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> E

S s (75.60+
0.18)g . 2
1
B 5 5 ., 3 s
1.1 20 s 70cm>=<80cm
, ( , 40cm , 60d ,
), , >5mg/L, <0.1mg/L,
5 5 (19.0+0.5) ,pH 7.8—8.2, 28—30
(DO D17 D35 D52 D69)( 1), DO( 58% (08:00, 17:00) 15min
) , D17 D35 D52 D69 , ,
17% 35% 52% 69% N . 3h
, 80 , , 80 ,
. 0.1% Cr203 5 1.3
, 2.5mm>3mm , 6 , 3
, 70 s R AST ALT,
1.2 AST ALT , .
S 3
Fz1 REEANEF (%)
Tab.1 The compositions of the experimental fish diets (%)
DO D17 D35 D52 D69
58 48 38 28 18
4 8 12 16 20
2 6 10 14 18
8 8 8 8 8
0 1 2.7 4.5 6.2
3 3 3 3 3
4 5.4 6.8 8.2 9.4
3 3 3 3 3
N 2 2 2 2 2
b 1 1 1 1 1
0.5 0.5 0.5 0.5 0.5
(o- ) 2.24 2.24 2.24 2.24 2.24
( ) 12.1 9.595 6.317 3.048 0
0.06 0.06 0.06 0.06 0.06
0 0.153 0.386 0.509 0.712
0 0.142 0.284 0.426 0.568
0 1 2 3 4
0 0.8 1.6 2.4 3.2
(5000U0) 0 0.01 0.013 0.017 0.02
Cr,0; 0.1 0.1 0.1 0.1 0.1
100 100 100 100 100
s a. (mg/kg ): MgS047H,0 5068; KC1 3020.5; KAI(SO4), 12.3; CoCl, 40.0; ZnSO4 7H,0 253.0; CuSO4 5H,0 10.0; KI
8.0; MnS0O,4°4H,0,73.1; Na,SeO; 2.5; CcHsO,Fe'5H,0 1633.0; NaCl 100.0; NaF 4.0 b. (mg/kg ): A 38.0; D;
13.2; a- 210.0; 115.0; 380.0; 88.0; 368.0; 1030.0; 10.0; 20.0; B, 1.3;

4000.0; 500.0
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*2 2BBRAKRFANEFER % )
Tab.2 Nutrient compositions of whole fish fed with the experimental diets (% DM)

DO D17 D35 D52 D69
60.91%0.08 54.58+0.04" 54.77+0.03° 54.29+0.06" 54.25+0.09" 54.41+0.035°
25.44+0.04 16.67+0.09° 16.7240.13" 16.70+0.08° 16.93+0.11° 16.82+0.02°
10.62+0.12 14.31+0.02° 13.69+0.07° 13.22+0.10° 12.58+0.04¢ 12.04+0.14°

