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1.1 RIS AREE

RIFREE R, EAFHEAR(KERSE
BO BBMEEED. RE TRIOREAHS),
VLB AR & ot BR, VR AR BB KT, B
5 4R S RE1RHH (D0, D17.D35.,D52 F1 D69)
(1) ,D0 Jyxt B4 (%5 58% iR Fky) , D17,
D35.D52 il D69 73 HI A F B E QIR E K ah
B 17% 35% 52% 1 69% , ki ki, Fr
BB PrEFRBS R, kit 80 B, #REC
FREJEIN—& 8 W FTE A AN S LERKIRE
A5, BB ENUIN T 2. 5 mm x3 mm K
Bk, 70 THT BT ERNTRAERE A
1.2 HREMNFESE

FRRERIGAE LN FR A W B K =9 Fr &3 A K
TR REP AT, KT AANE 8RB
T, o MAE N T8 N F— A s, FwE
REH(75.6 £0.18) g, IERIAIAT, 25 8%
HEFREREPYI 14 d, R ERENL A, R B 3L 55
5 4, BAHBE 3 AT, BT 20 BA, 4
FIBT 70 cm x 80 cm By R FHEIE FRFEM H , 5K
W40 cm 7247 i B0HA 60 d, SURKFREE , RUERS
A >5 mg/L, ZEA ERHBRE <0.1 mg/L, ¥4
JKIEAE(19.0+0.5) T ,pH 7.8 ~8.2, £ 28 ~
30, BRFRFERIFK(08:00,17:00), EME,
&2 30 min 5, N RE B BHEK 0¥ 2R 18 HE
LB, BRI,
1.3 HmREMLESH

AR AEE REFRATR 10 BAH

FEIEFRES . RREHG, IR 24 b, 5K
ARRE,TENMER, BRI Bfa, K
B EE, Y3 BEffEes  HRTRANE
PO JFF R , BREE , THEE R4 B B Ak L, BB 4]
WL, BUIMEERTEILEFRBS ST,
HESIE S B LT ik #17 (AOAC, 2000) : F
YIR7E 105 C T EEE, B R E LN E; M
FEHR A FOSS AN (Kjeltec™ 2100 ) ] &2 ; 4
B R AR 4R AT E s KA E D AE b op
550 THy%E3 h, REEME
JFAR L (HST) (% ) =100 x FHRE (g) /&
(g)
JEFRLE(VSD) (%) =100 x WAEE (g)/hE
(g)
HAEF(DTI) (%) =100 x {HiLEE
(g)/#hE(g)
JEWEEE (CF) =B/ K’
BHAVIHRMUE(PRE) (%) = 100 x (f&
AL EARNAR o/ EHRBAR)
WER(WGR) (%) =100 x (w, —w, ) /w,
¥t K (SGR) (%/d) =100 x (Ln w, —
Ln w_o)/t
FBIRE(FCR) =wy/ (w, —w,)
FHHEMF(PER) (%) =100 x (w, —w,)/
K, w,—F t KIESHATHERE(g);
w,—— W IR AT & PR
t —IRFERE(d) 5
w,—F t RgFHAKREE(g);
wy, — PRI S HAKREE () ;
w,——t RNSHEBRANERE(g);
w,— t RNZFHAEARBRE(g) .
ik kAR ARBRESERE, R
I YLk 24 h, FARREVLEL 10 B4, A 5 mL HE4t
FNBEIKER ., R A AE A, Hp
— LA R BUBE, il 2, 435 40 T2 L4
JeL % 40 i e DA R i 41 3 I SE 5 8 58—
MM T 4 CTHRMAET 4 000 r/min B> 15 min, I
£ FEmME, A EEE D 0E S EANTE,
R ARIENFAE 1 min, D BARET R
ARG XHERR A B 4L 40 B A A B R R
FRIMER BRI, L 40k A AR 4400
¥(mm’) = (5 PO PME x MBAER) /i
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Tab.1 Formulation and nutrient compositions of the experimental diets %
. . 1%L diets

