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RHH(1.73%., 3.71%. 5.69%. 7.67%. 9.64%F1 16.55%), HHKE 3N HEE, BIEE 35FE, 5 1 4 518
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fail, W3R 90d R E ALK . HRRR . B IR RN LR K w A AR . S5 oR, FEE R
WiKE v, W ERAGEEARKRER— A% LFE T B P<0.05), EAFRICRE S EH bR
(P<0.01), FHAL R B 2 Hh T B (P<0.01) 38 8 e 5 R AR i /K -1 ik 23X mE 430 s, & & PR f
FAS A e G TR A R B A W KTy 9.34% o Gl U 7K ST Xof KL B 11 92 LI Ak 25 A ARDEL T4 5T SR AT £k
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1.73%H I3 P 1 A BR L2 B 25 T L 2 (P<0.05), [l 25 1R1RH RS 7 /K S i 32 w25, EL T 52 116 e 5 R ik
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Jig 7 b B O TR S O 2% T TN IR TR N
10%, LiFmIICRHY LK FEE, E—FM AR
BT R a0 G20 R A K
P falknm . R MR . seEREE!, B
BN H E AN R B SR A, R P AR
JUAERIAIE & R B — 5 &R, 0 B 22T 5 A
HEAGEA 37.6% M-SR S S H S Y kM
WA B AT, (AT S B AR Xy g i
5 E T R AR WLRGE, AR RGE RS B R
(Oreochromis niloticus)® F1 % Jg¢ % | ft1.(Oreochromis
niloticus @ x0. aureusd) I N Wi T K 43518 10%
12%. A ith, AR I W 58RI i 7K~ X035 & 2 R
Ay PERE L ARDRER LI 2% K il v A A AR AR S
BTE N & S AR ARG R AR D A 3 SR
WFFE IR B 5 A TR R SR A S 51K

1 HESHE

1.1 KA
B 2k B A E K PR RR2E R B IR K ML BF 5T

R A S [ — LR fa Y, 4l 5% Eh K TH
Ba, PFREH . YMLE R G, SRR IC O
630 M P e g fh, ¥E 5 (2.63+0.16) g, 1
PIARK N (4.360.11) cm, FEHLAECE] 18 AS/K A,
TAKERE 35 R, SREH 18 MNKIGAEHEHL N 6
AN, BARE 3 AEE, SRS
AR ER AL, SR 90d.
1.2 e

4 SC/T 1025-2004 % A il A 4B K 7= 45
A FRHEBEEC Oy (8 1), AR TREE k. SR
FH, P05 i R AR D7 IR, RDRHECR S 60 H T,
HIM AR IAKSE 50 0%, 2%, 4%, 6%. 8%F
15%, TPEHIE Wi AKF-43 5100 1.73% . 3.71%. 5.69%.
7.67%. 9.64%H1 16.55%. Bl 6 4LiEe Tk, 4
FeR A TG I T URL R, BT I R A T kAR
S H.
1.3 RSt 5EFER

IR PR PR K i 35 R Ge IR0, HOK AR R
SER/IN: 100 ecm x 80cm x 60 cm, % 5 K#K—IK,

F1 AREAREZERBSRTHIR)

Tab. 1 Formulation and nutritional composition of experimental diets (air-dry basis)

JE} Ingredients (%) AL Group
1.73% 3.71 % 5.69 % 7.67 % 9.64 % 16.55 %

£ 4} Fish meal 8 8 8 8 8 8
A1 Soybean meal 25 25 25 25 25 25
164 ¥ Peanut meal 10 10 10 10 10 10
M1 Rapeseed meal 18 18 18 18 18 18
47l Fish oil 0 2 4 6 8 15
T KBEH Corn starch” 20 18 16 14 12 5
W Wheat-middlings 14 14 14 14 14 14
Wl 445 Ca(H,PO,), 1.5 1.5 1.5 1.5 1.5 1.5
£k Salt 0.2 0.2 0.2 0.2 0.2 0.2
S AL BB Choline chloride 0.3 0.3 0.3 0.3 0.3 0.3
TR Al Feed premix”™ 3 3 3 3 3 3
St Total Quantity 100 100 100 100 100 100
FBE I 4 Main nutrients (%)
HLEE [ Crude protein 30.44 30.43 30.42 30.41 30.4 30.36
HLAE Wi Crude fat 1.73 3.71 5.69 7.67 9.64 16.55
% Phosphorus 1.08 1.12 1.16 1.29 1.25 1.26

