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, (8] , 1
’ 11
(8] (91
5
, 5 )
, 5 (DI D2 D3 D4 D5),
) 34.85% 40.48% 46.54% 51.54%
56.69%( 1) ,
X1 TRANEARENEFEK
Tab.1 Formulation and chemical composition of experimental diets
%
Group
Ingredient
D1 D2 D3 D4 D5
Defatted fishmeal 42.5 50.5 58.5 66.5 74.5
Squid visceral meal 3 3 3 3 3
Fish oil 5 4 3 2 1
Starch 24.8 19 133 7.5 2
Cellulose 7 5.8 4.5 3.3 1.8
Wheat flour 5.5 5.5 5.5 5.5 5.5
Mineral mixture ' 2 2 2 2 2
Vitamin mixture 2 1 1 1 1 1
o- Alpha-starch 8.1 8.1 8.1 8.1 8.1
(50%) Choline chloride 0.5 0.5 0.5 0.5 0.5
Binder 0.54 0.54 0.54 0.54 0.54
Antioxidant 0.06 0.06 0.06 0.06 0.06
(% )Chemical composition (% DM)
Crude protein 34.85 40.48 46.54 51.54 56.69
Crude lipid 10.96 1091 10.82 10.76 10.41
Ash 9.50 10.77 12.21 13.57 14.84
Crude fibre 7.31 6.19 491 3.74 2.27
Nitrogen-free extract 37.38 31.65 25.52 20.39 15.79
Lysine 2.19 2.55 2.98 3.41 3.79
Methionine 0.69 0.8 0.92 1.02 1.13
/ Lysine/Crude protein 0.063 0.063 0.064 0.066 0.067
/ Methionine/Crude protein 0.02 0.02 0.02 0.02 0.02
* Gross energy” (kJ-g") 16.18 16.15 16.10 16.06 16.01
Protein/energy ratio (mg-kJ™") 21.54 25.06 28.91 32.09 35.41
H (mg/kg ): MgS0,7H,0,3 568.0; NaH,PO,2H,0, 25568.0; KCL,3 020.5; KAI(SOy4),, 8.3; CoCl,,28.0;
ZnSO, 7H,0,353.0; ,15968.0; CuSO45H,0,9.0; KI1,7.0; MnSO44H,0, 63.1; Na,SeOs, 1.5; CsHsO,Fe-5H,0,1533.0; NaCl,100.0;
NaF, 4.0.
2. (mg/kg ): A, 38.0; Ds, 13.2; a- , 210.0; , 115.0; , 380.0; , 88.0;
,368.0; , 1030.0; , 10.0; ,20.0; By, 1.3; 4 000.0; ,500.0. 3.

16.7kJ/g 37.6kl/g 16.7kl/g t,
Note: 1.Mineral mixture (mg/kg diet): MgSO,7H,0, 3 568.0; NaH,PO,2H,0, 25 568.0; KCI, 3 020.5; KAI(SO4),; 8.3; CoCl,, 28.0;
ZnSO47TH,0, 353.0; Ca-lactate, 15968.0; CuSO, 5H,0, 9.0; KI, 7.0; MnSO44H,0, 63.1; Na,Se0s, 1.5; CsHs0,Fe-5H,0, 1533.0; NaCl, 100.0;
NaF, 4.0.
2. Vitamin mixture (mg/kg diet): retinol acetate, 38.0; cholecalciferol, 13.2; alpha-tocopherol, 210.0; thiamin, 115.0; riboflavin, 380.0; pyri-
doxine HCI, 88.0; pantothenic acid, 368.0; niacin acid, 1030.0; biotin, 10.0; folic acid, 20.0; vitamin By, 1.3; inositol, 4 000.0; ascorbic acid,
500.0 . 3. Gross energy was calculated based on 16.7 kJ/ g protein, 37.6 kJ/ g lipid and 16.7 kJ/ g carbohydrate .
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(DFI, %-d™")=F/[( Wo+ Wy)/2xd] x100;
(FCR)=F /( W, — Wo);

