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AFHE(1.0% .1.5% 2.0% Fatl ) fu 3 MECRMEM (1.2 3K - d7), WA TF
FIEAEKPRERAZHEERKEKENKR ORI H, EREA. MERL KNS, K
ZE Y A MARKE MM EXMFEAERE F 5 (P<0.05) ; FF 2 £ KRB R KTH
HmELAUEAERE TEFARMRERABREEIALAGTEREOLEE  BAKT
X f A R oA A T R R R E R (P>0.05) ; A B RRMET , A REKE M
MBEE BEEKEREMBEEAATHERRGSEYS A28 - I HRERAME; &R
IR X Y R AR 2 T RO 6 R BB 3 e (P>0..05) .
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Effects of ration level and feeding frequency on the growth and biochemical components of
juvenile turbot ( Scophthalmus maximus). LI Hua-hua, WU Lixin** , JIANG Zhi-qiang, A
Rong, CHEN Wei, LI Hong-yu, DONG Yi-yi (Key Laboraiory of Hydrobiology in Liaoning
Province, Dalian Ocean University, Dalian 116023, Liaoning , China). Chinese Journal of Ecolo-
gy, 2013, 32(7) . 1844-1849.

Abstract: Taking juvenile Scophthalmus maximus (initial wet weight 7. 56 +0. 03 g) as test
object, an experiment was conducted on its growth and biochemical components under effects of
different ration level (1.0% , 1.5% , 2.0% , and satiation) and feeding frequency (once a day,
twice a day, and three times a day) at 17-19 °C. With increasing ration level, the juvenile final
weight, relative rate of body weight gain, and feeding rate all increased significantly (P<0.05).
The specific growth rate had a linear increase with ration level ; the feed conversion efficiency in
wet weight, dry matter, protein, and energy decreased after an initial increase with increasing ra-
tion level; whereas the juvenile biochemical components and the apparent digestibility among
groups were less affected by ration level (P>0.05). With increasing feeding frequency, the
juvenile final weight, relative rate of body weight gain, specific growth rate, and feed conversion
efficiency decreased after an initial increase, with the maximum at the feeding frequency of twice
a day. No significant differences were observed in the apparent digestibility and biochemical com-
position among different feeding frequencies (P>0.05).

Key words: ration level ; feeding frequency; juvenile Scophthalmus maximus; growth; biochemi-

cal composition.
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R 58 20, H: rr 2 28l i 0 2R 22 42 (2000 ) | B & 55
(2012) WF5% T 45 B 7K S % 5F 6 ( Paralichthys oliva-
ceus) 4K ANEE =W SZ AU 200 ; Ham 55 (2003) AF 5%
R, RZEETA 0 (69. 0£16. 5 g) AL KBRS /K P
BTN R, I — 2 A B AR R KT
(16 CHI 18 °C ) Xt Az 4 AT i 25 5 1 40 ol 0]
E(2010) WFSY T KEZ0EL) £ (26. 04 +0. 97 ¢) HIHR
B SGE BT ], 25 0 R 18 h B —Ik
B HT 48K 15.00—18 .00 W] i 245 &
HA KM RCR, ASHE5E LR ZE 64l 1 (7. 56 +
0.03 g) MIRIEXT G BT T 45 B /K- A IR AT R X
FAAR B ARG By s, A Bkl i — 20 £
REZOEAR A A2 252705 T BT 98 N 250 HoA R AL 7
B R MRS A P Al B A — i P B A |

1 #MREFZE

1.1 Rk 5911k

KRy [ R K I Sl A7 FRA 7 fafAk
Ao Jo e . R Er 95— A, 90 FE A (A B R
g £0 54 I A kL 2 1R(7:30,17:30) , BHIRGA
M, I T I EC A TR (R BRI
FRIABRA T AE ) 1) FEZE IR AT K5 6.60% |
FLEE 5 52. 85% LA 11.76% JK4) 12.49%
e &5 20.89(kJ - g7')
1.2 kit

TEPEAR AT 1 £ B A (P 1R E S 7. 56 +
0.03 g) , KFH5EARHL /IR, 3t 6 ASAb A4
WHE3AEE  BANEEMSE 13 Bfa, W4 MEE
IKELHAN 3 A WA R A, HoP i & 4 (FLS) 5 2
W AU (FF2) Ry la— X REA, B KA 5N
1.0% (FL1.0) .1.5% (FL1.5) 2. 0% ( FL2) F{fl £
(FLS) (E 4t 4 H M 5 ) 1R 06 fa V2 F 1Y
AT, BERPIIK (7:30,17:30) 00, #E0E
B4R 1 IR - d7(FFL, ] 7.30) 2 1K -
d™'(FF2 , #& M2t 6 7.30,17.30) F1 3 ¥ - 2d7' (FF3,
M) 7.30,12:30,17:30) , BRI, 3K
553540 d, 350 N EERS 10 d 00— R4S 4 10 1A
AR R I AT RE LI 9 B BE 1
MR AR AT B 53 AT . X6 25 SR ), A4 Bl ML IRORE
3 BRI,
1.3 FEHRG N HEEH