2 ERIEM LS S I GB-T 8885-2008 — R A bnif; ** TR AL b 4 kg IAEHZBE4E A R A EICE: VE 60 mg; VK 5 mg; VA
15000 1U; VD5 3000 1U; VB, 15 mg; VB, 30 mg; VB 15 mg; VB, 0.5 mg; MR 175 mg; MiZ 5 mg; JLEE 1000 mg; AWK 2.5 mg;

ZERES 50 mg; £k 25 mg; 4 3mg; H 15mg; L 0.6mg # 07¢g

Note: * Corn starch ingredient refers GB-T 8885-2008 standard of first rank standard; ** The premix provides vitamin and mineral for
a kilogram of diet: VE 60 mg; VK 5 mg; VA 15000 1U; VD; 3000 IU; VB, 15 mg; VB, 30 mg; VB¢ 15 mg; VB, 0.5 mg; Nicotinic acid 175
mg; Folic acid 5 mg; Inositol 1000 mg; Biotin 2.5 mg; Pantothenic acid 50 mg; Fe 25 mg; Cu 3 mg; Mn 15 mg; 1 0.6 mg; Mg 0.7 g
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KN EIK A 40%, TR FEEAE DU 2 GE R .
HLEM L ER) BTG KR BRI FAE).
OV R, AR 3 Wk, B A2 50 6:30.
13:30, 18:30, HHHRA 10%—15%, M /0% Ex
ZEff, FA R £ 20min J5, THERRE R KN
BRI A K, /K 21°C—27°C, pH 6.8—8.0, %
f#4A>5 mg/L.

1.4 REEFREUNRITER

EET AL FERITE T T 5 R 5
15 48h, XA AR I AT AR, A E R
(Weight gain rate, %). $# 4= K % (Specific growth
ratio, %/d). THA}Z%((Feed conversion ratio) & [
5 (Protein efficiency ratio), T3 /A UNT:

AT WGR (%) = 100 x (W,— W) | W,

P KR SGR (%/d)= 100x(In Wy ~In W;)/d

TR RE FCR=F | (W= W)

ERMCR PER = (W~ W) | P
K W iR R AR E i (g), W, I ik E
H(g); d WAFERE(d); F HBEAREERTH(); P
hE A A R T E(g).

ERYRRWELENE 5% 30d 5, #&
MAE R 20 DR LAl BV 0.5% Crp 05 578 7 A 1]
B, TEER 3d IR ZEE . DU BIR BUH S i
K ERIE, 2 2h Ji5 A R e T R R K R
RGEFEMZESE, B THIRMT 60°CHET, —20°C¥e K
FE

SRR 105°CH TR . ILREAE. R
PR AR IR AR B b e e sk i K 4 ML
g 10 B g e U0, SR P 20 S o 9 s ek S
FAEP Cr05 i, RIS TR F N LK

T4 5 1) 2 LT AL 2R (%)= 100 — 100 x C,/ C,

BT R R ML Z (%)= 100 — 100 x C; x
N> /(Cy % Ny)

Kb C AR Cr05 YA 735 5 (%); Cr NIEfE
H Cry05 B A 23 51 (%); Ny 235l ek oL
HUIE G B B 20 3 5 (%); Ny 2l kg fr 2 vp oML R 1
KRR . B & 40 5 1 (%)

I % & 4L 35 AR B9 E T 371 0 4 A
48h, FEAKIEF AL 3 B, JoH] MS-222 R
Ak, ARG R FR KR I, i ECA I T A A
1% R 2 mL #.08 SR, £
il 32 2 R 38T g A 1 O R Dt Y TP Y B B
OMZEIRTE) . IR (5 H By ki) o IOWH (i 26 4 4
PR ) T = Ee CH b % R AL B -1 A L )
) IR R A il - ARk A il ) Y
VAR 25 D9 2 A T RS 7% )« 0 0 2 S il O 325 ) P ik
PEREER R BTG PE(AMP 32%), LA F A8 AR A2 342K 2
A gh A5 BT 53 B -

1.5 BESZITE5 S

KF SAS6.12 H (1) 5L A 7 7 2243 HT (One-Way
ANOVA) X 4t 17 e it or i, AR5 % % 5,
WJ#EAT Fisher’s LSD Z & Ak, F ik 2k
AR SRR MK Z A O OC R . Eidis
S AR EZE (Mean + SDYER R, P<0.05 K
ZR B, P<0.01 N ZERWEE .