2.08+0.04 1.92+0.03° 2.04+0.06° 1.86+0.07° 1.95+0.09" 1.76+0.14
2.93+0.06 3.82+0.11° 4.19£0.14" 3.98+0.09° 4.62+0.24° 4.44£0.15°
2.34+0.07 2.43+0.06" 2.3040.02° 2.60+0.15° 2.31+0.07° 2.57+0.10°
1.49+0.01 1.36+0.08" 1.36+0.07° 1.47+0.12° 1.34+0.06 1.52+0.12°
1.65+0.05 2.00+0.08* 1.77+0.03° 2.01+0.15° 1.61£0.07° 1.76+0.04°
3.39+0.03 3.71+£0.04° 3.49+0.10° 4.02+0.14° 3.63+0.07° 3.98+0.05°
2.24+0.08 2.22+0.04° 2.16+0.03¢ 2.49+0.13% 2.37+0.08" 2.61+0.01°
3.48+0.11 3.45+0.28° 3.2340.24° 3.80+0.19° 3.26£0.17 3.68+0.14°
1.81£0.10 1.3620.11¢ 1.67+0.02° 1.46+0.02° 1.82+0.07° 1.69+0.04°
21.41+1.45 22.27+1.28" 22.21+1.41° 23.69+1.59° 22.91+1.32° 24.01+0.96"
6.99+0.02 5.35+0.12° 5.84+0.17° 5.26+£0.21° 6.02+0.23" 5.43£0.19°
9.93+0.07 8.77+0.14° 9.46+0.19° 8.75+0.11° 9.74+0.27 8.99+0.33%
3.56+0.06 2.360.07" 2.57+0.02° 2.3720.00% 2.63+0.08" 2.42+0.03°
5.04+0.03 3.83+0.11° 3.36+0.19° 3.62+0.22° 2.94+0.19° 2.95+0.14°
3.95+0.01 3.25+0.03° 3.10+0.10° 3.16+0.14° 2.89+0.07° 2.80+0.05°
1.4340.02 1.37+0.08° 1.25+0.07° 1.40+0.05° 1.17+0.02¢ 1.26+0.05°
0.75+0.02 0.42+0.00¢ 0.59+0.01° 0.40+0.05¢ 0.62+0.02° 0.49+0.07¢
1.37+0.10 1.83+0.09° 1.68+0.11° 1.72+0.08° 1.63+0.05° 1.69+0.05°
33.02+1.36 27.18+1.55 27.85+1.43° 26.68+1.29" 27.64+1.82° 26.03+1.32°
, , + (h=3) D0—D69 (P<0.05)
1.3.1 : Ultrasphere C18 250mm><4.6;
(AOAC, 2000): 105 , 1 436nm; : 1.4ml/min;
; FOSS (Kjeltec™ : A: 11lmmol/L , NAOH pH
2100) ; ; 6.4, 4% DMF( ); B: 30% A 70%
550 3h, (4% DMF);
132 Cr,0; 39.9min, B
(2006) (2006) , 0 17.2 232 292 39.9min 56% 86%
5 AA-800 100% 25% 25%
1.34 AST ALT
(ADC)(%) ( )
:(1_ Cr0; JEfE %?%é}é‘?i}loo 2010
FEF Cr,0, MR HEFEoEE
1.3.3 2
(1+1) 110 22h, DABS 2.1
LC-10AT 3 , 17%

35% ., 9
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(P>0.05), 52% ,9 (P<0.05), Thr (P>0.05)
(P<0.05) Gly Ala Pro Tyr
2.2 Gly ,D17 D35 D52
4 , 69% (P>0.05)
, Val Met Ile Leu Phe Lys 2.3
(P<0.05), Arg  His 5 ,

% 3 R EWNTEEAR WY FREER AR KR (%)
Tab.3 Utilization of EAA for different diets (%)

DO D17 D35 D52 D69
90.2+0.50° 92.2+0.75" 89.8+0.86" 73.5+0.22° 74.8+£3.39°
94.5+0.56" 94.7+1.11° 93.4+0.66" 82.7+0.42° 83.3+2.45°
91.6+0.29° 92.8+1.03" 91.1+0.37° 76.0+£2.83¢ 81.9+0.69°
93.7+0.28° 94.9+0.78° 93.7+1.54° 84.0+2.09° 90.9+0.16°
92.6+0.55° 93.8+1.54° 91.1+0.35° 74.4+3.78° 82.6+1.51°
93.242.39° 94.2+1.23" 92.2+0.42° 77.8+2.87° 83.0+0.62°
92.2+0.53° 92.5+1.80° 91.5+0.53" 77.3+2.49° 82.4+0.08°
94.9+0.42° 95.5+0.99° 94.1£0.37° 82.6+2.15¢ 87.8+0.32"
91.5+0.45° 92.8+1.57° 91.7+0.88° 79.1+1.35° 76.7+4.08"

