Al F = HY (SDACMA4000, ¥ F
ZHERM A IR A R E . ARk RS E o AR
AL I 5E 22 8 Richter&s "™, Iy o i 21400 A
11 £ i 5 R P A L b, T4 R R T VDR
Qb vk I sz, i 40 9 b 2% K B 3 00 VR e
(2000 xg, 10min), ML AL TR R4 H 3 A4 BT A
(CHEMIX-800, HAA 3% k)l e .
TE DU TR AR FH w0 e, T R T AR
AW AR TR, F IR AL B A . AR %%
fabr A X R

1 5 R (WGR, %)=(W~W,)/W;x100

¥ 2 A K (SGR, %/d)y=(InW—InW;)/tx100

TR (FEY=(We—WA W)W,

JR 35 % (SR, %)=Ng/N;x100

HEH B (CF, g/em)=W/L’ %100

A B (HSD=W,,/ W% 100

JRE A4 L (VSD=W,/ W% 100

A Ee (ISTy=L;/L* 100

R R (PRE, %)=[ W, W,—(We—Wy+
W)X F,]x100/(W, < W,)

o, BRI R E(d), Wk w53 il 3
RIS H V] KIEE(L), Wes WHRIW 5 3 N5
JERARIE ] R AR E FSE T ik E (g), Wh
AR (), LA HARK: (cm), NpFIN, 2 B 4 & #1145
WG MTT AR 0 ) R EG W, W RIL Gy 70 8 R
(2)« WNERIE () 7B K B (cm), W, WAl Fpsy
SRR S HE (). TR R A S (%) M4
R AR (%)

1.6 XHFRAEW

FEEEFAM T AR AL 45 s, S LA 102,
AT T FLEEEKR TR (S. agalactiae) W FE 5. HRiEZ
R, MM 75 42 16 5320, 1 mL (1.0x10° cfw/
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mL) JE SR AR R . I 2405 TR AR IE B TR,
Heit7d. BoEE AR, CSR AT A RE, HFEUKIAE
T PR E, BEAT RIZR RS 9%, 3t — D e & 5 NTE
WG I AE T . TCRE A N
17 HUEQIE

B 08 R - S AR i iR R o~ . SPSS
22,054 3R B B b 3 AT Ge it oM. H Levene
TRIEAT 7 ZE SR ARG, 7 AR, BT R IE 5%
O B (1) B e o X6 )R} R 22 %55 R AN 43 R /K S 3t
1T XK 2 7 250 M (Two-way ANOVA), #5624 K]
TR A BAE A o 24 3 R 2 i EAR A R
FH B R 505 2293 #T (One-way ANOVA) H1S-N-KiZ:
06 3 B 4L IR) () 22 5 . BT 20 BT BLP<0.05 4 2

L AT
2 #£ER

21 HEAKMREFNERF B

HE 20 W, EFRFE A A T AR 45 s, ik
U6 0 (1) S R I 1 T 95%, IR 52 B ikl At B
A K52 (P>0.05) . WK R T ZE 0K
B, TR} BE 55 B A KT R B 1 AR KM B
AR LR G i 35 22 BAE H (P>0.05); 7RI P,
AR BB} BE B 2 R R M 08 A 1 A K PR RE R 1

BRI 2% (P>0.05), {E AR} 5 M K 55 35 52 i
6 8 ff) R 44 B (P<0.05) . S-N-KiER 56 K BI, 76 )
WL, AR R R %, MR Ko AR
i T ARIR A AR E . 3 B R AR AR K 3R (P<0.05);
FERJHIL, DCHAMBEBERIMAE R EZMTCAH
(P<0.05).
2.2 FARIRER

B 3] 0L, PR 28 7 22 40 i R B, 7R R 56
P, LG P55 A 52 TR} e 4 B MK P B s e (P>
0.05). TEFHA T, X m R % Bk Ry 1 e
(I AA L (P<0.05); FT 2, 75 A 11, 356 1) i i
b AR B[R] B 52 3 D) e % B R4S MR OK ST 1Y
SZIA(P<0.05), T 156 F 1) JHF 4 bb 32 B MR KT 1
SR (P<0.05). S-N-KyZAS 40 &, 7E/A 1 1, DH-
CLA I 4 L 2. 2% 7 F CRIDC 4. (P<0.05), H 5
HCLAL ) 2 5 A K 2 (P>0.05); fEAHI 1T, DC4IR
o 1 1) fizp A BU B, R 3 i T CALMTHC LA (P<
0.05); DHCLZH ) JIf 44 Lo AT 4 b de i, LB 3%
T CAFHCLAH.(P<0.05).
23 RS

