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1000 BJe% &% &P Emapih) vhK™
DT E KD A R A BT G4 ny R — iz ik
ghifn, B 77— A 4G 1E 2 e, 8 7 0 1)
1d2 MR E 5% il mek, 77580
B HAR R0 RNV — BUARIE I 360 J2, T3
VIR IR 3. 72 g R K252 5 cm (356 fa, 43
Y18 416 MAIRdL, B3R 3 A7) , 5:41 20 B
1, BEPLELSR T 18 A AR, AR BlCE 7 [R) A 1Y
KV CRRAR [R] 1), #5586 6 Ji o B 7R 01 5 1
SRR MR A g DR Ry T P R T A R T AR
P R A AR DGy LR 1, TR
55 HrOR [ A RS AR F B[] 01 d 2 YOI 2 d 2 IR
(IEF 1 d $4m 2 1) (09:00,18:00) 1 d 3 {KF12
d3 (AR 1 d #8503 k) (09:00,13:30,18:
00) .1 d4 kM2 d4 k(A1 d #5064 %) (09
00.12:00.,15:00,18:00) , =& % ][] % 18 £ 1
TTHEMR , R RR A DAL D 22 IR B AR LR
R ) HEEE O, RS 3 min 2 RAE YA AR
TH IS5 A M5 H AR A . SR BRI BR T AR
SRRAAE ARSI AR B >R FH RO K 28
e, WK ITEE R B RAIK 176, /K 5T WD & 0 - %
fif48(8.31 £0.16) mg/L,pH(7.0 =0.1) , %A
(0.16 £0.011) mg/L, JAfEE (1.51 £0.16) L,
FEAEE(25.8 £0.2) mg/L, W ASER£L (0. 154 +
0.05) mg/L,fiffRLk (0.110 £0.014) mg/L, %
N E B DR R T, D' JE o B AR I . 3R ik
IO 28 AT — K AF 1A
1.2 #AMRESIHESH

RHE=iXb s FH T H PR RS B
200 JBAg R o R/ N — B CE R T 4.2 g
FHAR A FRFE T 5 11 m x0.8 m x1 m JE BRI
(FETLETE 6.5 m x2.0 m x 1.5 m /K&t
oo R T E HE A . IR S S R
IRl 1 d (B el HE S e w25 i
HREHLEL 110 2, fif i) ULEE f0 18 PN Bk A4 1) )

S 14 35 4%
x1 RWAREARMEEZEFRS M
Tab.1 Composition of the experimental

diets and main nutrients %0

B Y 6

ingredient percentage
KAy wheat middling 20.0
K =¥ soybean meal 25.0
4K peanut meal 17.0
SEFFHA rapeseed meal 8.9
KA rice bran 5.0
FhEA k) peru fishmeal 20.0
K& soybean oil 2.1
Bh salt 0.1
IR — %55 Ca(H,PO, ), 0.6
SALHEBH choline 0.1
S48 WL mineral premix’ 1.0
5424k vitamin premix® 0.2

FEEFMS (KERNEE)

nutrition components( Practice Measure)

JK 43 moisture 10.8
FLEE H crude protein 38.3
FHAG WG crude fat 6.4
FK4Y crude ash 8.7
F 44k crude fibre 5.3
T2 H Y NFE? 30.2
MEE/(MI/kg) GE! 16.88

7E:1. Na, (HPO, ), 4. 20, NaCi 3.23, K,S0, 16. 38, KClI 6. 58,
FeSO, 1. 07, Citric acid iron 3. 83, MgSO, 4. 42, ZnSO, 0. 47,
MnSO, 0.033,CuSO, 0.022,CrCl,0. 043 ,KI 0. 02, CaCO, 61. 71.
2. Inositol 2.22,V C 1.11,Calpanate 0.83,V B, 0.22,V B,0.56,
V B, 0.06,V K O0.06,Folic acid 0. 02,V B, 0.012,V H, 0.006,V
E O.44,Cellulose 94.42. 3. JCAIZ 1% NFE =100 — (% protein
+ % lipids + % ash + % fibre). 4. protein x 23. 6 + lipid x 39. 5 +
NFE x17.2.