JRRY ingredient DO D17 D35 D52 D69
HHAE 5 defatted fishmeal 58 48 38 28 18
KEW4EER soy protein concentrate 4 8 12 16 20
R ER#3¥F 2 H dephenolized cottonseed protein 2 6 10 14 18
X peanut meal 8 8 8 8 8
5 T M 3R E F ¥} spray-dried blood meal 0 1 2.7 4.5 6.2
5% A ¥ squid visceral meal 3 3 3 3 3
£ 71 fish oil 4 5.4 6.8 8.2 9.4
.71 soybean oil 3 3
B -G Y ? mineral mixture 2 2 2 2 2
g 444 E vitamin mixture 1 1
S 4LIETE, choline chloride 0.5 0.5 0.5 0.5 0.5
FEE 7 (a-TEH) adhesive 2.34 2.34 2.34 2.34 2.34
B (EH ) wheat flour 12.1 9.595 6.317 3.048 0
PiE 17 antioxidant 0.06 0.06 0.06 0.06 0.06
HIE R L-lysine 0 0.153 0. 386 0.509 0.712
FE R B L-methionine 0 0. 142 0.284 0. 426 0.568
BER & 45 calcium dihydrogen phosphate 0 1 2 3 4
S4k4E calcium chloride 0 0.8 1.6 2.4 3.2
AEBRBE phytase(5 000U) 0 0.01 0.013 0.017 0.02
411 total 100 100 100 100 100
A2 R (% T4 %) composition( % DM)
HEH crude protein 54.5 54.7 54.2 54.2 54.4
B WS crude lipid 16.6 16.7 16.7 16.9 16.8
JK4y ash 14.3 13.6 13.2 12.5 12.0
#% phosphorus 2.1 2.2 2.1 2.3 2.2
4E calcium 3.30 3.26 3.31 3.24 3.24
HIE R L-lysine 3.45 3.23 3.28 3.26 3.28
FE R B L-methionine 1.36 1.36 1.47 1.34 1.52
fEE gross energy (MJ/kg DM) 25.18 25.26 25.20 25.15 25.11

H:a. ESV Y (mg/kg kL) ,MgSO, - 7H,0,5 068 mg; KCl,3 020.5 mg; KAI(SO,),, 12.3 mg; CoCl,,40.0 mg; ZnSO, -
7H,0,253. 0 mg; CuSO, - 5H,0,10.0 mg; KI,8.0 mg; MnSO, - 4H,0,73.1 mg; Na,SeO,, 2.5 mg; C4H;0,Fe - 5H,0,1 633.0 mg;
Na(Cl,100.0 mg; NaF,4.0 mg

b. HERER (mg/kg FRl) , 4R A,38.0 mg; 84K D;,13.2 mg;a-AEFH,210.0 mg; BRI, 115.0 mg; L FH K ,380.0 mg;
AR EE,88. 0 mg;F R ,368.0 mg; MHER,1 030.0 mg; =¥ ,10.0 mg; HER,20.0 mg; 44 EK By,,1.3 mg;JLEE 4 000.0 mg;HLER I
B2 ,500.0 mg

Notes: a. Mineral mixture ( mg/kg diet) , MgSO, - 7H,0,5 068 mg; KC1,3 020. 5 mg; KAl(SO,),, 12.3 mg; CoCl,,40.0 mg;
ZnSO, - 7TH,0,253.0 mg; CuSO, - 5H,0,10. 0 mg; KI,8.0 mg; MnSO, - 4H,0,73.1 mg; Na,SeO;, 2.5 mg; C;H;0,;Fe - 5SH,0,
1 633.0 mg; NaCl,100.0 mg;NaF,4.0 mg

b. Vitamin mixture ( mg/kg diet) , retinol acetate,38.0 mg; cholecalciferol,13. 2 mg; alpha-tocopherol, 210.0 mg; thiamin,115. Omg;
riboflavin,380. 0 mg; pyridoxine HC1,88.0 mg; pantothenic acid,368.0 mg; niacin acid,1 030.0 mg;biotin,10.0 mg; folic acid,20.0 mg;
vitamin B,,,1.3 mg;inositol ,4 000.0 mg; ascorbic acid,500.0 mg