+ (n=3), (P<0.05),

x4 ABBNATIERSE®% )

=)
Tab.4 Amino acids contents in muscle for different diets (% DM)

DO D17 D35 D52 D69
2.89+0.09 2.98+0.06 3.130.09 3.10+0.04 3.19+0.26
4.17+0.40° 4.32+0.08% 4.60£0.11% 4.57+0.07* 4.89+0.45°
3.70+0.09° 3.76+0.03" 3.99+0.11° 3.89+0.04° 3.03+0.46"
2.41£0.08™ 2.48+0.02" 2.57+0.15" 2.65+0.02° 2.13+0.28°
3.4240.10° 3.47+0.03° 3.66+0.09° 3.60+0.05° 2.68+0.53°
6.18+0.18™ 6.25+0.04* 6.59£0.20" 6.55+0.08" 5.14+0.77°
3.08+0.07% 3.12£0.02% 3.35+0.08" 3.29+0.04° 2.64+0.30°
6.69+0.16™ 6.77+0.08% 7.28+0.22° 7.20+0.11° 5.7340.93°
1.48+0.04° 1.54+0.06" 1.73+0.03* 1.71£0.02° 2.11£0.40°

34.02 34.69 36.90 36.56 31.54
7.51£0.15 7.61£0.19 7.87+0.27 8.11+0.06 8.22+0.24
11.30+0.21 11.52+0.19 11.86+0.24 11.99+0.11 12.03+0.22
3.08+0.05 3.17+0.05 3.3240.11 3.35+0.04 3.44+0.22
3.82+%0.14° 3.89+0.03™ 4.07+0.14° 3.99+0.08" 3.19+0.13°
4.48+0.09" 4.56+0.04" 4.86+0.14° 4.81+0.06™ 4.2140.13°
1.330.05® 1.33£0.04™ 1.4340.10° 1.38+0.02° 1.1240.11°
0.46+0.01° 0.51+0.03" 0.52+0.01° 0.53+0.01° 0.82+0.01°
2.87+0.11% 3.01+0.05° 3.14+0.02° 3.12+0.04° 2.2340.03°

34.85 35.60 37.07 37.28 35.26
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, ALT ,

, Val Met (P<
0.05), (P>0.05) 3
2.4 AST ALT  AST/ALT )

AST  AST/ALT ( 6), D69 , ,
DO  (P<0.05), (Bautista-Teruel et al,
; AST  AST/ALT 2003; Hasan et al, 1997)
(P<0.05), ,
x5 HEELBRERIE(% )

Tab.5 Amino acids contents in whole fish for different diets (%DM)

DO D17 D35 D52 D69
2.17+0.07 2.2140.13 2.26+0.22 2.14+0.02 2.3240.08
2.79+0.14 3.19+0.10 2.93+0.12 2.80+0.09 2.73+0.08
2.91+0.09* 2.85+0.10% 2.69+0.13% 2.65+0.04% 2.57+0.05°
1.83+0.07° 1.77£0.05" 1.7240.09* 1.61£0.06° 1.67+0.05"
2.58+0.10 2.50+0.13 2.35+0.17 2.29+0.07 2.26+0.02
4.51+0.16 4.42+0.17 4.22+0.20 4.1440.12 4.22+0.09
2.47£0.10 2.43+0.09 2.30+0.08 2.27+0.06 2.30+0.03
4.60+0.16 4.54+0.15 4.44+0.17 4.38+0.16 4.35+0.05
1.09+0.38 1.19+0.13 1.27+0.20 1.1740.01 1.16+0.09