i, T IR I 5 0 % R B A AR, B4R
ORI AR A 2 R DBHETE , (T A B 50
FoTRE . MRS 3 min 5 AR YA T A ) 1]
BE U2 IR I 57 AR A, BEPLEC S 10 2k
Jor BT RHEA R o SRJG TR R 1 /e B
HURE , BRRBEHLEL 10 Ffh . HURE Y £ 08 A vk oK
R, 2K J5 P RAF-[ (200 £0.01) g] B JRFFR
A o, A B B N RDR) AR EAS L TR
Fo () , BRI T 15 B DR 73
(B 2 BORE i ) 1) ' P GRDRE R R L Y
HUREY 80% £ 15 P Tl b sk AR i, B 8 HEZS A
100% X459, 2 BT B HEZ B0F5E s
FHIR) 3 Rl iy | RIS EIORRY LR PEBIR Y-y
AR ACHIF ST P [0 i A 56 R B — K07
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{E(R*) K5 b3k 3 FhHEAs B2 45 8 % S 1)
PG R B, 8 b B A5 LA BB Y H 0 R R
(R*) BRZHrifE2E (SDR) Lk K5k 2% J5 1 (RSS)
GO E PR I0 4 a1 AR HE S R AR, 3 W
Beprmtm

LPERIAL Y = A - Bx; R B AY. ¥ =
Aexp' ™ AR . Y ® =A - Bx
KLY S BREE B N AR R ARHE R = B R AR
TRHRE (g) /R (g) x 100, B Ay BEETE HE
R = FNERFEENEE (g) /AR (g) x
100 x h, X A HEZS SCIG 4R 5 MBS [a] (h) LA 2
L

FA KA RESTE R
GEHTHC 10 ANPGRS, U5 R &b 43
BrHE IR o 0 I in 5 245 ), Xl 9 45 4
PR PR T HAA R AR E A K R, &
THEER B AR A AR I, T F 5 LA 1 o A0 i et
B, RIS HE R AL 3 AT AR B
W3 R, ko B, 3 AR, BT, T 4 Al
FEE TS 3 IO R, 3 BIFRE , A 5 U
WERREE 103 A48 25, X0 1ml Ak e 44 1) 7K 45
FHEE 1T 5 A0 4 B R SCHR 9 ] T i
HLZT 443 B8 VAN SOEST 251 i A 1) J7 1 047
MAE .

ARSHOTE AL G R (SR, % ) =K
gt £ A/ 5 T 4R B R A < 100, $R i
(FI,g) =#MH — (B +510)  Fe K F
(SGR,%/d) = (LnW, —LaW,) x 100/t, fil K} %
(FER,% ) = (W, — W,)/FI x 100, Jif 1k 4§ %t
(HSI,% ) =W,/W, x100"" |
Ao W, IS ds i AR T (g ) s W, ik En s
AR () st A FRFEIIS KA (d) s FI 4
i W, MR EE () s W, AR (g) o

KB HELE  ORGOITEHEE S B
W SR ANOVA Jy 2 %) 4 o 17 26 1 43 B
(SPSS 13.0) . X 8 HE2s Bl A7 7% ¥, 540 fs
PR AR B BS) [) 7 A 2P R, RER 2 [R] 1Y) 22 57
AT T kg, W E MK R P <0.05,

K HH SPSS 13. 0 i 50 vt A 0 52 56 45 41
[ ER AT bt g 45 R &0t — oo 2541
Hr( One-Way ANOVA) J5, F V- 4 8 + bR ifiE 22
(mean + SD) KR, SEHEFT I 2255 0B, i 2
FEPENZ ] LSD it T N R 2 2 A,

2E4EFFENISR ] Tamhane” s T, 4T HL KR J7
20T, B35 KR A 0.05, #R )5 #E4T Duncan
QA A5 SO0 A ] 22 5 19 3 1k, B 3 Mok
Sk P <0.05,

2 4k

2.1 REHEBERNERHETL

FEFERI UG5 e 4y fa B Rk SS
FOE R eSS A DL 1o 30 A 453 06 401 Fit
UL 10 BB fa, ff i AR 2 A fa 5 N3 ok
Tl o HEZS 3 100% , LA 3 FhE e L 4y
WA LB HE 2 L g B0, L BLE AT G BE Y
e, HFJ RS RRL (1 ) 7 R4 R® Fie i (RSS LA
JeFk 7% SDR IR (32 2) , Ul P 5 i AL i
2 BRI S T R R L H HE s i 2k (£ 2) .
FRBOF AR AL PR 4.2 g B AR
B AR gt RS e HEAS I E R 15 hy 35 )
FEMEFT KT 511 80% B P ARDEHHEZS B 8] 8 9
N R E LS 3 h B R % 40% |, IS %
FEAR
2.2 AERBHERBHENTFERIBRE.
44 HERERN BARFI A X