TERIH T (3R 4), R K7 Z 5 kI, Tkl RE
R AT IR AR A, BEE. K
JIE AR IL P B B 77 Aoy 7 AR R 3 A2 BARE

2 ARGEE R EAIRIRKE XL & 4 KFRRR B RS
Tab. 2 Effects of dietary energy density and feed ration on grow performance and feed utilization of GIFT (n=3)

2H 5 Group XA 25 J5 2 5 M Two way ANOVA
FebrIndex e BURE o
C DC HCL DHCL Energy Feed ﬁtfaﬁfn
density ration
JEH T WIUE - 14.7740.05 14.51+0.14 14.66+0.09 14.43+0.07
Period I  W;(g)
KPR EW,  40.84+120°  46.39+0.99°  40.64+1.94°  47.82+1.19° 0.597 0.000 0.490
(2
JHIE SR (%) 98.99+1.11 96.67+3.33 96.11+0.56 95.56+1.11 0.327 0.477 0.667
FrEAKE 3.39+0.10" 3.87+0.10° 3.40£0.11° 3.99+0.08" 0.533 0.001 0.595
SGR (%/d)
WERWGR (%) 176.56+8.22"  219.98+9.38°  177.4349.36"  231.49+8.05° 0.500 0.001 0.561
TR MR FE 1.0240.03 1.010.05 1.02+0.06 1.08+0.05 0.529 0.594 0.436
BHRUIE  49.49+1.16 49.27+3.04 49.80+3.21 51.53+1.42 0.605 0.760 0.695
PRE (%)
JEAIA I WILGFI9RE  62.41+0.73° 73.25+0.51 62.57+0.62" 73.29+1.43° 0.916 0.000 0.949
Period II  Wi(g)
KEHMEEW,  121.10+1.82°  141.68+2.19°  121.1243.37°  135.2142.12° 0.224 0.000 0.221
(e
ISR (%) 100 100 100 100
FrEAKE 1.66+0.02 1.65+0.04 1.65+0.08 1.53+0.09 0.971 0.479 0.893
SGR (%)
WERWGR (%) 84.95+£5.36 90.88+6.16 93.39+6.77  104.46+6.49 0.372 0.364 0.427
TR R FE 0.80+0.02 0.78+0.03 0.8140.05 0.77+0.04 0.397 0.372 0.433
B A RUTRER 35.97+3.04° 27.78+0.38" 34.79£1.03°  31.87+1.74% 0.523 0.034 0.261
PRE (%)

T FAE P AT P EARAN R FROR 22 53 1B 34 (P<0.05); T[]

Note: The mean values in the same row with different letters are significantly different (P<0.05). The same applies below
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(P>0.05). W]/, A% AR 51 2 2 N Ik
Gt IR AR 7 7K1 1 52 3 7 (P<0.05), 7K
B I 3 PR AR (P<0.05), T Ht 51 T & W IE
At HIR 43 AR ) 7K 2345 1 1) S 3 98D (P<0.05);
T e 15 M 7K PN 3 BT U B 7 K P T 783 (P<0.05)
S-N-KiEf 58 & I, 7E 25 M4 f 1 R, HCLY
DHCLAL 7K 53 B Z A& T HAR241(P<0.05), HLIEH7
B A 2 ; DHCLA K 7 7 it i E K T DC A1)
(P<0.05). 7E N IE B s, AU K SIHCL S DH-
CLAH FIRL G W7 & & 835 v T HoAth 2 4H.(P<0.05)
TEFARA T (3R 5), WUH 27 250 W &I, Tkl g

L RN MRS T AR P s A R
HAEH(P<0.05); = 8 &% FE i RHE N 51k 22 4 i
At NAERIIK S & AR (P<0.05), S3E N
JUE 4 £ R AT UL PR KR 5 = 1 (P<0.05),
A3 R T WL R & A& B (P<0.05); T i FE I
KB T % T4 7K 735 & R B (P<0.05),
ZAE A R PN VR PR A R 7 S &
THE(P<0.05). S-N-KyEkw i K, 752 A fIE 4 i
W, CAHMIKD & & EE S T HAMA(P<0.05), M
DHCLA HI7K 73 7 & i ER T H A 41 (P<0.05), ##%
e W e M TR I 2 4ERE i s A A S e TR R

