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Hfects of protein redriction with subsequent realimentation on growth perfor mance

o juvenile Japanese flounder , Paralichthys olivaceus

WU Li-Xin, DENG Hong Xiang, GENG Zhi- Fu, WANG Quo-Dong  ( Key Laboratory d Hydrohiology inLiaoning Provinee’ s Universities
Dalian Fisheries University , Dalian 116023, China) . Acta Ecdogica Sinica,2006,26(11) :3711 3717.

Abgract : The dfects of protein redriction with subsequent redimentation on growth performance o juvenile Japanese flounder
Paralichthys divaceus (initia wet weight (8.80+0.18) g) were investigated a (23.0+£0.5) from 4 April to 22 May , 2004.
The control group (C) wasfed a sandard diet containing 50. 00 % crude protein (wet weight bass) and 17. 29KJ gross energy/g
(dry weight) throughout the experiment (48 days) . For the two treatment groups, T30 and T40, in the redricted phase (day 1
18) detary crude protein contents were reduced to 27. 95 % and 40. 47 %, regpectively , with congtant energy supply , while in the
redimentation phase (day 19 48) thefishwerefed the same diet asthat in the control group. The results showed that during the
period of protein regtriction, body weight , goecific growth rates , food conversion dficiencies (FCE, , FCEy and FCE,;) decreased ,
whilefood intake, protein dficiency ratio and food converson dficiency in term of protein (FCE,) increased with the dietary
protein level s decreased ; in the redimentation phase , however , there were no dgnificant difference in the above indexes between
trestment groups and control group. Sill , there were o dgnificant differences in the goparent digedibility and the body
cormposition between the treatment groups and the control group throughout the experiment , except that the fish in the control group
showed higher lipid content than those in group T30 at the end of experiment. The conplete conpensatory growth was observed in
this gudy.
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(3 20 70
14 6]
17.8]
, , Shwarz ( Cyprinus carpio)
. Wu M , ( Fennerapenaeus chinensis)
[11 14]
1
1.1
3 , 50.00 % ,40.47 %  27. 95 %( )
( 18Kl/g ) 0.2% Cr,0;
(21 , 3mm , ( 8% ) - 20
1
1.2 1
48d Table 1  Ingredient composition and proximate analysis ( dry weight
NINAR " bess d the exparimental diets .
( ) Diets
( 19 48 ) C Ingredients ( % dry wt) P30 P40 P50
50. 00 % (P50) T40 Fish medl 30.0 45.0 60.0
T30 Soybean medl 9.0 13.0 17.0
Souid gut 4.5 4.5 4.5
0, 0, .
40.47 %(P40) 27 95 %(P30) ' Wheat flour 42.28 25.78 9.28
C Ps0 3 Algee flour 2.0 2.0 2.0
Qd liver ail 9.0 6.5 4.0
Mineral mix 1.5 15 1.5
1.3 Vitamin mx 1.5 1.5 1.5
9 (50 cm x40  BHT 0.02 0.02 0.02
cm x40 cm, 60L) O20; . § 0.2 0.2 0.2
Proximete corrpostion
1/4 1/3 (23.0£0.5) , Dry matter (% wet wt) oL21 9L42  9@.07
>6.0mgL, 32,pH 7.8%0.2,  <O0.1mg Rotein (1% dry w) %064 as2r 5431
Lipid ( % dry wt) 14.85 14.04 14.48
I, 14 10D Ash (% dry wt) 11.30  15.10 18.75
1.4 Energy contentt (kJ/g dry wt) 18.32  18.61 18.78
2 Ps0 2 (6:00 17:00) ,
1.5
100 ( (8.77+£0.72)g) , ( 0.01g)

9 , 3 ;
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, , 1
2 (6:00 17:00) , 1h , 1h ,
-20
1.6
70 : ( X 6. 25) :
( ) , (550 )7h ;
HR-15 ( )
1.7
(Soecific growth rate , SGR) (Protein dficiency ratio , PER)
(Feeding intake , FI) (Food converson dficiency , FCE)
SGRy ( %/d) = 100 x (InW, - InWp) / t
FCE, (%) = 100x (W, - Wp)/ C
PER= (W, - Wo)/ G,
FI (%  /d) = 100x C/ [t x (W + W) /2]
» Wo y Wh ot ,C ( 9 ,
G ( 9) (SCR: ,SCR, ,SCRe)
) , (FCE; ,FCE, ,FCE.)
(Apparent digedibility , AD)
ADs (%) = 100x(1- Gy/GC)
AD( %) = 100 x (1- N;i/Ng X C¢/CG)
Ny (%) (%) (K/g ) 3 Nq (%) (%)
(/g )G Cr,0s (%) ; Cq 0,0 (%)
SPSS10. 0 , (One-way ANOVA) (p<0.05) ,
Duncan’ s
2.1
18 0. 00 %( C 5.56%(T40) 22.22 %(T30) ;
6.25% 0.00% 0.00%
2 ( t )
2 , Table2 The changes o body weight of Paralichthys divaceus held on
, T30 ( p < the three groups at the different times of tr.1e experiment (Mean + D)
Weight (g)
0.05) ; 30d Trestments Initial After redriction Firdl
' (p>0.05) c 8.59+0.13 19.56 £0.59 42.37+0.56
2.2 Two 8.93+0.24 18.01 +0.358b 38.50+3.73
' (SR.) T 8.87+0.19 16.86+ 1. 27a 38.10+1.03
(SGRa) (S&R,) (SGR)

