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AR, BarE s e HRE T RS A
(O. niloticus ?xO0.aureus 34 f(21+1) °C' | B %
B AR A1(O. niloticus) % £0.(28+4) °CM I & % k1o
Hrfa(21~27) °CURHE T A I T 2R & oA
12%. 8.30%~9.75%7H17.67%~9.34%, i A S 45 4E
e KRR 3 E B A ok DR 7 A R K Y
IR AR VA o RIHAS S5 50 {3 A A W) B
Wi 7KF By sl fm kL, fE R NTER KSR R G,
PR IRIERI N34 °C, WEFRH Y EMS6d, Wit
X E S AR R . RS R T
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PSR
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IR MR TR L 2 1), WK ol I o
620 4l Ak AR kL o ARR R i DT AR TR I EE S 0
2.5%. 5.0%. 7.5%. 10.0%H112.5%, SZill i ik
43R 0.22% ., 2.83% ., 4.98% . 7.45%. 9.23%
F112.47%. TR R 60 H i, e 3 1 LG A
EFERAA, PR HERY KERE,
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KPR, FYRHS % BRIV AET-20 °CIKAE
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FRIE S T 20164E 10 H —20174E 1 H 58 1
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FE L AR RPN I R A % R 5 e BODLIA (BB
VAR5 8 2 I J5 AR TP B 22 ), 4 DL B L),
5 T B b AE CE—-80 °CUKAR 28 o

1.4 $EFRNE

A KoM AR WAL AR, HE
HAR(WGR), FFEL KA (SGR). TR R E(FCR).
A A(FIR), 2 F BB (PER) 8 BUR B&
(PRR). HFHA LE(HSHFIEM L (VST

B R (survival rate, SR, %)=N,/Nyx100%;

34 & (weight gain rate, WGR, %)=(W~W,)/
Wyx100%;

5 4 K K (specific growth rate, SGR, %/d)=
(I~ In W)X 100%;

T kL 5 ¥ (feed conversion ratio, FCR)=Wx
Wi(WWo);

$% B % (feed intake rate, FIR, %o)=Wx<2/(W W)/
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Tab. 1 Formula and proximate chemical composition of the experimental diets (air-dry basis) %

BiH TR K /%  dietary lipid levels

items 0.22 2.83 4.98 7.45 9.23 12.47
54l ingredient
KiGih  soybean oil 0 1.25 2.50 3.75 5.00 6.25
K corn oil 0 1.25 2.50 3.75 5.00 6.25
B[ casein 34.00 34.00 34.00 34.00 34.00 34.00
W gelatin 8.00 8.00 8.00 8.00 8.00 8.00
Bk dextrin 34.00 34.00 34.00 34.00 34.00 34.00
SALHEBE  choline chloride 0.25 0.25 0.25 0.25 0.25 0.25
YA F TR vitamin premix 1.00 1.00 1.00 1.00 1.00 1.00
THLER TR R mineral premix 2.00 2.00 2.00 2.00 2.00 2.00
R &85 Ca (H,POy), 2.00 2.00 2.00 2.00 2.00 2.00
iz 4 bentonite 1.70 1.70 1.70 1.70 1.70 1.70
WOmA4EZR  microcrystalline 17.05 14.55 12.05 9.55 7.05 455
it total 100 100 100 100 100 100
EE4 R proximate composition
KM crude protein 35.98 36.28 35.96 35.77 35.78 36.36
FARMT  crude lipid 0.22 2.83 4.98 7.45 9.23 12.47
K4y ash 2.85 2.96 2.93 3.27 3.15 3.05
/K4 moisture 7.94 7.61 7.35 6.92 6.53 6.36
B BE/(kJ/g)  gross energy 17.62 18.27 18.72 19.28 19.88 20.37

A DAEERTORE D RS 2 B(TUR Blmg/g), Bl R HRE 5, BITHK 10, ZRRES 10, D-EWR 0.6, FHRRNLWE: 4, MR 1.5, U
200, L-ZEA43RC-2-TEREE 60, MR 6.05, o-ZE/ERERSERNR 50, 4E4 KK 4, MIBEEEIRER 2 000 TU, Z4E43D; 400 1U, FHHMMAHERAR
INZEL g. 2) THLEEBURE R AR AR FREmg/g), BHER 445 135.8, FLEAS 327, BRERIVAK 2.125, BilREE 137, R AW 872, &
K4 43.5, FALER 0.15, THFRST 0.125, SULHT 75, SALH 0.1, BRFR4E 0.80, SUILEN 1, BHERE: 3, FAMUMA4ERBINE] g