R3 AREEEEEFRIRK TN & AR R0
Tab. 3 Effects of dietary energy density and feed ration on physical parameters of GIFT (n=3)

e #0531 Group KR 2 7 2 5 HTTwo way ANOVA

) G 2L gk iy il ST 2
frininder ¢ DC DHCL EnFeJ?; ?er)l;ity F%e%‘zr]iifn I;Lte}rzaﬁi)fn
JEAIA T 7R AAY 741031  8.40+0.47  7.54+029  7.69+0.40 0.461 0.165 0.299
Period 1 L CF (gfem’) 3432001 3.5140.05  3.58£0.08  3.58+0.08 0.105 0.520 0.530
BEAAR LE VST 9.49+0.40"  9.66+0.16" 10.14+0.19™ 10.89+0.08" 0.004 0.092 0.258
IR INENZAY 1.94£021  1.84+£0.03  1.84+0.25  1.86+0.03 0.815 0.801 0.711
SRR 7L NEAAYA 7.89+026" 9.60£0.21°  7.91+0.43" 820+027" 0.038 0.029 0.100
Period 1 NEPECE (gem’) 4.34+0.11 4304025  4.4440.13  4.38+0.13 0.937 0.752 0.964
JifAs b VST 10.33+0.19° 13.6840.14° 12.05+0.35" 15.08+0.26" 0.000 0.000 0.543
JHAA Lk HST 1.80+0.18"  3.69+0.09° 2.46+0.30° 3.95+0.37 0.112 0.000 0.471

Fz4 ANBEEZFEARRKET R RE A ARSI (1=3, %;2E)
de

Tab.4 Effects of dietary energy

nsity and feed ration on body composition of GIFT in period [ (n=3, % wet weight)

#2053 Group KUK 2 5 2 M Two way ANOVA
fibsIndex o e pHCL L MEmEE  BORE XA
Energy density  Feed ration Interaction
EWAE4f K4rMoisture 72.36£0.19° 72.12+0.50° 70.06+0.28" 70.33+0.22° 0.000 0.963 0.438
\Elﬁf)fev}f;frated*ﬁﬁ‘éﬁﬁcmde lipid 6.62+0.35" 6.44+0.54° 8.43£0.32° 8.66+0.10" 0.001 0.956 0.583
H1% (A Crude 16.24+0.14  16.40£0.15 16.56£0.25 16.35+0.38 0.596 0.932 0.476
protein
K%Y Ash 43540.11° 4.53+0.17°  4.14+0.11° 3.98+0.07" 0.014 0.907 0.199
BT ELiver
7K > Moisture 68.70+0.70  68.61+0.53 66.79+0.58  65.82+0.78 0.009 0.459 0.531
FLJE W7 Crude lipid  9.98+0.91  13.74+0.07 11.94+0.37  13.47+1.40 0.351 0.015 0.229
¥ A Crude 12.93£0.47 12.76£0.70 11.78+0.83 12.13+0.36 0.191 0.886 0.684
protein
)i 7K %> Moisture 7426+1.88 74.17£2.71 68.07£2.54 66.05+2.41 0.018 0.673 0.700
Visceral e .. a a b b
mass* ¥ 607 Crude lipid  8.87+0.06°  9.08+0.50" 17.82+1.57° 19.84+1.88 0.000 0.398 0.493
#%E A Crude 8.36+0.17 8.28+035  8.08+0.21  8.56+0.30 0.999 0.471 0.320
protein
WL AIMuscle
KMoisture  77.66£0.31  77.09+0.45 77.05+0.32  76.69+0.59 0.277 0.322 0.814
F g Crude lipid  0.94£0.10  1.06+0.31  1.13+0.11  1.19+0.18 0.501 0.597 0.818
HE A Crude 17.48£0.20 17.72+0.21 18.20+0.69 18.44+0.51 0.154 0.620 0.999
protein