2 & B

2.1 (ARIBEAEK PR E B Ak fa e P B RO RO

HIZ 2 AT, TARHIR W 7K P ek 1 34 i %
B A AT A (P<0.05), IR R ORI
PR A W 8 5 (P<0.01). 7.67%241 h fha fAk iy

F2 AREHAKENEEFTESESEEITZMN
Tab. 2 Effect of dietary lipid levels on growth performance of GIFT tilapia

4 5 RYE (/) B FRE A K THRL R B RARSE
Group Finial weight WGR (%) SGR (%/d) FCR PER
1.73% 41.85+2.78° 1205.71£156.46° 2.84+0.13¢ 2.40£0.15° 1.40+0.09¢
3.71% 46.29+2.16% 1588.55+103.69%° 3.1420.07% 2.00+0.01° 1.66+0.01°
5.69% 48.27+3.42% 1620.70+146.78* 3.15£0.09% 1.91£0.05° 1.74£0.04>
7.67% 52.00+0.31° 1860.18+44.76 3.31+0.03° 1.85+0.01° 1.81+0.01%
9.64% 51.74+2.75° 1660.74+78.20* 3.18+0.05™ 1.8140.02° 1.8440.02°
16.55% 44.64+1.87" 1348.27+93.73" 2.96+0.07" 1.59+0.04° 2.10+0.05°

ANOVA, Pr>F 0.071 0.016 0.018 0.000 0.000

T SR FRAS [R5 Bl 2R 22 53 .35 (P<0.05); T2 [
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Note: Mean values in column with different superscripts were significantly different (P<0.05). The same as below

HERMFREA KBRS, REST 1.73%4.
16.55%41(P<0.05), 5 3.71%. 5.69%% 9.64%% %
AEE(P>0.05). 3.71%. 5.69%. 7.67%F 9.64%Y
ALY KT 1.73%4(P<0.05), [Rl 2 25 T
16.55%2H (P<0.05), X PU4~4H 2 [0 1B R 522 =
AN E(P>0.05), 16.55%H M E AR E E R T
HiAh A4 (P<0.05), 5.69% . 7.67%7F1 9.64% — 41 2 [a]
B B PR 22 57 OR IR 3 (P>0.05), TRDRE R Y B B
IRV v H AR BRSO

F Rk 2 el AR R U A £
F 38 B 23 5 AR g K E Z R SC &R, 45 30 09 11
FFEH: Y = —8.7084X° + 163.51.X + 1010.4(l 1), 4
X= 9.34%M}, H &P EANMERE S, Fitd s
% R Bl B AR 5 KA 9.34%

2500 -
$ 2000 +
5 3
<
= ¢
S 1500 -
[}
)
5
"‘é’ 1000 -
M Y=-8.7084X2+163.51X+ 1010.4
Ll R2=0.8572
s 500 -
0 1 1 1 ]
0 5 10 15 20

NEWiKF Lipid level (%)

B 1 & e R SRR KRR
Fig. 1 The relationship between weight growth rate and dietary
lipid levels of GIFT tilapia

22 ARBHAKENEETEAGABRUBELE

sk

M 3 AT, TAlRIg 7 K SR B A i) 2
ST b 23 77 A W S 25 95 T (P<0.01), X A 8 71 A
Ty 5 1) 2 L3 Ak 2T 8 35 1 (P>0.05) . 16.55%
MR R EAE R E ST 1.73%. 3.71%.
5.69%%(P<0.05), 3.71%. 5.69%. 7.67%7% 9.64%
ANH B E T 1.73%4H(P<0.05), X PUANZH 2 ] 25 5
AN (P>0.05). 5.69% . 7.67%F1 9.64% =AW 1)
UM F B EE T 1.73%4(P<0.05), HE#HKT
16.55%4H (P<0.05), X =4 2 [a] 22 % A B & (P>
0.05).
2.3 (ARBERKFEXNEFE S IEE MiKELIERET