Notes: 1) the vitamin mixture supplied the following (mixture mg/g), thiamin hydrochloride 5, riboflavin 10, calcium pantothenate 10, D-biotin 0.6,
pyridoxine hydrochloride 4, folic acid 1.5, inositol 200, L-ascorbyl-2-monophosphate-Mg 60, nicotinic acid 6.05, a-tocopheryl acetate 50, menadione 4,
retinol acetate 2 000 IU, cholecaliferol 400 IU, all ingredients were diluted with micro-cellulose to 1 g. 2) the mineral mixture supplied the following
(mg/g diet), Ca (H,PO,), 135.8, Ca (CH;CHOHCOO),-5H,0 327, FeSO,-6H,0 2.125, MgS0O,-7H,0 137, NaH,PO, 87.2, NaCl 43.5, AICl;-6H,0 0.15,
KIO; 0.125, KC1 75, CuCl,-2H,0 0.1, MnSO4-H,0 0.80, CoCl, 6H,0 1, ZnSO,4 7H,0 3, all ingredients were diluted with micro-cellulose to 1 g

tx100%

JFAA EE (hepatosomatic index, HSI, %)=W,/Wx
100%;

JIE{A Lt (viscerosomatic index, VSI, %)=W,/Wx
100%;

HE FACR (protein efficiency ratio, PER, %)=
(W W o) (W < W< W )< 100%

5 M B B4 %R (protein retention ratio, PRR, %)=
(W, <P W< Po) (W< W, < W< 100%
Kb, NRWAKEE, NowwIaReE, wh%R
KT (g), Wo ARG IR &= (g), h L5 KA
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A ARAFRE HIl=ER(TG). &
JIEL[E B (TCHO) . 13 % B A 2K 11 JIH [ 2 (HDL-C) Al
{1 %5 3 s 25 (1 B [ B ((LDL-C) 1 & & th 4 B ah 4=
AL BT (Sysmex-800) 2, B X H] 4 A
SysmexZs H] .

fig B AR B E A & AR MRS g
JFRELHEZ, A IAFRRY4 cCA= JER K, VKR
A1%(1 000 r/min, 10 s/, #EZL4K), 3 000 1/
minZ0 10 min, BV WO AT BTG . Bs AR
F1 TR T A0 T 8 05 1 o D O U7 e 2 o P e
ot R & e AR 1 TR T R JHE B T O A AR AR
gk AFE I T A

15 BEEDHH

B HE 15 DL 2 (H 45 #E 22 (mean+SD)FE /R,
FHSPSS 19.048 i1k {4 ' One-Way ANOVA 4T )7
25001, JFHE T DuncanfCR 2 H L #E, P<0.05K 2%
S

2 iR
2.1 34°CTARBEHKENTEFTIEEEK

M BERIR M

W UE A 5 B K (50.88+1.57) g 75 & & AE fa 7
34°CH&it56 diyfF SR, HWGR. SGR. PERFI
PRREA ARG 1 7K T s ¥ 2 B TS TR
e, WGRHISGRE7E 1 B I 7K 4 4.98 %
ik 3 % KA, PERFIPRRIE T KIS 15 7K F
7.45%} 15 F) B KB (F2); FCRAFIRN £ 3T
K JE LItk S AR KT 7.45% 0T
He Ao HSUFIVSIE B kg i K 7 T i T e
T BRI K P X6 75 & 2 Al % SRIE (2 3 5 i (P>
0.05).