TN A& RE; R T

Note: *Visceral masses do not contain the liver. The same applied below
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HEZH 19 (P<0.05); 7E I+, DHCLALAH i 197 2 &
F T HAB3ZLL(P<0.05); 76 NI B, BEA mkl e
JE TR R B 2 20 K 43 B B T SR T R e R
(P<0.05), DCZH FDHCLA FIRL AR I & & B3 s T
HAh24H(P<0.05); fEALA A, CAHRHLIE T & & &
FHART HAhZH(P<0.05), HCLZLAMDHCLAZ. [ HL 2&
H &85 E S T HA24(P<0.05).
24 [MiRFIRFR
FH e 6n] L, 78GRI A 10 I A BR HR A b, XA
BT 2 M R, R BE B B AN KSR
W TG 1) A 4 e T 2(WBC) A 835 A8 BLAE
F(P<0.05); 1Ak} BE 5 25 5 Bl 4% PRK P 5 B H T 4K
1 ) 40 A e A (HCT) AR 56 & 19 1T O WBCH
B BRI (P<0.05) . S-N-KiER 36 AV & B, J& 3
%5

II DHCLA WBC & Z K T H A3 41(P<0.05).

FHEE 7RI 0L, A T AR50 i Iy A Fe b o,
WU 27 22 50 B IR, DRk B B 2 A MR K S %
FLIR W Al (LD) A 235 22 HAEF(P<0.05). =g
R DL B N 3 R 96 L 1 IV AR Tl R
(ALP) AL 1R fii S B (LD) 3% 1, K H il =& (TGK)
T ETE(P<0.05); T = 5K A iE LD 1
TGKAMLFE(GLU) & & F+ 51 (P<0.05). S-N-KikEA
3 KRB, CHLIMTE LD & K T H A 34H.(P<0.05),
DHCLA MiE I TGK & & 5 DCA K % 7 A i 3%
(P>0.05), {H\2.3 = T HAth 220 (P<0.05).

FH ST UL, JE 3 11560 ) Iy A Ak Fe b,
28 RUH 27 22 40 Mt R B, VDR BE B FE R MK S
XTI I E I LDE PRI (8 (1 (ALB) & 2 6 12

AR e W B AR IR X3 I HA 1136 & AR Bl 43 OS2 (=3, %I R &)

Tab. 5 Effects of dietary energy density and feed ration on body composition of GIFT in period I (n=3, % wet weight)