(SGR, %-d")=(In W; —In Wo)/
dx100;

(PER, %) =(W; — Wo)/( Fx

)%100;

(DTL, %)= / x100;
(HSI, %)= / x100;
(VSL, %)= / x100;
(CF, %)= / 3x100;

(PRE, %) = (
/ )%100;
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(g): d—

(2), F—

SPSS11.0
(ANOVA), (P<
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(R, Ly— ; U— XRrL y=99.545-2.276(53.56—x), r=0.983) ,
; XrL— R ; R=Xge , R - )
XrL=0 53.56%
2.2
2 3 ,
2.1 )
D4
2 ) ) 17.23%, D1 6.89%,
(WGR) (P<0.05); D2 D3 D5
(SGR) ,D4 D5 2.99% 2.87% 0.82%, (P>0.05)
(WGR) (SGR) D1 D2
D3 (P<0.05) (DFI) (FCR) ,
, D4 2.3
D5 (P>0.05); D4
(PER) (P<0.05); D4 4 )
(PRE) D1 D3 D5 D4
D2 (HSI) (VS (AST) (ALT) Dl
D5 (P>0.05), D2
(DTI) (CF) D3  (P<0.05),
(P>0.05) 100% (ALP) (TP)
, 51.54% D4 D5 (P>0.05),
D1 D2 D3 (P<0.05); D2 D4
) ( 1: D5 (UN) (P>0.05),
F2 ARTEERKENZ2H) 40 &% K EERT R N
Tab.2 Effects of dietary protein levels on growth performance of juvenile starry flounder
n=3; X +SD
Hem Group
DI D2 D3 D4 D5
/g Initial body weight 54.52+0.23 54.52+0.23 54.52+0.23 54.52+0.23 54.52+0.23
/g Final body weight 88.06+0.84° 94.19+1.45° 97.69+1.24° 107.88+1.43¢ 108.77+1.28¢
(WGR)/% 61.57+1.54° 72.83+2.67° 79.25+2.27° 97.95+2.63¢ 99.59+2.34¢
(SGR)/(%-d™") 0.89+0.02° 1.01£0.03° 1.08+0.02° 1.26+0.02¢ 1.28+0.02¢
(DFD)/(%-d™") 1.18+0.03* 1.16£0.01° 1.10+£0.01° 1.0620.00¢ 1.06£0.01¢
(FCR) 1.43+0.01° 1.254+0.04° 1.1440.02¢ 0.95+0.02¢ 0.95+0.00¢
(PER)/% 2.1140.02° 2.11+0.07 2.05+0.03* 2.23+0.05 2.05+0.01°
(HSI)/% 3.69+0.31° 2.99+0.50° 2.53+£0.25" 2.13+£0.29° 2.05+0.15°
(VSD/% 6.38+0.15° 5.57+0.48° 5.18+0.30™ 5.00+0.42% 4.90+0.14°
(DTD/% 2.27+0.16 2.18+0.06 2.20£0.10 2.26+0.02 2.10£0.02
(CF)/% 2.80+0.16 2.71£0.10 2.73+0.17 2.74+0.05 2.70+0.13
(PRE) /% 37.34+2.64° 39.73+1.52% 38.48+1.86" 43.02+2.26 38.88+2.04°

(P<0.05).

Note: Values in the same row with different superscripts show significant difference (P<0.05).
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Fig.1 Broken-line model analysis of the relationship of weight
gain with dietary protein levels
[2] [4] [5]
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[13]
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2 10 g
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Tab.3 Effect of dietary protein levels on body composition of juvenile starry flounder

n=3; X £SD; %; WW

Group
Item
DI D2 D3 D4 D5

Moisture 71.24+0.95° 72.06+0.22% 72.07+£0.30% 72.06+0.23% 72.90+0.32°

Crude protein 16.12+0.44° 16.73£0.30™ 16.75£0.31% 17.23£0.45° 17.09+0.48°

Crude lipid 8.7120.06° 7.49£0.79° 7.47£0.11° 7.30£0.11° 6.46+0.33"