1.4 BEGITOH
hY M 4 2 é:l:l_f%
BraBdRg A #57E SPSS 11. 0 HitAT,
RARERTZH (ANOVA) , Habsiz 2.1 HKEE S KHERETE AT AR
5% (P <0.05) i, i Duncan B0 #17 L E ME2 BN, EHRE RS Ak
BT o, EE R A KR R H R R H R
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R BB R $0#E DO, D17,D35 1 D52 4 jH] 7o
BEZR(P>0.05),D69 HBEBEMK(P <
0.05), 4> %% 107. 77% . 1. 22%/d. 186. 37% .
59.86% 1 0. 98 ; FEE A& B3 I, FFH b A A A
¥R TR, HL D52 HHK, 25K
1.26% F1 4. 01% ; [Fl6t , BERF AR E B340, 1 LB
B BERA(P <0.05) , L)L D69 4[ 2. 56% K
BX; & B EHE TR E2Z R (P>0.05),

BHARTERYHN 100%
2.2 RNEmEEEELIER

M= 3w, R RERN I, 4 E .
mFEEHSFE MAOEASEMAAREE &4
LR EES (P>0.05), [l 40 b2 K 0 g
HEhE AR SRR 2 5 E TREE(P <
0.05) .

®2 WS ERKEEFERR AR

Tab.2 Growth performance and feed utilization of experimental fishes

mean +SE, n=3

_ . R diet
#44% index DO D17 D35 D52 D69
F1¥yE (g) initial weight 75.43 £0.07 75.63 £0.06 75.59 £0.09 75.69 +0.15 75.67 £0.13
k5 (g) final weight 182.41 +£3.94*  182.4 +1.78° 183.7 £3.31*°  175.29+6.58*  157.23 +0.36°
FHER(% ) (WGR) 141.84 £5.23%  141.16 £2.40*  143.01 +4.32°  131.6+8.82%°  107.77 £0.77°
¥eEERZE(%) (SGR) 1.47 +£0.042 1.47 +0. 022 1. 48 +0. 03? 1.40 £0.06* 1.22 £0.01°
EBFRYE(% ) (PER) 229.88 £4.74* 227.31+3.11*  232.95+4.67% 217.19+10.43* 186.37 +1.16°
TR R B (FCR) 0.80 £0.022 0.81 £0.01% 0.79 £0.02? 0.85 +0.042 0.98 +0.01°
FFERL (% ) (VST) 2.03 £0.12% 1.66 +0.09% 1.55 £0.03° 1.26 £0.07¢ 1.63 £0. 06>
B (% ) (HST) 4.50 £0.11% 4.28+0.11"¢ 4,19 +0.09>¢ 4.01 +0. 16¢ 4.75 +0.18?
WAL B H (% ) (DTI) 2.01 £0.03% 2.17 £0.03% 2.16 +£0.05% 2.28 +0.00° 2.56 +0.17°
FEY% BF (CF) 0.029+0.001  0.029+0.004  0.030+0.002  0.029+0.004  0.030 =0. 002
EBRTTEIE(% ) (PRE) 68.31 +1.31% 67.70 £1.32*  64.80+0.53®  65.24 +1.49° 59.86 +1.02°

E:RTHERAR MR TR ERBE(P<0.05), UTH

Notes;In the same row with different superscripts show significant difference (P <0.05) ,the same as following tables

x3 RESNKEREUER
Tab.3 Hematology of experimental fishes

mean +SE, n=3

_ Tkl diet
ind
4445 index DO D17 D35 D52 D69
STHIBE( x10°/mm? ) erythrocyte 2.41 £0.19 2.60 0. 14 2.16 £0.38 2.48 +0.27 2.26 +0.16
B4 s ( x10%/mm® ) leukocyte 2.77 £0.22 2.73 £0.07 2.44 £0.15 2.39 +0.17 2.55+0.19
MM ER A2 (% ) hematocrit 27.00 0. 612 23.21 +0.90° 22.12 +0.22° 19.90 +0.41° 18.63 +0.12°¢
YVEEBHE 77 (U/mL) lysozyme activity 46.31 +2.68* 44.97 +3. 822 35.23 +2.35" 19.57 £1. 45 10. 23 +0. 50"
135 F E (g/L) serum protein 26.23 +0.75 27.06 +0. 94 26.09 +2.96 23.87 +0.53 22.98 +1.11
14T % E1 (g/L) hemoglobin 41.64 +1.20° 39.66 +2. 532 30.52 +2.94° 35.97 £0.44°>  38.33 £1.01%
2.3 RS HMAAARSH .
R g o
REEBRILGIRE N, 28 TYRISEET R =D17
© wD35
FEfa#, DO 4 (27. 80%) B & ™ T D69 4 ® > aD52
aD69