2H 5 Group MUK 25 2 43 B Two way ANOVA
o ReE . .
fitbsindex C DC HCL DHCL Hl;ﬁirg}{; Fjﬁ%iuilfon I?lctgaﬁi)fn
ensity
L4t K4 Moisture 69.04+0.20° 67.69+0.55" 67.96+0.09° 66.13+0.19" 0.003 0.001 0.469
g&zcerated FAEWiCrude lipid ~ 8.64+0.16"  9.99+0.18" 11.49+0.24° 12.00-+0.40" 0.000 0.008 0.148
whole fish FH/5 [ Crude protein 17.5540.35 16.69+0.58 16.77+0.21 16.72+0.46 0.461 0.314 0.366
K4y Ash 457+0.09  431£0.01  4.63£0.09  4.58+0.21 0.317 0.244 0.411
AT H¥Liver
7K 4¥Moisture 69.36+2.92 67.47+0.70 64.78+0.02 65.02+1.26 0.228 0.626 0.531
FLg i Crude lipid ~ 13.97+0.27a 15.11£0.26a 14.93+0.57a 18.51+0.13b 0.000 0.000 0.008
FH 2 FICrude protein 14.84+0.68 13.94+0.89 13.26£0.78 11.78+0.70 0.107 0.159 0.717
P 7K 4> Moisture 65.75+4.43" 67.54+2.54" 47.04+3.12° 43.36+2.87 0.001 0.783 0.434
le;iral FLAGHiCrude lipid ~ 19.05£0.64° 25.11£1.55" 20.36+0.17" 27.64+1.24" 0.131 0.000 0.606
F7E (I Crude protein  6.99+0.43  6.26+023  5.32+038  5.78+0.45 0.071 0.730 0.157
LA Muscle
K4 Moisture 77.38£0.37 77.13£0.27 76.87+0.27 76.20+0.15 0.077 0.139 0.468
FAEMiCrude lipid ~ 0.77+0.18°  1.63+0.15" 1.40+0.07° 1.82+0.07° 0.013 0.001 0.126
L85 F1Crude protein 18.46+0.35° 18.210.05" 19.73+0.37° 20.66+0.40" 0.002 0.327 0.106
F 6 ARBEEHEFIEIRK XTI B M iR A IR R AR 220
Tab. 6 Effects of dietary energy density and feed ration on blood physiological indices of GIFT (n=3)
2H 5 Group WUF F T7 % 53 B Two way ANOVA
L <ol St L‘E‘ETME - = .
Fibrindex C DC HCL DHCL H%ir.gyx Feﬁ%ﬁ%on Iﬁiﬁiﬁn
ensity
JEH T ML EHB (g/L)  187.33£18.67 236.67+5.46 231.33x8.11 230.67+3.71 0.114 0.209 0.558
Period T Ly BRBC (x10™)  14.0043.94 151124167 19.0562.82  14.8241.56 0.401 0.129 0.627
I MIAWBC (x10") 23.5042.02  14.33+1.45 22.50+3.33 19.33+12.11  0.763 0.426 0.189
MAAMLAHCT (%) 37.5640.49  39.89+0.98  46.0242.33  47.2243.50 0.007 0.012 0.058
GERI MZEAHB (L) 179.67+£13.72 188.33+13.86 182.67+5.46 180.33+2.03 0.927 0.764 0.604
Period 1l " 12
TYMBRBC (x107) 14.38+41.23  11.2743.50 11.43+0.80 17.35+1.85 0.215 0.526 0.065
FIYHEEWBC (x10') 51.0044.36° 42.67+5.83° 49.00+0.76° 16.50+1.76" 0.006 0.001 0.012
MAUM L AHCT (%)  38.2622.51  32.16£0.38  38.09+4.44  31.12+1.30 0.374 0.217 0.361
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# W2 HAF FH(P<0.05); i BE &% B BHE N 18 B
I LI ALPHILDIEPE, TGK. JH[EEE(TCHO).
ALBHIGLU & & TH7(P<0.05); &t B 5% /K it
LD M, TGK & & T+ 5 (P<0.05). S-N-KiZ 5%
RIR, CHLI IMIE LD P 2 2K T HAh 2H.(P<0.05),
MDHCLAMIMETGK S B R & T Hi A
(P<0.05); CHAMDCH K MIEFTCHO & & & E K T
HCLAMDHCLZH.(P<0.05); DC4H [f I35 ALB 2 & fxt
%, 2 ZFK T CHMDHCL4.(P<0.05); MDHCL4
GLU % & &, o35 = T CAADCHL(P<0.05).

FH e om] L, 78GRI 4 10 I L Ak R Ar , X
DRI 28 5 22 0 A B, A ) e 4 P N5 MR 7K S %)

W T AR 0 1 1 375 8 SR A 5 AL B (SOD) s 1, J¢
JE A TT 035 45 e H ki S AL Y (G SH-Px) 3 14
AR PLEAEE N(TAOC)EH & # 132 HAE
(P<0.05); = e 5 25 5 1 b B N B A 3 T 350 £
) 11 37 3 4E AL A B (CAT) MG SH-Px 3% P B A
(P<0.05), AW 1 L3E N B (MDA) & & 7+ &
(P<0.05); = fo} 5 M /K ~F it Bl S8 0 10 1) i 3
MDA % & T+ (P<0.05). S-N-KikA6 56 K& i, 781k
R T, CHMDCAHICATIE M B 3% = THCLM
DHCLZH [f1(P<0.05), 1 CZH ({1 GSH-Px i 1 & 2 7
FHAh32H(P<0.05); £ 1T, CAH M MDA S
B E T HAR34H.(P<0.05).

R7 AREEEREMRIRATEX AR 1X1E & miRE iR
Tab. 7 Effects of dietary energy density and feed ration on blood biochemical indices of GIFT in period [ (n=3)