I ALHE 18 NSLPRAFN 90 L(57 cm x45 cm
x35 cm) /K%, H BB (7.30 F117:30) , &

AR BRI ISCAE 20 MRS 30 min YREEFRIH, 40t
TRRE AR, 7525 KRS il s PR R R LA
KIERRE R, RKSEIEE M, H ok —k, K
W 1/3, I EJKIE 17 ~ 19 C, %A >6.0
mg + L™ 3R 31 ~33,pH {4 8.0 ~8. 1, # % <0. 1
mg - L' JEAMI 14 L: 10 D,
1.4 FESHTE

TURERT B RE S B T -20 °C A UKAR TP AR AE .
FEI e BRIHAZEMETE 70 C M UL E E I &
K53 T R BB Ay, R FH AL G /U (VA
x6. 25 ) W 7E AL 1 o 7% 65 &R IR ik (LA S Bty
THPER ) W ARG D & 625 4 FF o 78 S 4 rp Y e
(550 °C )12 h M7 B35 1= 5>k F HDC6000 H 3l &=
PAL IR AR TE A BR A ) I 2 e (B, B0 A
S EE RN AR 2 YR, A AR X O 25 M 5 2% BRF D)3 i
TR, R AR 2ZETE 2% DL 9 2 A4l
()P LA EAE Sil E 45 2R
1.5 Hdniba

WER(FR) X ER(WG) R R
(AD) JRHHRE K H (SCGRw) A BHE 5% 1Lk
R(FCEw) 5 ML AGA .

BERFR(% «d7") = 100xTF/ [ t(W,+W,)/2]

XTI E R WG(% )= (W,-W,) x 100/ W,

LWL AD(% )= [1-B/B'] x100

IR EEEE KR SGRw(% - d') = 100x (InW,

-InW,) /1

IR EFEALRER FCEw( % )= 100x( W,-W,)/C
VG L VA LRV ol D R L S S R R N E BT
H(g),C NIREWETHE(g) ,F HIMETE(g) ¢
RIS (d) , TF RSB (g) . iR T,
HABUFIBE R E A KA (SGR, SGRp I SGRe) Z
W A A KR A AL AR o 2 1 B AN
RERHEAL SR (FCEA, FCEp 1 FCEe ) 2 IR 1 # 7%
AT FTH AL FR B E R H] =8k —
AR/RFND, B F B’ 43 5 R LRI A v ) = A Ak
TR (R AR R AR 0. 5% , TRDEHRN
FEM PR Cr, 0, % 5 R HIR IK AL E B EIE ) |

K HT SPSS 19. 0 G i 5144 X £ 4l #4722 4%
BT, 24 BA K 2575 2240 BT (one-way ANOVA) K6 33k
2SR5 (P<0.05) , 17 Duncan £ 1 HEHAG 50 2H
] 22 5%
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SGRe=1.37RL-0. 2627
2 #RESH

2.1 BREKOVFIRE MR X K 32 B 4 £ AH X 3 E
R AL 5 R

M2 1 Al AR EACE T, AR B 7] K35
B4 A0 B AR TR | A TR AR R K
TR, HAL 25 R W3 (P<0.05) . £#4b
AL ) TH AL R B AR 2557 (P>0.05) ,

TEARRI BT T | K2 0 &)y 0 0y A AR AR E
AFXT 14 o 24 it 25 BRI 0 1S AT e T s 5 B AR Y
B Hoh FFL 415 FR2,FF3 2R B F (P<
0.05) 1 FF2 5 FF3 =% AW E (P>0.05), &
1R PR AT R A B R W T 5, FFL 5 FF3 2557
B3 (P<0.05),FF2 5 FF1 . FF3 2R ¥ A0
(P>0.05), AP AR MM LR 2R R E (P
>0.05) ,

2.2 BREIKOE RN MR AT FE X K 32 B 4 R e AR K
ESibpAl|

W 2 Fis, BB B /KT (R 38 ok 2 64 1
VR E T B B RE R e A K R
o, A A 225 8% (P<0.05) . FrEdERKRY
PRI RT .