FEREAR T 9T ], AN [ 15 AT 38 241 £ A Y
PRAET  AE T R R 100% , 156 4% 41 1) 245
it FrE AR R LR 3. A R
R I AN i R A ORI
BISCR I A BRI, AEBRIIR A 1 d 4 k1 d 3 Ik
L d 2 YRR AR KR AR IOR 8 38  T
FORAIR R 2 d4 k.2 d3IRA2 d2 KA (P<
0.05) ; FMAIZE K1 d2 K 2d4 Kk 2d3 K .2d

2 R H SR AT 1 d4 kel d 3 ki
(P<0.05),
2 10r ey
S = SZWI{E measured value
B 8 — FH RS SQR function
W6
E> 7
K 47
= 2
& ot
-10 1234567 8 910111213141516
BHHEZ A / h
GET

1 REHEFHEE
Fig.1 The change of gastric evacuation for fish
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Tab.2 The imitation with 3 types of mathematical models about the gastric evacuation of fish

Bep sy

model A B R? SDR RSS
SEJFARFE AR square root 2.914 0.178 0.991 0.132 0.283
FEROEAY think 9.44 0.825 0.989 0.288 8 1.334
LR AR linear 7.390 0.562 0. 904 0.875 11.413
®3 FREERFXRAHENEREFEEREMEARKLE
Tab.3 The feed intake( FI) ,specific growth ratios( SGR) and feed
effectiveness ratios( FER ) in fish with different feeding frequencies
AR Wi e ARIKT R g BER/e  BRAKE (%/d)  RECR %
feeding frequency IBW FBW FI SGR FER
4 Yk/d four meals/day 3.72£0.05 48.03 +3.95% 41.98 £3.16" 6.09 £0.22° 105.6 £3.47°
3 ¥K/d three meals/day 3.72£0.03 47.61 £3.67*° 40.07 £3.75° 6.07 £0.17° 109.5 +9.37°
2 ¥RX/d two meals/day 3.71 £0.04 46.83 +4.89* 34.13 £3.95° 5.99 £0.27% 126.3 £10.08*
4 Y%/2 d four meals/2 days 3.71 £0.05 28.96 +3.16° 37.20 £1.54° 4.88 +0.22° 61.9 +6.54°¢
3 ¥%/2 d three meals/2 days 3.72 +£0.03 28.84 +2.59° 35.00 +1.80° 4.87 +0.23° 71.6 +4.82°
2 ¥X/2 d two meals/2 days 3.71 £0.05 25.81 +0.29° 26.80 +3.66° 4.62 +0.02° 82.4 +11.75°

TE [/ —3 A AR EARNG FRUERA B3 257 (P <0.05)

Notes ; Values in the same column having different superscript letters are significantly different( P <0.05).

2.3 AEERFERHEEEEFBESMFE  JFABMEARSEZEL TR, P 1 d4 K,

T 1d3kdifay 2 d2 RABARENZER(P<
ATl AT R 4 0 A0S FE U AR RO 0.05) . 2 d 3 WAL PR TR B ik, e 45 41l

FA, BEEPORMUREL, ik S EEL E TRENER,

F4 FEABRRFERLY & EETFHFHRS M EIEL

Tab.4 Proximate analysis of nutrient contents by body and hepatosomatic

indices ( HIS ) in fish with different feeding frequencies %
ERi TS Gy HAT Jig 1y L Yix JFA SR $
feeding frequency moisture protein crude lipid ash HIS
HLHIE initial 74.99 +0. 14" 13.87 £0.18" 4.32 +0.32* 4.06 0. 28" 1.73 +£0. 34
4 ¥%/d 4 meals/day 72.57 £1.26% 16.70 £0.70° 6.45 +0.33" 4.28 +£0.23* 1.87 +£0.37°
3 ¥k/d 3 meals/day 71.63 +1.82° 16.41 +1.45° 7.13 £0.61° 4.84 +0.60° 1.63 £0.25%
2 ¥k/d 2 meals/day 73.91 £0.97° 16.13 0. 75 6.00 £0.32" 3.95+0.12* 1.46 +0.08™
4 /2 d 4 meals/2 days 73.64 £1.67% 15.89 £0.89™ 6.20 £0.65° 4.27 +0.19° 1.78 £0.23°
3 ¥k/2 d 2 meals/2 days 75.07 £0.30° 15.41 £0. 53" 5.68 +£0.39" 3.84 +0.08" 1.28 £0.25%
2 ¥k/d 2 meals/2 days 76.12 0. 90" 14.76 £0.40* 5.28 +0.67¢ 3.84 +0.04% 1.57 £0.33%