. 2H 5 Group XUEE T5 Z 53 HTTwo way ANOVA
2 P =R L v

Jiindex C DC HCL DHCL Enﬁe;gi; ?e):lgsity Fjgiufa%on I;Ltgaﬁliiﬁan
B AST (U/L) 170.33+5.55 161.33+2.33  171.00£10.79 179.33+6.06 0.212 0.963 0.243
BHNFEARALT (U/L) 54.67+4.10  54.00+4.36  57.00£4.36  58.67+3.92 0.428 0.908 0.788
Tl IR B IR BB ALP (U/L) 30.33+1.45  34.00£1.53  42.00+3.51  41.67+3.84 0.009 0.569 0.497
LR A BELD (U/L) 7.00£1.53"  14.67£1.33" 17.33£0.33" 17.00£1.00° 0.001 0.012 0.008
H il =B TGK (mmol/L) 4.03+0.24" 5443035 4.82+0.08°  5.77+0.10° 0.036 0.001 0.330
JIHE B TCHO (mmol/L) 4624024  5.17£0.34 4924032  5.55+0.03 0.238 0.056 0.889
ﬁig?ﬁfﬁﬁ%@ 1.33£0.09  1.40+£0.09  1.43+0.18  1.55+0.05 0.306 0.403 0.850
ﬁfﬁﬁ% FIEE B LDLC 0.58+0.06  1.16£0.37  0.91£0.09  1.15+0.07 0.431 0.068 0.414
&M ALB (g/L) 10.33£0.33  10.33+0.33  10.00+0.58  11.00+0.58 0.733 0.209 0.558
MEATP (g/L) 40.33+1.20  41.67+0.33  38.00£3.21  39.50+1.23 0.291 0.129 0.627
PEZZBUN (mmol/L) 0.56£0.04  0.68+0.04  0.69+0.07  0.53+0.07 0.887 0.426 0.189
M HEGLU (mmol/L) 7.84+0.87  8.11+049  7.44+0.78  8.57+0.22 0.968 0.012 0.058

8 AREEE R E R IRK X B ER 1R & M E £ (L ieFRrS2 0
Tab. 8 Effects of dietary energy density and feed ration on serum biochemical indices of GIFT in period II (n=3)
. 2H 3 Group XK T5 % 55 BT Two way ANOVA
=1 P = —x
Jilindex C DC HCL DHCL Enzit?; ?eiity Feﬁ%a?on I;Ltga{c/fi)fn

BHEAREAST (U/L) 76.67£11.62 102.67+4.67  94.00£5.03  93.33+2.40 0.132 0.102 0.088
BHFEEEALT (U/L) 59.3346.96  51.0045.20  42.67+521  44.00+5.77 0.239 0.565 0.431
TRl 1t B BR BB ALP (U/L) 26.67+3.71  27.33+2.40  36.00£6.00  43.33+1.33 0.043 0.322 0.404
FLIE I A LD (U/L) 212.00£14.47" 452.00£26.86° 428.00+41.00° 455.33+26.39" 0.001 0.002 0.006
Hil =EETGK (mmol/L) 2.91+0.49" 4.65+0.22" 5.49+0.39" 6.76+0.04° 0.000 0.002 0.498
AHERLTCHO (mmol/L)  5.03£0.20"  5.50+£0.23"  8.12+1.01°  7.73x0.62° 0.016 0.950 0.500
ﬁ‘g{%gfﬁﬁﬁ%@ 2.71+0.19 2.39+0.17 2.32+0.17 2.58+0.17 0.429 0.855 0.136
ﬁ%g’fﬁ%‘f? el 2.60+0.18 2.86+0.24 3.37£0.25 3.67+0.28 0.052 0.276 0.926
FI2 FIALB (g/L) 12.67£0.67°  10.00£0.00°  11.33+0.67"  12.67+0.67" 0.032 0.282 0.009
MEATP (g/L) 54.67£2.40  52.00+6.43  56.67£3.71  63.33+1.33 0.288 0.627 0.272
JRZZBUN (mmol/L) 1.76+0.17 1.47+0.14 2.03+0.17 1.78+0.08 0.125 0.094 0.890
IMAEGLU (mmol/L) 415£0.50"  4.38+0.09°  5.95:0.41°  6.91+0.63 0.008 0.225 0.445
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Tab.9 Effects of dietary energy density and feed ration on serum antioxidant indices of GIFT (n=3)