(p>0.05), T30 (1

(p<0.05) Vaueswith

different superscriptsin the same column are sgnificantly different (p <0. 05)
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Fg.1 Sedific gronth ratesintermof wet weight (SGR,) . dry metter (SGR¢) . protain {3GR;) and energy (SGRe) for juvenile Paralichthys divaceus hold

on the three feeding schedules during the course of expaim:nt

(p<0.05) ,and barsindicate gandard deviations of the means

2.3
2.4
(p<0.05) ;
2.5
3
4.57%d ",

For any one parameter va ues with the different letters are dgnificantly different

2 ’
(T30) (T40) .
3 , , T30
C(p<0.05) ,
, 130 T40 (FCE, ,FCE; ,FCE, ,FCE.)
, T40 (p<0.05)
, , T30
50. 00 % ( 8.59 19. 569) (S&R,)
[11,12]

(4.53% 5.32%-d ")

(SGR, ,SCRy ,SCR, ,SCR:)
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2
Fg.2 Apparent digedibility o dry melter (ADDg) , protein (ADp) , lipid (AD;) and energy (ADe) for juvenile Paralichthys divaceus held on the three
feeding schedules during the coura: of experiment
bars indicate gandard deviations of the means

3 ( * )

Table 3 The dietary utilization in juvenile Paralichthys divaceus maintained on the three schedules during the period of protein regriction and recovery

growth(Mean £ D)
Treatments
Time Feed utilization parameters c T40 T30

During the period FI(%  /d) 3.17+0.19 2.96+0.46a 3.92+0.26b
of protein redriction FCE, ( %) 136.45+ 1. 25pb 110.30+9. 85a 103.12+6.71a
FCE4( %) 35.41+0.32b 30.51+2.6la 28.30+1.71a
FCE, ( %) 39.14+2.85a 39.15+4.27a 50.97 £2.17b
FCE:( %) 40.04+1.85b 33.39+1.73a 32.00£0.07a
PER( %) 2.51+0.02a 2.49+0.22a 3.37+0.02b

During the period of FI(%  /d) 2.15+0.02 2.01+0.02 2.26+0.02

redlimentation FCE. ( %) 111.69+2.91 118.54+3.77 110.15+0. 40

FCE4( %) 33.32+2.08 33.66+2.77 32.99+0.29

FCE, (%) 30.76 £0.25 29.23+1.97 29.34+0.41

FCE ( %) 28.57+0.04a 32.84+1.05b 31.17 + 1. 0dab
PER 2.06+0.05 2.18+0.07 2.03+0.01

(p<0.05) Vaues with different superscripts in the same row are significantly different (p <0. 05)
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[9,10]

, 30% ( 45 %) ,
15 % , ,

4 ( + )
Table 4 The changes o carcass proximate composition o juvenile Paralichthys olivaceus maintained on the three feeding schedules during the
experiment (Mean + D)

Energy
Time Treatments Moigure ( %) Protein ( %) Lipid (%) Ash (%) oontent (kJ/g dry wt)
Initid — 76.58+0.27 14.68 +£0.12 3.36+0.20 3.96+0.14 20.19+0.31

After regriction C 75.19+0.45 15.24 £0.40 4.68+0.57 4.13+0.30 20.44£0.44

T40 74.28 £0.96 15.33+£0.27 4.82+0.26 3.95+0.10 21.18+1.05

T30 74.33+£0.25 15.02+0.23 5.08+0.70 4.10+0.15 20.85+0.31

Find C 73.46 0. 26 14.84+0.37 7.39£0.3% 3.77+£0.28 20.28+0.52

T40 73.89+0.30 14.56+0.58 6.66 + 0. 47ab 3.55+0.22 20.95+0.60

T30 73.77+£0.41 14.79+0.27 5.90+0.35a 3.83+0.34 21.17+0.61

(p<0.05) Vaueswith the dfferent superscriptsin the same column are dgnificantly different (p <0. 05)

, , ( Sparus auratus) ( Pleuronectes platessa)

(o580 ('salmo trutta) ( Ctenopharyngodon idellus)
(17 18]
, T30 , [9.,10] ,

2 pe glva & , , Sarctherodon

nilaticus ; , ,
Shwarz ,
, ‘Wu  Dong'™ ,
15% 30 %
’ T30 ' [9.10 23]
(B 2]

; : (FCE. ,

FCE, ,FCE, ,FCE.) : T40
) T40
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