SGRw=1.1047RL-0. 1011

(R°=0.9999 n=12 P<0.05)

SGRd=1.2246RL-0. 2247

(R*=0.9966 n=12 P<0.05)

(R*=0.9849 n=12 P<0.05)

SGRp=1. 1644RL-0. 2368

(R*=0.9985 n=12 P<0.05)

SEERE KR =0, KEMMNIEE T &
BT R RE S 1 4k RF 5B K COF 43 1 ok AR B EE Y
0.09% -d" 0.18% - d™" 0.19% - d"'F10.20% - d™,

U NEES S TE N N =y 2 2781 1110 BT A s =S =4
F1 TR SR A A R B MR 2 () 18 in A S Tt
G AR R A, PR ARZE R fa i | T8
M TTGE R E AR KR B E KT FF2 I FF3 4
(P<0.05) , 1M FF2 Fl FF3 4122 7R 83 (P>0.05)
2.3 FEKOT AR MR R X R SR B 4y AR Ak
R )5 ]

M2 3 W, BESE B KT B3 VB T R
15T I BE o % b 880OR AT S T BRI Y
FL1.5 [t FL1. 0 PR 8 T3 & SR BE % fh al
R T, bR R bR 22 7 B3 (P<0.05) ,
FI2.0 H A AL F B 2% & T FL1LLO 4 (P<
0.05),5 FLL.5 #HIL Z R A BE (P>0.05) &
HAEL FL2. 0 A FEMUES, B H R S0R 22 Rk
EHN(P<0.05) , HAW L B3 22 5 (P>0.05) .

TEARFE IR ITR T FFL A8 & T R
ZRZEMT FF2(P<0.05) ,5 FF3 ZR% A R3E (P>
0.05),FF1 ME B ABREEMT FF3(P<
0.05),MPHEHFF2ZF AR E(P>0.05) , %411

F1 BRKFMERFEI K EETL) & ERHEERNRIE L ZH 00

Table 1 Effect of ration level and feeding frequency on relative rate of body weight increase and apparent digestibility of

juvenile turbot

Rl PG (g) LR (g) FAXHEE AR (% ) FEAR(% - d7) FIIHAR(%)
FL1.0 7.58+0. 04 11.33+0.17 a 49.58+2.05 a 0.88+0.01 a 85.67+0. 24
FLIL.5 7.54+0.02 14.02+0.19 b 85.92+2.23 b 1.25+0.01 b 84.39+0. 96
FI2.0 7.60+0. 06 17.68+0.49 ¢ 132.69+4.61 ¢ 1.56+0. 00 ¢ 82.63+1.53
FLS(FF2) 7.54+0. 00 20.20=+0.65 dB 167.96+8. 66 dB 1.96+0. 08 dAB 84. 88+0. 25
FF1 7.57+0.03 16.72+0.19 A 120.77£1.72 A 1.79+0.06 A 84.48+1.17
FF3 7.54+0.01 19.93+0.23 B 164.44+2.72 B 2.02+0.02 B 82.75+0.01

[fl—F ARG PR KB 22 57 B3 (P<0. 05) , ARG FREFBRBRBUR A ] 22 57 B3 (P<0.05) , PRHARMERE, T,

®2 BRAKFMERNENKEFTHEHFEERENZN

Table 2 Effect of ration level and feeding frequency on SGR of juvenile turbot

e SGRw SGRd SGRp SGRe
FL1.0 1.01£0.03 a 0.98+0.02 a 0.91+0.11 a 1.06+0. 06 a
FL1.5 1.55+0.03 b 1.65+0.06 b 1.54+0.01 b 1.890.08 b
FL2.0 2.1120.05 ¢ 2.20=0. 04 ¢ 2.08=0.01 ¢ 2.4320.04 ¢
FLS(FF2) 2.46+0.08 dB 2.55+0. 16 dB 2.39+0. 13 dB 2.80+0.22 dB
FF1 1.98+0.02 A 2.00£0.02 A 1.93+0.01 A 2.18+0.13 A

FF3 2.43+0.03 B 2.51+0.06 B 2.49+0.08 B 2.75+0.09 B
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Table 3 Effect of ration level and feeding frequency on FCE of juvenile turbot

e FCEw FCEd FCEp FCEe
FLI1. 0 113.25+4.57 a 23.48+0.46 a 26.89+3.79 a 23.47+1.68 a
FLL.5 120.31+3.25 ab 28. 14+1. 36 ab 31.55+0.22 ab 30.84+1.78 b
FI2.0 127.86+2.84 b 29.22+0.42 b 33.18+0.61 b 30.82+0.38 b
FLS(FF2) 116.34+1.74 aB 26.32+0.95 bB 29.51+0. 57 abAB 27.79+1.72 b
FF1 105.28+2.53 A 22.85+0.49 A 26.90+0. 81 A 23.63+1.27
FF3 111.70+2.35 AB 25.23+1. 11 AB 30.72+1.70 B 26.50=1. 61

RERFACRZEFEIALE (P>0.05)
2.4 BEEKCE AT K32 6F 4 £ AR AL oy
E A

FEARBE R KT (F4) AR B E A
TREFANE (P>0.05) , HEEE & E/KF 1940
AT m IR RRIRA S Ko IR MK 5

Bk FL1. 0 415 5341 3 4125 5 W 3 (P<0. 05) 4b, HiAlh
H A 2ZEF AR E(P>0.05)