WL EE AR, R P AR AR E R (V)M
TG D7 7K P QO G R O ¥=8.113 0X+184.670 O(X<
49800, R=0.847 5)F1Y=—5.332 7X+250.880 0(4.98<
X<1247, R=0.8726), S1EHE K T-h4.92%KT,
WA R R (E D 1RER B ()RR B I K
(XM Z M Y=0.004 5X°~0.058 4X+1.395 2(R>=
0.858 4), kL AE i 7K 76.49%0, T kL R 2L
/N (E2)o 3 H R () FERL I 17 7K F (0O R
X F K Y=6.869 0X+197.880 0(X<<4.980 0, R’=0.874 8)
FY=—4.804 3X+264.060 0(4.98<X<12.4700, R’=
0.923 4), YRR N K- R5.67%0F, & H BTAL
ESTIN(EER)E

2.2 34°CTRAMEHKENSTETIEE KK
pal:0E-A

BRI 07 2K 7 0 T, A ORI T
AW TE R, 45 L A 3 T BB 4 (P<0.05)
(#3); Ko AT EIE T i =4.98% ] #X)
HRZH 2% TH e (P<0.05); 45 2H 4 i p KL AR AT
Iy i 25 BN 3 (P>0.05) . B ARRLIE 7 K - 10
Fhs, WUPA KL RS I & s AW T, K 4
AR, 25 & 2 AR AR A DR IR 7 & =
7.45%IF, HUA B 7 o 2 e TR IR (P<
0.05); 2MHR MK =4.980F, WLA K& & 2%
fIE T X BRZH (P<0.05) o Tl i 5 2 N 52 i UL 1A
FLEE 1 & i (P>0.05), EAH LA K 43 2 e 0t R
2 I 25 AR (P<0.05) . AT ARG 7 & 1 76 1w I
05 % 5 24 2.83%~9.23 % i 2556 B 2H i1 12.47%4H b
FH AR (P<0.05); 7K 43 & & 75 1A ki 7 & &
2.83%~4.98% ] FE X B4 e 2 Tt 55 (P<0.05).

2.3 4°CTHRRBEMRKEMNTEFTIEANE
B8 4> BE BA 1K 161 5 #R A0 22 0

B ) RL AR D7 7K P 89 T, ILWE TG . TCHO
FMILDL-C? s 8 fbfa #4534 — 5, RIS TR L
FHRYFaH (e d); 4.98%24H IfiL 1 TCHO % 1 45 %t 1R
A 5 RRAR,  12.47%2H 350 % R4t 2 T3 (P<0.05);
A5 REE 5 7K S AE9.23%~12.47%0F , 1L TGH
0 T IR (P<0.05); Y451 RHIE 7 /K 78
4.98%~7.45%, Il 1 LDL-C & i i &% T % I
ZH(P<0.05), M7 HDL-CH 4 S22 5 5 T
Xof BB 26 (P<0.05).,
2.4 34°CTRAMEHKENSTETIEEITR
& A X 5 B 48 FR 89 52 i

T B AR 0 R R T A B A RS
KB T e TR, A S g A A R L T
15 (P<0.05)(5); kNS 88 11 g it 1Y) 3% 1 22 B T
HaF, YRR B K =4.98%I, B R R4
ETHE(P<0.05); JH-HR il % 1 A6 AR 105 7K 74 2.83%
IR F R, 035 T HAh 4% 241 (P<0.05),

3 iR
30 EBEMNEFETIEGANEHERENEN

i B XoF 81, 288 B4 AR 17 75 SR AR A — RE R
el R R A G 7 R A B BIE S
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Tab.2 Effect of dietary lipid levels on growth performance and feed utilization of GIFT O. niloticus