=AU

M1 4 o, TAREIR D A i v i B A
I . BREEMA . FIBREL . R 0 e R P
T2 Tl 1) T35 A A S 3 5 T (P<<0.0 1), Xof I A ik
A B E MW (P<0.05), X HM —FRHkE . A AR
ot S HEG ) T 1 TG S RS TR (P>0.05) o AR S i £ 7R 1)
1.73%HHEAMABRLY R E &S FHad
(P<0.05). B 1.73%4, BEHNRDIAF-RHER, %
HEBFEAMBRTMEESD . AED. BREAMW
Erm AR BT, X h A2 A SR B A
AR 2ZEF(P<0.05), AFEAMAKL IR E2ER
(P>0.05); 3.71%ZH M BHR B R =5, 5 7.67%F1 9.64%
HAH 125 5 13 (P<0.05), 3.71%2H 2 Ay Hifl &
HZ 2 5 A W E(P>0.05); 16.55%24 H il = E ik
JF W E BT 5.69%41(P<0.05), 155 HAhg] 2% 51 i
F(P>0.05); 16.55%2H 5V % R il 05 Mk 0 2 T

®3 ARERKENEEFTEERABRAEULRBIZNE
Tab. 3 Effect of dietary lipid levels on feed apparent digestibility of GIFT tilapia (%)

21 5 HEH HLRE 17 {73 T
Group Crude protein Crude lipid Phosphorus Dry matter
1.73% 81.51£0.90 73.82+0.47° 55.37+0.58¢ 65.3120.46™
3.71% 82.48+1.27 85.20+2.30° 57.96+2.00 ¢ 64.53+1.69
5.69% 83.14+0.35 87.70+2.78° 61.02+1.01% 65.33+0.90%
7.67% 82.95+0.93 89.27+1.78% 63.81+1.67° 63.87+1.66°
9.64% 83.15+0.42 90.78+2.35% 63.53+0.76° 64.95+0.73%
16.55% 83.57+0.35 94.29+0.86" 67.60+0.38" 67.42+0.38"
ANOVA, Pr>F 0.536 0.000 0.000 0.366
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F4 AREHKENESTIEEMRELIERE G
Tab. 4 Effect of dietary lipid levels on blood biochemical indices of GIFT tilapia

21 5 HEH EFi -8 BRI Bk L ke
Group TP (g/L) ALB (g/L) GLB (g/L) ALB/ GLB GLU (mmol/L)
1.73% 41.80+3.27° 18.35+2.20° 23.45+1.52% 0.79+0.08° 6.71+0.49%
3.71% 30.79+0.74° 9.22+0.76° 21.57+0.90° 0.44+0.05° 8.11+0.60°
5.69% 34.04+2.41% 9.91+1.80° 24.13+0.95" 0.40+0.07° 6.97+0.79*
7.67% 36.17£1.91% 9.68+1.71° 26.49+1.10™ 0.37£0.07° 6.20+0.22°
9.64% 38.62+1.15% 11.83£1.35° 26.79+1.76* 0.47+0.08° 6.51£0.41°
16.55% 41.14+1.64° 12.07+0.98° 29.08+1.60° 0.43+0.04° 7.14£0.39"

ANOVA, Pr>F 0.002 0.001 0.004 0.001 0.049

4 51 R JIE i e ISR AN A B A il R T AL
Group TG (mg/mL) CHO (mg/mL) ALT (U/L) AST (U/L) ALP (U/L)