24.95 25.10 24.18 23.45 23.58
5.45+0.22 5.57+0.25 5.48+0.11 5.23+0.04 5.33+0.10
7.98+0.31 8.14+0.23 8.10+0.12 7.67£0.11 7.74+0.13
2.64+0.09 4.60+0.14 2.73+0.08 2.62+0.02 3.11£0.08
5.68+0.31 5.42+0.22 5.23+0.23 5.55+0.26 5.24+0.04
4.11+0.18 4.01£0.19 3.92+0.20 3.96+0.10 4.17+0.05
1.67+0.09 1.59:0.04 1.57+0.11 1.65+0.07 1.62+0.02
0.33+0.03 0.34+0.05 0.42+0.01 0.33+0.01 0.32+0.02
2.10+0.09 2.08+0.13 1.96+0.09 1.95+0.02 2.07+0.05

29.96 31.75 29.41 28.96 29.60

%*6 WG RME AST. ALT 1 AST/ALT
Tab.6 AST, ALT and AST/ALT ratios in liver and blood serum for different diets

DO D17 D35 D52 D69
AST(U/g protein) 337.91+7.38° 332.66+7.49° 335.50+9.10° 349.40+2.93* 322.37+5.89°
ALT(U/g protein) 289.88+4.71 283.74+7.67 277.26+4.38 300.60+4.42 290.74+8.34
AST/ALT 1.1740.01° 1.18+0.00° 1.2140.02° 1.1740.02* 1.11£0.01°
AST(U/L) 54.05+0.95¢ 54.00+2.30¢ 73.95+2.42° 102.25+2.38° 90.70+4.90°
ALT(U/L) 16.55+0.55 18.15+0.35 20.70+1.53 24.40+1.36 23.90+1.27

AST/ALT 3.27+0.05¢ 2.98+0.03¢ 3.59+0.02° 4.18+0.02° 3.82+0.02°
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THE EFFECTS OF NEW PROTEIN SOURCES SUBSTITUTE FISHMEAL ON THE
AMINO ACID COMPOSITIONS OF JUVENILE STARRY FLOUNDER PLATICHTHYS
STELLATUS

DUAN Pei-Chang"?, ZHANG Li-Min', WANG Ji-Ying', LI Bao-Shan'

(1. Marine Fisheries Research Institute of Shandong Province, Yantai, 264006;
2. Guangdong Yuehai Feed Group Co. Ltd, Zhanjiang, 524017)

Abstract Starry flounder Platichthys stellatus is a type of large carnivorous fish and their diet requires high level of
protein. Using juvenile fish with initial body weight of (75.620.18)g, we tested the effects of different fishmeal substitutes

on the starry flounder. Five isonitrogenous and isoenergetic diets were formulated by adjusting amino acid level using three
different protein sources (soy protein concentrate, dephenolized cottonseed protein, spray-dried blood protein), crystalline
Lysine and Methionine. DO with 58% defatted fishmeal as the control group, and added the fishmeal substitutes at four
levels of 17% (D17), 35% (D35), 52% (D52), 69% (D69) to the fish diet. Five groups in triplicate were divided randomly
for the following 60-day feeding experiment. We found that the D17 and D35 groups were not significantly different from
the control group in the digestibility of essential amino acids (EAA) (P>0.05), although their EAA contents were signifi-
cantly higher than those in the D52 and D69 groups (P<0.05). Compared with the control group, except arginine, histidine
and threonine, the contents of other EAA in the fish muscles decreased significantly (P<0.05), although the total contents
of the EAA did not exhibit significant difference in whole fish (P>0.05). Furthermore, the contents of valine and methion-
ine declined markedly (P<0.05). In the D69 treatment group, liver AST and AST/ALT ratio were significantly lower than
other groups (P<0.05), whereas serum AST and AST/ALT ratio increased dramatically with increasing substituting protein.
Our results showed that there was no significant difference on apparent digestibility of EAA in diets, muscle and whole fish
EAA contents when up to 35% of the fishmeal was substituted by the alternative protein sources, but the liver function of
the experimental fish was affected at higher alternative protein levels.

Key words Starry flounder Platichthys stellatus, Fishmeal, Amino acid, Alanine aminotransferase (ALT), As-
partate aminotransferase (AST)