k7 ARERT K F/%  dietary lipid level

index 022 2.83 4.98 7.45 9.23 12.47
YIER i R/g 1BW 50.32+0.38 51.08+0.37 51.02+0.80 50.43+0.53 50.97+0.33 51.43+0.33
LR FiR/g FBW 146.3+2.84° 152.28+3.87" 168.50+0.43° 154.17+1.22° 150.85+3.54™ 148.83+2.94"
WEZK/% WGR 190.75+4.34° 198.1549.65% 230.34+5.62° 205.70+3.37° 195.97+6.46" 189.38+6.17°
FrE KR/ (%/d) SGR 1.91+0.03° 1.95+0.06® 2.13+0.03° 2.00£0.02° 1.93+0.04 1.90+0.04°
FFA /% HSI 1.67+0.26" 1.73£0.29" 1.75£0.26™ 1.77£0.25" 1.79+£0.20™ 2.07+£0.26"
ML/ % VST 6.93+0.23" 6.88+0.36° 6.91+0.27° 7.61+0.38" 7.50+0.33° 8.57+0.40°
R AE FCR 1.37+0.02° 1.31+0.03 1.19+0.05° 1.18+0.03° 1.27+0.04° 1.36+0.04°
FEAFRR/ % PER 202.63+3.70° 210.17+5.23" 234.07+11.02° 236.30+6.26° 219.59+6.57° 202.22:+6.44°
EHRRER/% PRR 33.71+1.69° 36.37+0.93" 36.73+1.73° 37.53+1.0° 34.07+1.03" 32.11+1.03°
EH/% FIR 2.39+0.05° 2.33+0.10™ 2.25+0.05® 2.16+0.05° 2.26+0.06™ 2.36+0.04"
RIEH/% SR 100 100 100 100 100 100

T BT EAR TR RARR RE N ZER (P<0.05), FFH

Notes: values with different superscript letters within the same row are different significantly (P<0.05), the same below

240 1y g 113 0X+184.670 0
230 F png4758  ¥=-5.332 7X+250.880 0
220 ¢ R*=0.872 6
° 210 t+
b & 200 3
L 3 190 3
o180t
170 |
160 |
150 - - - -
0 2.5 5.0 75 100 125
AR I 7K %
dietary lipid level
B 1 ARERKESEERNITEE AN

Fig. 1 Broken-line regression analysis between weight

gain rate (WGR) and dietary lipid level

KB, 21 °COKR T #1 45 (A T o (1.34+0.20) ¢
BB R, fead Rk W K F 55 K i 12%,
DU ARAR e KIS F AU, 4225 °COKI, IR IN3%~
S%EI’J T, DR SR D K 5] 8.8%~10.7 %,
MR R L R 128~160 gl Je B % HE fa A4 K ek
TR R BORAR . PR R R R T
41(37.00+1.00) gft) 7 & & A f 7E28 °CF FRAH AT,
I3 AR K W RDRHIR D7 5 o 6.19% ", ARSI
H134 °CORIL &M T, PILR IR BT 4 (50.88+1.57) g
() % AR R R A R A Y A P R AN mDRL R
IF X i W Y 75 SR N 4.92%~6.49%, X B4k SRAY
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140 ¢ Y=0.004 5X>-0.058 4X+1.3952
1.35 R=0.858 4
ﬁ . 1.30
1\ 8 1.25
E q2} 1 T I
115 | | X=6.49
L Y=1.21
1.10 : e : : :
0 25 50 75 100 125 15.0
LRI K T1%
dietary lipid level
B2 EARERKESEANZARHEYES

Fig.2 Regression analysis between feed conversion
ratio (FCR) and dietary lipid level

M BE X — AR R A, B L R B RE A R
T, s P AR IR A R A AL, 7R
28~34 °COK RS, 7 & ¥ AR XTI W 75 oK & L
EEHEAT o TE X R T B AR A fa (AR g R R B, Y
K R 23F130 °CH, ARDEHIE 5 B 7 oK & 340
8%, X UL BH = i 5 A R AH L, vT BB IR 5
T AR A PR G D B R A, (RS e 2 A £ SR
R oRE MR RAAEE KB B . M%)
BHIE . FRDREC T ﬂ%ﬁaﬁ#(’, ek B X R
05 5 2K B 0 5 W G 1 i — 2D BRI (RIS S

%%’?4&@9@&&@% ER B IR S R
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41 JAAFEE . 34°CKIE T
250 1y—6 869 0+197.880 0
240 } R>=0.874 8 Y=—4.804 3X+264.060 0
~_ ] R=09234
£ 230t !
¥ 20| yd : :
gé % / 1
& 2,00l : ' X=5.67
a yd | Y=236.83
w200 !
190 :
1
180 - - - - -
0 25 50 75 100 125
TR T K E %
dietary lipid level