1.73% 1.41£0.26" 3.44+0.41" 37.89+3.02 396.56+46.44 11.11+4.44°
3.71% 1.40+0.25" 2.86+0.13° 30.11+4.55 201.22+49.38 11.72+3.15°
5.69% 1.21£0.29° 2.72+0.22° 41.25+6.89 424.56+79.34 15.22+2.83°
7.67% 1.63+0.24" 3.33+0.35% 43.5+7.64 256.25+97.39 18.55+7.25°
9.64% 1.59+0.59% 4.66+1.75" 44.11+6.80 337.33+106.54 22.89+5.59%
16.55% 1.89+0.45° 4.69+0.51° 60.78+10.15 449.37+130.11 27.20+6.80°

ANOVA, Pr>F 0.179 0.001 0.163 0.163 0.004

9.64% 4 Z A B H Ath 4% 41 (P<0.05), 16.55% 41 5
9.64%4 Z 7] 25 55 A i 2 (P>0.05)
3 3T i
3.1 ARBERKENEESTEA £ HENTN
AT B VR R R = BRI R 16.55%, KPR
F, B SR IR KO i fRDRE X A A Y 52
Wil o K 22 B30 f0 2 X g 17 LA 4 e 14 T WSO g
Rt I st = B 105 7K - 1 TR} 22 BB 8 AR A A 1
A, T Y AR R IRDRE KT AT DB R R RO ()
B R AR PR R B, ARG IR SR AT R 45 5. 55
A, IR KRR (16.55%2H ) 1 8 11 Jo 30 356 He
i i K 4LER R, 3 5 B% D) Lus, er al 5
FWTRd 75 04 B 1D S 23 BTG 2 1 3R i 45 SR A —
£, nTRESE i T AR RS [ 1 5 . Zeitoun, et al 'Y
HPGE H 25 mH R R A S B R
AR FR, R mH 43 B 1545 A f
AR o e ek v B 38 SR A 4 i, RS AR R B
b Sz e e R SR AT S5 R AR 1 T T 198 3R 1 e
RS o AR & P AR g =R S IR
AR R AT (B 1), 75 H AR AR e 3 S )
TR B BE BT K E S 9.34%, 3%k — 45 5 5 pg JU P!
Chou, et al. [4]5)?%%%%4‘*%@ {H A F= S 1R I
AR 7.67%4 B E fa 38 FR R E A KR

KA, @R E AR RS R A B A
THEE N 7.67%—9.34%,
32 ARERAENEEFEARARMRWELER

sEA

A B, TR AR D 7K P aak e st AR B 5 e
FEPI TR A2, X T A SR AL A I 7 AN [
TN XF sh W (A 9 B I Ui R . e Ak Xt ot 5 I )
PR AT P & B A4 HoAt fh 35— FEXT B i
AR E AR W RAMORE, HE P kA
X HLAE 195 T Ak 232 5 4RDRE A g D 7K P S IE A DG OE &R,
Ui B 0 E SR T R T AL R S B SR Y A
Py ) B A PP AR e g 7 KT, LA I
O P UIRTE R qRe i 4 =" IH A 1 L N 7= VIR K A B2 S
S g i K S IE AR G SE &R, I AN T
2 HE AR 16.55%2H R T 9 5 2 W Ak
Hom THAMA, bR EA A LI WO —
J5 T, A 0T A R BE R 5 K A s, A
T 4 R T4 B R M A R B s Oy — T, R 2R
Wy 50 AT LA s AR 1E T f AT LA R VS 1 B SR
FT M, $E T BRI AR, AR
PSR .
33 AMERAENEFEFTEANKENIERN

A

I A AR bR e St s i A FRARIHEIR S, 5

B}
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T A AU 7 A %) 3 g 2 AR £ 4 7 PR RE