245 Group

WK 2T 2 53 i Two way ANOVA

FEFrIndex

[S=N=Nr7d =N o
C DC HCL DHCL Enzl;; ?eny;ity Fjiiulr?afon I;Ltgaﬁi)fn
AT SOD (U/mL) 47.93£0.95  51.81£7.92 4491475  55.08+4.41 0.981 0.053 0.048
Period 1 CAT (U/mL) 148.43422.48" 156.87+6.48"  84.01+5.49°  51.91+14.78" 0.000 0.364 0.652
GSH-Px (U/mL)  6.95£0.87°  3.27£0.65°  3.45+0.68"  2.76£0.43" 0.018 0.440 0.802
JARI SOD (U/mL) 4738+5.14  41.43£136 4632+586  43.76+4.51 0.795 0.377 0.720
Period Il GSH-Px (U/mL) 18.89+4.60  11.91£0.83  15.62+0.49  26.32+4.33 0.065 0.608 0.026
CAT (U/mL) 22.76+1.49  20.83+2.47  26.12+£3.53  18.86+2.61 0.315 0.118 0.339
TAOC (U/mL) 6.49£0.84  3.5120.54  3.99+0.73  4.80+0.68 0.073 0.163 0.028
MDA (nmol/mL)  9.37+1.24" 18.19£1.28" 14.94+1.00° 18.66+1.59" 0.003 0.001 0.084

VE: SOD. #BENM B ALES; CAT. A ALERET; GSH-Px. &t H ML E AL Y; TAOC. B HiELAE f1; MDA, TH —E&; FA%H F4T

FIIEERRA AR 2 5 9. 35 (P<0.05)

Note: SOD. superoxide dismutase; CAT. catalase; GSH-Px. glutathione peroxidase; TAOC. Total antioxidant capacity; MDA.
malondialdehyde. The mean values in the same row with different letters are significantly different (P<0.05)
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Fig. 1 Cumulative survival percentage of GIFT challenged by S.
agalactiae
A S T R E T4 R, B, R T 45 R 5 BORe 45 3 1R — I
8] R B[R ING B R OR 7 e B3 (P<0.05)
A. challenge results after period I ; B. challenge results after
period II. Different lowercase letters at the same time point
indicate significant differences (P<0.05)
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EFFECTS OF DIETARY ENERGY DENSITY AND FEED RATION ON GROWTH
AND HEALTH IN GENETICALLY IMPROVED FARMED TILAPIA,
OREOCHROMIS NILOTICUS

LIU Wei, JIANG Ming, WU Fan, TIAN Juan, LU Xing, YU Li-Juan and WEN Hua

(Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs, Yangtze River Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China)

Abstract: To investigate the effects of dietary energy density (DED) and dietary feed ration (DFR) on fish growth and
health, a 2x2 factorial experiment was designed, including 2 DED (control diet and high carbohydrate and fat diet) and
2 DFR (1 and 1.2 times energy level of fish fed to control diet apparent satiation). To evaluate the effects of DED and
DFR on growth performance, feed utilization, body composition, hematological indices and resistant to Streptococcus
agalactiae infection of genetically improved farmed tilapia, Oreochromis niloticus (14.59+0.06) g, the study set 40d as
a cycle for 2 cycles (period I and IT). The results showed that DED and DFR did not affect the feed efficiency
(P>0.05), and DED did not affect the fish growth performance (P>0.05). High DFR improved the final mean weight
(P<0.05), but reduced protein retention during period II (P<0.05). DED and DFR had no impact on the conditional
factor (P>0.05); in period I, high DED only induced the viscerasomatic index (£<0.05), but in period I, DED and
DFR had significant effects on intestinal-somatic index and viscerasomatic index (P<0.05). High DED increased crude
lipid content in the eviscerated whole fish and visceral mass (P<0.05); in period I, high DFR enhanced crude lipid
content in the liver (P<0.05), and in period II, high DED and DFR induced crude lipid content in the eviscerated whole
fish, liver, and muscle (P<0.05). High DED and DFR increased in the serum triglycerides and malondialdehyde content
(P<0.05), and hematocrit in period I (P<0.05), but it decreased the white cell count in period II (P<0.05); high DED
increased the serum alkaline phosphatase activity, and serum cholesterol (period II) (P<0.05), but decreased the
catalase and glutathione peroxidase activity (period ) (P<0.05); high DFR increased the serum glucose levels
(P<0.05). After infection with S. Agalactiae, DED and DFR did not affect the survival rate in period 1 (P>0.05);
however, high DFR decreased the survival rate in period II (P<0.05). In conclusion, these results suggested that high
DFR could improve the growth rate of tilapia, increase the fat deposition and reduce the health level of fish, and DED is
more prone to fat deposition to impact fish health.

Key words: Dictary energy density; Feeding ration; Tilapia; Growth; Body composition; Hematology; Disease
resistance
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