B3 mebEKk TS EERMENFLEESH
Fig. 3 Broken-line regression analysis between protein

efficiency ratio (PER) and dietary lipid level

AR, R S AR TR,
5 52 0 5 I KRR A — B AR
o 06 % L 00 0 A 5l B 1A O B 24
S0 @A R 2 KRS A,
I e 1 7 55 655 DA 0 56K J R 2
34 CORIRBTATIS B 3 A 0/ K 052 U
32 ERBER KR E B S AR

ARSI, B R IE R KT BT, 35 o

959 6 ) 4 0 LA RLIS I 2 5 LA B P L
B2 B, ZESUR B ARG AR &
W fiyi (Lates calcarifer)’ Fl 24 38 25 8L i (Morone
chrysops M. saxatilis)*"55 ) 55 045 BHIE 5L
XU B Rk b IR U M 2 3 s 2 R
PR A i I FR A B, A4 R 17 2 DURRAE
AR | JFEFITILA S e

P E 2 0 2R e FE R AR A B . ARSEE
JFF I 107 5 Ak i Ul 2 464 2.83%~9.23 % i
BEXT IR AN 12.47%2H W E WK, XUMI@iE T,
T DRI D7 e B AT DA AT I A D B
o X AT RE 5 % AE f0 i 7 A0 e 6 M e — 2 R
J3E 0 Pl PN B B T T T Y, AR S R B AR
000F i M AR A v L AT LG S M TG W A
REVR M BT A OGP, X HRZH A i 1Dy % 1t W 3 5 T g
5 5 18 h2.83%~9.23%2H , HJEL P AT AR J2 Rk
NGB, 23 5 BOWIE & 2605 i X 068 1 6
ANBE FE 0 M TBE SV D RE IR, TR 2 R e
A& B 5 URR T A 1,
33 WEHERKENEFEFERMBENE
N 0EAL

ML AR A8 B AT B e £ K Y AR B B0 BEOR
B, Tl =R RS I A AT DA R w2

®3 ARBEHKTENEE. JLAMATIEE I KERE

Tab. 3 Effect of dietary lipid levels on whole body, muscle and liver composition of GIFT O. niloticus %
Jeki YRR K /%  dietary lipid level
index 022 2.83 498 7.45 9.23 12.47

&4 whole body

/K4 moisture 71.65+2.13° 71.20+1.15™
HE A crude protein 16.38+0.31 17.06+1.24
HREWT  crude lipid 7.66£0.15" 8.44+0.62°
K45y ash 4.06:0.43 4.35+0.47
WL muscle

/K4 moisture 77.5140.25" 77.29+0.26™
HREWT  crude lipid 2.23+0.64" 2.83+0.87"
HE A crude protein 17.62+0.51 17.70+0.49
K45y ash 1.23+0.11° 1.02+0.07*
FFHE  liver

/K4 moisture 58.95+0.36™ 64.04+0.93°
HMENT  crude lipid 21.330.69° 14.20+1.40°

71.01+0.28° 70.94+1.82° 70.42+0.81% 69.32+1.06
15.88+0.67 16.21+0.94 15.88+0.38 16.15+0.83
8.66+0.29 9.71+0.48° 9.76+0.34° 10.73+0.08°
3.61+0.42 3.69+0.30 3.98+0.17 3.97+0.59

76.98+0.18° 76.86+0.33° 76.58+0.51% 76.23+0.35°
3.86+1.05® 3.82+0.49° 5.49+0.87° 7.57+0.13¢

17.95+0.30 17.87+0.19 17.73+£0.44 17.57+0.37
1.08+0.08™ 0.88+0.16° 1.15+0.03° 1.01£0.06°