EEC/URGH A (R A AT 85

BIROEVIM S, A b F8 b5 0928 AL mT DL ) B 35 5%
REHUARAC AL A 7E ML . R58 R B, 1.73%40
Tkht i A s R S E . AE A MERE A
R R, HEAWREM AL EE ST 3.71%
o IR Y AR A T2 S B A R I P 1A
MBI, MERE M EE S 51K SR E Y )
32 i DA R LA g B e, HLAIL ) 0T A 2 £ s 5%
AR SCHE A MRS, 25 M A 5™ 26
BRAILEL, A AR I B 0 e, fa A G R
FSRIE Y S 24 R K ETE 3.71%—16.55%2Z [[] i,
T RN Bk R AT B A D5 7K O £ 8 i SR B T R g
Ui B A 15 78 SR AL, REAE SR (1 2R 1 A0 R 55 T g
LR\ s e, S AR ez i . E A
VR, T R A T R A A e i L ) ),
AR K B & 2 AR i P IR R R
R i 2 R g P A ST 388 o v B v, L v IR R
JE LU H I T 2 5 32 AR R U KSR A
2 i R SR SRR A O, TEIE R DL T, I3 e
2 G 0% M R AR A, A T 8 o BT, I 3
PEBE R S M2 B TR AR g R R,
16.55%2H Bl 1 Wl R il 7% M (2 2% 71 55 (P<0.05), Al fg
P T 1R A 17 7S B4 L R 4 S 50 28 T I o AR ),
AT 5 | R A P T M T o S Ak, AR K
ST I Y IO A S S, L T LR
IR SRR MR R, M — PR, A
YR G 7 5 2 AE I IRCLE A I R A R TN
SARE VERBUE I B RO AR, S Z R 22 58
F(P>0.05), A Rpilt— L BRI

2% ik
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EFFECTS OF DIETARY LIPID LEVELS ON GROWTH PERFORMANCE, NUTRIENT
DIGESTIBILITY AND BLOOD BIOCHEMICAL INDICES OF GIFT TILAPIA
(OREOCHROMIS NILOTICUS)

WANG Ai-Min'? , HAN Guang-Ming', FENG Gong-Neng” , YANG Wen-Ping® , GUO Jia-Hao? , WANG Tian'
and XU Pao'

(1. Key Open Laboratory for Genetic Breeding of Aquatic Animals and Aquaculture Biology Certificated by the Ministry of
Agriculture, Wuxi College of Fisheries of Nanjing Agriculture University, Wuxi 214081; 2. Key Laboratory of Aquaculture and
Ecology of Coastal pool of Jiangsu Province, Department of Ocean Technology, Yancheng Institute of Technology, Yancheng 224051)

Abstract: In order to determine the optimal levels of the lipid of GIFT strain Nile tilapia (Oreochromis niloticus), 630
GIFT with average weight of (2.63+0.16) g were divided into six groups (1.73% lipid, 3.71% lipid, 5.69% lipid, 7.67%
lipid, 9.64% lipid and 16.55% lipid) randomly. One with triplication was the control group fed with basal diet (1.73%
lipid), the others were the treated groups fed with basal diet (1.73% lipid) supplemented with 2%, 4%, 6%, 8% and 15%
fish oil, respectively. After rearing 90d, the growth, feed conversion ratio, nutrient apparent digestibility and blood
biochemical parameter were determined. Results showed that, along with dietary lipid level raising, weight gain rate and
specific growth rate had a trend of going up first then falling down (P<0.05), protein efficiency ratio improved (P<0.01)
and feed conversion ratio reduced (P<0.01). Second-order regression of weight gain rate on concentrations of dietary
lipid indicated that the optimal dietary lipid for maximal growth of GIFT tilapia was about 9.34%. Crude protein and
dry-matter digestibility had no significant effected by dietary lipid levels (P>0.05). Crude lipid and phosphorus
digestibility raised significantly with dietary lipid level increasing (P<0.05). Albumin and albumin/globulin ratio in
1.73% group (this group did not added fish oil) was significantly higher than other group (P<0.05). Along with dietary
lipid level raising, cholesterol and alkaline phosphatase of fish serum raised significantly (P<0.01). Dietary lipid level
had significantly influence on blood glucose (P<0.05), and there was no significantly influence on the content of
triglyceride and the activities of glutamic-pyruvic transaminase and glutamic-oxaloacetic transaminase (P>0.05). It
indicated that the level of lipid in the dietary could improve the growth, the apparent digestibilities of crude lipid and
phosphorus to some degree, but excessive amount of lipid content in the dietary may be negative effects of fish growth
and immune ability in GIFT. So 7.67%—9.34% lipid of the dietary are the optimal levels of GIFT Seedlings in
aquaculture.

Key words: Genetic improvement of farmed tilapia (GIFT); Lipid requirement; Growth performance; Apparent

digestibility; Serum biochemical parameter