Ash 3.32+0.15 3.46+0.17 3.40+0.11 3.28+0.25 3.24+0.15

: (P<0.05).
Note: Values in the same row with different superscripts show significant difference (P<0.05).
F4 ARTREEZEAKFEX 2| 854 & 324 I8 FREI &2
Tab.4 Effects of dietary protein levels on plasma biochemistry indices of juvenile starry flounder
n=3; X +SD
Group
Item
DI D2 D3 D4 D5

AST/(U-L™) 33.07+5.86" 126.33+33.08° 95.33+13.20° 33.33+3.79° 28.67+5.51°

ALT/(U-L™Y) 19.00+3.46™ 47.33+15.31° 32.33+3.79° 14.00+3.61° 14.33+4.04°

ALP/(U-L™) 15.67+3.21 17.83+2.75 19.00+1.73 17.33+0.58 16.67+1.15
TP/(g'L™") 27.22+0.87° 28.34+1.02° 29.11+1.16° 31.45+1.43° 31.30+1.35°
BUN/(mg-L™") 6.06+0.39° 2.64+0.50° 3.47+0.32° 2.71£0.36" 2.76+0.21°

(P<0.05).

Note: Values in the same row with different superscripts show significant difference (P<0.05).
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Effects of dietary protein level on growth performance, body com-
position and plasma biochemistry indices of juvenile starry flounder,
Platichthys stellatus

DING Liyun'?, ZHANG Limin®, WANG Jiying® , SUN Lihui'?, SHUAI Jixiang'?, CUI Lijiao'?, SUN
Yongzhi2

(1.College of Fisheries and Life, Shanghai Ocean University, Shanghai 201306, China; 2. Marine Fisheries Research Institute
of Shandong Province, Yantai 264006, China)

Abstract: A study was conducted to determine the effect of dietary protein level on growth performance, body compo-
sition and haematological parameters in juvenile starry flounder. Only fish meal was used as protein source to formulate
five isoenergetic experimental diets at various protein levels (34.85%, 40.48%, 46.54%, 51.54 % and 56.69%, DM)
which were fed to triplicate groups of starry flounder (mean initial body weight: 54.52 g+0.23 g) in a recirculating rear-
ing system for 54 d. (1) Weight gain rate (WGR) and specific growth rate (SGR) were significantly improved with in-
creasing dietary protein from 34.85% to 51.54% (P<0.05) and leveled off. protein efficiency ratio (PER) of fish fed
diet with 51.54% protein level was significantly higher than those of the other groups (P<0.05). Protein retention effi-
ciency (PRE) at 51.54% dietary protein was also significantly higher than those of the groups with 34.85%, 46.54% and
56.69% dietary proteins (P<0.05), but there were no significant difference with 40.48% dietary protein (P>0.05). Bro-
ken-line model analysis based on weight gain rate (WGR) indicated that dietary protein requirement for juvenile starry
flounder was 53.65%. (2) Proximate composition of fish body was significantly affected by dietary lipid level. Body
protein content achieved the highest value at 51.54% dietary protein and significant difference (P<0.05) to 34.85% die-
tary protein group, while there were no significant differences with 40.48%, 46.54% and 56.69% groups (P>0.05). Fat
content in whole body decreased with the increase in dietary protein level. Moisture content of whole body showed a
reverse trend compared to body fat content. Body ash content was not significantly affected by dietary protein level. (3)
Plasma total protein (TP) concentration increased with increasing dietary protein level up to 51.54%, and then leveled
off. Plasma urea nitrogen (UN) content at 51.54% dietary protein was significantly lower than those of 34.85% and
46.54% dietary proteins (P<0.05), while there was no significant difference with 40.48% and 56.69% dietary proteins
(P>0.05). In considering these results, it was concluded that the optimum dietary protein requirement for Platichthys
stellatus was 51.54% —53.56%.[Journal of Fishery Sciences of China, 2010, 17(6): 1285-1292]

Key words: Platichthys stellatus; protein level; growth performance; weight gain; body composition; plasma biochem-
istry indices
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