I A=A AR B NS T RARA BF 2R (P <0.05),
Notes; Values in the same column having different superscript letters are significantly different( P <0.05).
3 e LR AT R R Y o 5 MR A R A2 £ Y
T2 RIS ERDEREE 1R RE Bt L 9] LA % i 90 1) 1 5
3.1 FERRWNETRATETEEYHERER SN —SeRs RN, b5 R R
WRF R B4R & R ITM SN R A R4 A 2 Bl . (1) R
FRFHIRI N G AR BRR IR 06, 18 RAFERIG I 5 | 9 f2 A4 2 i A 4R il LAAE—
AR HIRA R AR VR BE IR s HUR R R m AR T S DR R AL R e e,
BRI AR R BE , 25 4 APt 0 243K B 4 (hybrid sunfish) ' F1g Jy 6l ( Silurus
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meridionalis) "*' 5 (2) #1814 K 3 5 B RHE AL
A& X AT RE S TR SR B TR S, a0
i ( Cyprinus carpio) "' . ¥ —BEWF5EH K L, 75
POt B O, A A 1 B 3 Bl R R AR
WEAR , L85 ( Oncorhynchus mykiss ) 4 .75 18 £ F)
O 1 d 3 A AR ERCRII AT 1 d 1
WA 1 d 6 4l 240 g My K OF P
( Oncorhynchus spp. ) TEAE RS T 1 d 2 IRéH
52 d2 R MR EARL,(H 2 d 2 R4 AT
BRI B E  ABITAE R R, B R
W, Je P R E S AR e m A A
KEREAWTE R . P RSP EMaga R
WA R 1 d 4 PRI R E A KR i, B AR
e, e R HERERB RN -3 8%,
-15.3% 35.7% .32.2% 11 21.9% , i H 5 4
KAEREE DA S i o SR Al . 7R SRR AR 2 d
49K .2 d 3 Y2 d 2 RIHREAE A K SR AN RERK
R E TR, U HAR ORI IL, A REw 2 e P
A w VAR EE ARKE R, ERR
WA 2 d 2 I HARE KRS 1 d4 )1 d
3YIAHIE, B m T 2d4K.2d3KHM2d2
R H R R R B 32 i T H B SRR AR 4
(P <0.05) , KU HB LR RE R 252
o TR R Sl RE IR U A B R W
FRATR XS e B R w B AR g f RS
FER BN AR D7 B 5 05 e, G R R AT
G, Je ¥ 23w Y kg ig S E
P& g W BT, K A & R T B A5 B
R AT RIS OICE R B, FIL, eP RE
WY AR B IE RN 1 d 2 K RHE
PRMEAT A 2 I 8 0 1) A K M e s R 5 A Ak
fit , FA B I SR AL A o
3.2 BHTRHBRNETREEFTEEHERKN
R E LR TEM
R EHEE T XM R R A2
H R 2 0 Y i s AL - AR B 2R
R B R Mk e R, R B AR,
BRI AR 2 T AU £ ) 1 2 i LR ) 9
A , T P foh 2 S Py b T, T Al 30
FRORE ) R TR AR B L] AR X 7Y, P 5%
R HE S it 2w A R B0 5 1R MRS i [R] AH
Ko PO MBS B LA S AR PR A,
P AR FRGE ok 1 A R o % R

B E WK U 5 05 Sh il s, FH 25k 01 5 2 148 A%
L, PRI 55 8% B 4 B AR R A ST AR S L 8.
TE BB K, IR A b6 p HE S S 28 R, AR i
XA, N 5R B P 0 HE S il 2wk i AL R T
KRLVEAL, 55 4R 05 i Al AR 5% . JOBLING™
0T T2 B & RIBHRE 5 I, 8 B BT 4
AR N A RS th & P&
FE A vy, T U R RHHE 2 ) B R AR S T
MR PERRY AR 2 R 4.2 ¢ AR
P EAE & VAR i g ARG B HES 0 A
FERGIAR V-7 AR AY , FL 1 P ) o8 4k 2 B )
F15 h(E 1), faEENHEE EREREE 1Y
HA WA A 5, GROVE 251 fF 55 28 HH iy
BN HEL I 50% I, Ha o ik 2 i it
50% . —MEINh, B NI P o R B AP ¢
SHEZS I Rt 2 B A8 A K TS B AR, B K
PRI AR B