63.76+0.61° 59.48+1.71° 59.23+3.04° 55.76+0.20°
13.31+0.61° 17.08£1.51° 16.81£3.05° 22.99+1.89"
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Tab.4  Effect of dietary lipid levels on serum biochemical indices of GIFT O. niloticus mmol/L
b TARMIE K SF/%  lipid level
index 0.22 2.83 498 7.45 9.23 12.47
KJBEEE  TCHO 4.75+0.35 4.59+0.17° 3.95+0.24° 4.29+0.64™ 4.76+0.51° 6.5340.66°
Hih=m TG 1.43+0.16™ 1.25+0.18" 1.18+0.16" 1.50£0.16 2.410.17° 3.61+0.29°
i g A HER HDL-C 1.00+0.10* 1.35+0.07° 1.43+0.18° 1.31£0.13 1.3320.14° 1.44+0.10°
R FEARE A RFEEE  LDL-C 1.35£0.15 1.09+0.17° 0.66+0.15" 0.63+0.16" 1.35+0.25 1.85+0.24°
F5 ARERKENEEFZIEARHAHEXEEMNZM
Tab. S Effect of dietary lipid levels on lipid metabolism enzyme of GIFT O. niloticus Ul/g prot
BisV TR K /% lipid level
index 0.22 2.83 498 7.45 9.23 12.47
fEE FREE  lipoprotein lipase 1.94+0.27° 2.56+0.44" 3.18+0.88" 4.84+0.20° 5.75+0.56° 7.92+0.66°
IFAEME  hepatic lipase 4.60+0.25° 7.44+0.44° 6.34+0.34° 5.26+0.34™ 5.41+0.42° 5.98+0.60"
fEWifi  lipase 7.53+1.02* 10.67+1.18° 14.29+1.51° 16.00+0.50° 18.48+1.39° 19.73+1.28°
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A S v R AR i =R 5 R B Y AR Ak
FAFHEAR — 3, BEREAR D5 K T 0 T i e R
KA E RS, HITERR KT J14.98%HT ik
A%, U B G R b 3E BRI 2K 7 T LRI i
WH 0 =8 . = A AR AT LUK fa R py IR
Pt i o] JFE DR A T AR, A A0 = I W HDL-C &7
W, AT RATR 02 A B kA ARSI B AR
EEBEHELF AR, 2 ) 2 215 32 5 Bl
PR PR IR s, 51 R S KA AREY, AR S,
JIE 17 9% 126 1L 75 HDL-C 75 2 4 %t B 4 (g 25 71 7
21 Wi KK 35 51 4.98%0, 17 LDL-C# i & 3%
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Optimal dietary lipid requirement of advanced GIFT
Oreochromis niloticus reared at 34 °C water temperature

ZHOU Mengxin ¥, TIAN Juan’, WEN Hua”, LU Xing?,
JIANG Ming?, WU Fan®, LIUWei’, YU Lijuan’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. 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: The objective of this study was to assess the optimal dietary lipid requirement of advanced genetically
improved farmed tilapia (GIFT Oreochromis niloticus), reared at 34 °C water temperature. In present study, 360
fish with average initial body weight of (50.88+1.57) g were randomly divided into 6 groups with 3 replicates of
20 fish in each replicate. Fish in each group were hand-fed a purified diets containing different lipid levels [0.22%
(control group), 2.83%, 4.98%, 7.45%, 9.23% and 12.47%] reared at 34 °C water temperature for 56 days. At the
end of feeding trial, growth performance, body composition, serum biochemical indexes and the activities of lipid
metabolism enzyme in liver were measured. The results showed as follows: with the increase of lipid levels, weight
gain rate (WGR), specific growth rate (SGR), protein efficiency rate (PER) and protein retention rate (PRR) of
GIFT O. niloticus were increased at first and then decreased, but feed conversion ratio (FCR) and the feeding
intake rate (FIR) presented the opposite trend. The highest hepatosomatic index (HSI) was in 12.47% diet group,
the other groups were not significantly different in HSI. During the feeding trial, no fish died. Increasing dietary
lipid levels contributed to increased whole body and muscle lipid levels. With dietary lipids levels increased (i.e.,
from 2.83% to 9.23%), liver crude lipid concentrations were significantly lower than that in the control group.
Serum triacylglycerol (TG) and total cholesterol (TCHO) levels tended to increase first then decrease with
increasing dietary lipids level. Meanwhile, lipoprotein lipase (LPL) and hepatic lipase activities increased as the
level of lipid increased, and were highest in 12.47% diet group; hepatic lipase (HL) activities tended to first
increase and then to decrease as the level of dietary lipid increased, and was highest in 2.83% diet group.
Regression analysis showed the optimum dietary lipid level for maximum WGR and PER was 4.92% and 5.67%,
respectively, and for the lowest FCR was 6.49% when GIFT reared at 34 °C water temperature.
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