AN AT £ AL E K o AR A LR
W LKy & R 2 R AR B (P>0.05) , B % H
TR BGIN RS S B e TR R B AR, K A RLER
F LI o B i B RS T i i a3

F4 BRKFMERDENKEFLHEELRTHZM( FHEATEE, %)

Table 4 Effect of ration level and feeding frequency on biochemical composition of juvenile turbot

] Ko HIEH GIVER] HUR >
FLI1.0 78.80+0. 18 b 14.47+0.71 1.93+0.37 a 3.96+0.17 b
FL1.5 77.66+0.71 a 14.92+0. 18 3.10+0.43 b 3.64+0.22 a
FL2.0 77.75+0.06 a 14.77+0. 25 3.09+0.42 b 3.57+0.04 a
FLS(FF2) 77.79+0.52 a 14. 54+0. 23 3.11£0.36 b 3.62+0.03 a
FF1 78.28+0.25 14. 84+0. 25 2.68+0. 13 3.73£0.28
FF3 78.00+0. 35 14.92+0. 76 2.72+0. 37 3.70+0. 15

3 3 i
3.1 BREKF AR A0 R 5 6 2 WLTH AL 3R 1Y
LA

KTHEKFEHEENLR, HRICARE
ST A8 , 4N Je & % JE 6. ( Oreochromis niloticus ) |
1 A8 B R ( Carassius auratus gibelio ) %5 1 [}
FEULIH AL 6 Bt 18 12 7K F- B 3 0 T34 i ( Xie et al.
1997 ; £& 2044 1 A Z24E | 2000 ; R IBERS 252000 ) ; filf
(Salmo trutta) FNEA Y ( Clarias gariepinus ) W Ff 5 £
JKSE B4 38 hn i T B ( Eliott, 1976 ; Henken et al. |
1987) s AWFFE R R 22 0¥ 4y i i) R AL R A Z
FE AR, 5K 0 B A& ( Micropterus salmo-
ides ) FIHAf ( Ctenopharyngodon idells ) ifF 58 45 S AH 2L
( Beamish,1972 ; Cui et al. ,1992) , 3% 7 GE 3% Fil [a] 22
S GRE RS G A SEAN R R R S

X R 22 i 4y £ iy i e 45 SR R W, AN [ 45 B %
THERME R T B 25, X 5 8 ( Monopterus
albus) (BWLA 2011 ) BUBIFFE 45 RAH— B, T A
FFEE(2012) X BE A5 RN ( Ietalurus punctatus ) T

FEFRM, 1y I LTI A 238 i £5 DT 3 A 1 i i
BETHE . XTI HE 5 A A R AEA R IR T
S G S FNTRNEE 27/l T ENTEEPS
(Windell et al. ,1978 ; #M4%,2011)
3.2 AR AR A X R 22 R AR KR
A

AR 2 | T A2 AR ZE A, SR FE BR85S A [
R s2m , R A A A KOG R B —J2
Sy 2 OCF (Allen & Wootton, 1982) , 112
fift ( Sabastodes fuscescens ) [ xE A < 4 Bifi £ £ 7K F-
AR TN S D3 3 A e (MR SE, 2001 ) 5 55 — Bl
2P R (Boehlert & Yoklavich, 1983) , 4l Ham %%
(2003) XK ZEHF (69. 0£16.5 g) HYBFIE R W, 5 45
TR 35% B RO Z [ AR AR I R E AR KRB
P R g, 2P RIASCR . AKE,
RSP IR E T E BRI RE R E A R
HEEKERZNEER K X 5 Ham 55 (2003) X}
BB RIRITTE S LBk A A #54E (2000,2001 ) X 12
i ( Liza haematocheila ) 145 4 BF iy b 58 45 £ M
—,
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T FF2 41,

3.3 KT R M R X R SR B R A A AR
p= A
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e 56 (Cho et al. ,2006 ; Bf %5, 2012) B
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AR E KR (FMAZE 1999 ,2001 ;Sun et al. |
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B9 # # ( Windell et al. , 1978; Omar & Gunther,
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JoX(Wang et al. ,1998) , AHFFERI] , BEFL A%
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AR E RN R AL G R,
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2SN MK S KRG W FORLIK 43 =Bk 1. 0%
HEHIH 3 25 WA, HA & 2 7] 22 e AR 1
e

PN AR 7 2 B £ 1) P R — B2 e
BRI, A0 25 A 3R W, BE A MR A 2 (4 3 T

KEF4 K o3 MR RS FIR 73 & T
AL, VLR B MU A AR KGR T4y 0 3
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