{HATFE Y H i T AR, 5 R DL
FRRIRAE Z 6] (155 2 . GROVE 451" {7 31 iy i 75
215 h R3¢ 2 HHESS  HIE 80% ~90% B HE=
He AR EE 6 h AR XS N L Ge SR e 4 2R, 7E
HIN NI 6 h 5 o AR A K & B ]
RICHE 4§\ F 2 A s i 5 28 /i
2 ,80% 1) HEZS OS] AT LAFE Ry L8 M Bk
AR 18] o AR AR S0 A 4 1O B3R 22 A 14
HEZs HARMORI TN 4.2 ¢ AR R P R & Pk
40 80% HHEZS R 9 h, Uk 2 Ui A MLE B Ak
FEAPRZITE R O h 2247, MR R 1 d 4 k.1
d 3 YR, AR [ B B[] 43 31 ok 3 F1 4.5 h, 7R 3X
MR R P 2 w2 ARt gh o E MRS R EK
2540% F1 50% , B WRRER 2 5850 1 AL i A B
FECE TR BRI RRCR, L E A M R T 4
PRI, S ek (1] [ o ) ) R S B D AIRSCR R AL A
FFATEH S 0 2B 0P8 Pt 3 DLAHRGE ™ . P mR A
Fh2d4aw.2d3 M2 d2 REF, AR R
[T 24 h, § NP C 8, mil st Tk
PIZ AR R A5 S L B o I i AR AIG, A
AEfINT o MR A 1 d 2 YRi, AR R[] e ey
9 h, BNAEYILE 80% MHE=S, B BRI AT Bk
52, B DA AR R SRR R B R FRAEAK
% B A P E R R X 5 R SR
455, RICHE %" 38, V-1 Fi & 183 g 1Y
Y J@ B4kt ( Oreochromis niloticus ) 80% & HE2s Ky
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Effects of feeding frequency on gastric evacuation, growth benefit and
body composition of juvenile genetic improved farmed tilapia
strain of Nile tilapia( Oreochromis niloticus )

SUN Xiao-feng, FENG Jian“, CHEN Jiang-hong, LUO Bo, ZHAO Hai-xiang, ZHAO Hua-lin
(Institute of Aquaculiure ,Guangxi University ,Nanning 530004, China)

Abstract; A 6-week feeding experiment was conducted to determine the optimum feeding frequency for
gastric evacuation , growth performance and body composition of the juvenile genetic improved farmed tilapia
strain of Nile Tilapia( Oreochromis niloticus) ( GIFT strain of Nile tilapia). At the start of the feeding trial,
gastric evacuation rate of the fish was monitored after feeding to visual satiety. Gastric evacuation of the fish
was best fitted with square root model. It was estimated that gastric feed contents gradually decreased and
reached the pre-feeding level within 15 h and 80% evacuation would require 9 h, which suggested
corresponded to the return of appetite. Six replicate groups of the 360 fish(initial weight 3. 72 g) were fed to
visual satiety puffed feed at different feeding frequencies( four meals a day,three meals a day,two meals a
day , four meals every 2 days,three meals every 2 days and two meals every 2 days). As feeding frequency
decreased , the weight gain and feed efficiency of the juvenile gradually decreased. The specific growth ratios
(SGR) of fish fed four meals a day,three meals a day and two meals a day were significantly higher than
those of four meals every 2 days,three meals every 2 days and two meals every 2 days( P <0.05). The feed
intakes of fish fed two meals a day,four meals every 2 days,three meals every 2 days and two meals every
two days were significantly lower than those of three meals a day and four meals a day (P <0.05). As
feeding frequency decreased, moisture contents of fish body increased and the contents of fat and protein
decreased gradually,and there were significant difference between the fish fed four meals a day,three meals
a day and the fish fed two meals every 2 days. Hepatosomatic indices of fish were not significantly different
between all test groups. It is concluded that two meals a day is more effective than other feeding frequencies
for improving growth performance or feed efficiency of juvenile GIFT strain of Nile tilapia from 3. 7 to
48.0 g. Gastric evacuation is a simple and convenient method to evaluate optimum feeding frequency of
juvenile GIFT strain of Nile tilapia.

Key words: GIFT strain of Nile tilapia; feeding frequency; gastric evacuation; growth benefit;
body composition

Corresponding author: FENG Jian. E-mail ; fengjian08 @ 163. com

http : // www. scxuebao. cn