(26.40% ) (P <0.05) , K (5 TYH) S&8
EWHR(P<0.05),D69 HEgE K 11.98% ,HEH
BRI SRS HRLEEER(P>0.05) (A
L) s [FBE, ILA T4 5 & 2 R Bl 3% n 2
BETRE(P<0.05) , BEHR BHFMKT &L
HEEREERF(P>0.05) (& 2),

HAR 3 x5
DM  crudeprotein crude lipid ash
EH1 RiaLeEHR
B EARFEIMINER T 23 83 (P <0.05)
Fig.1 Whole fish composition of experimental fishes
Data with different letters in the figure
mean significant difference (P <0.05)
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o DO

D17
o D35
o D52
o D69

aaaaa aaaaa

I )
DM crude protein crude lipid ash

H2 ReailAaEs
B rh AR F AR ER R 25 B3 (P <0.05)
Fig.2 Muscle composition of experimental fishes
Data with different letters in the figure
mean significant difference (P <0.05)
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3.1 IR ERI 4 K MEEERIR I

RIEARRR LR, Ed AR EERAK T,
LHEFREARBEREE T 52% &k, 23
JIESh TR FEE KR EARNE . EA
RUTRR Rk RS LB ERWH (P >
0.05) BFEHUE 1A T M#E, Toko Z #E%¢
B T485 ( Clarias gariepinus ) B)BE5E I R
MBI 30% WAkt HAE K RE T B E W
Bonaldo %[2] TR KB (Solea aegyptiaca) ¥ i
30% M EMIEBREH AEH A KT ESTER
YIREFI R . Smith 2 78 BESXHFER
BREBER 40% Bk A KL B E ¥
Ml

LR RILplREn HER 69% i), AR EK
PRI B T BF TFE(P <0.05) , A HRE, /]
REH FHREYHEE AP-SPUESR EFURBE ik
KAEEY, NT & R YRR, ER
P E AR AR R AR
HRIHEYEAD T AR AR Y
BOAAAHAR, AP EDE AT ERKE, X
R KRR AT E BER M BRY
BERERRN, S BERRARNAK, FRELAE
BRI I ISEORE  FEFTRIE QIR
RemEIM, MBS BER R (P <0.05),
PR 1 B L 3, 8 RS o 3 I Y AL B A R
4 RRIE N R YIH R, DB R A K
B2, BHNEARSRAHER D, A
PRI b2 F R a3, 3% 55 Wang 257 I M
B R IR F i £ ( Nibea miichthioides ) B BT
RERBN—, SEREEY HEYHEAS

A3 REF L A MBIR SRR
3.2 ABARES)IEE N HERENIE
REYRT

MAFEHREREASWY R, MAEASE
EARZ L T O Qi YA SR % S o P S R
. F3 B, AR E. mMEEESEM
MAEHSEREHRILTREERF(P>0.05),%K
HAFRERRERER)E, HFARTEAR MM
LK) 7 e, X 5 Barros Z™ 75 B K X B
(Ictalurus puctatus) PRI R E R B — .
Yang 2™ 7& St H A& 8 #F ( Macrobrachium
nipponense) WIBT 55, Fi N B ¥ A& & BI ™ i o
B AR 15% 57 50% , %t H AR ARl 4F i 1
MRS BT B ER W,

HAIM4 H 2R 2 H R &, iR b
F B35, BRI D, R R
REREN, SERAMARELE ', XXk
SROAMMBBESHRTTEEZEZR(P>0.05),
KHANBIFRRARERMEERE.

RN ZAE T s Y YA Y &
FPLHLR W K s, RAE Wik B B AR
R ERTZ—, EHRIUIRIREARPEE
BN, Vo v IR A 40 o A0 MO BE B, S
RAPNT L —ERE bR A i S R
HoRE T o AR £ I 40 LY R A T O
FHEEA A S REARSNARBHER,
B3 8 ah & e d e LRE R B T AR K
M. X5FEE™ EAENBERARARRT
4§38 ( Carassius auratus gibelio) ,Subhadra %% Fg
BHERALEEERAaBFEFRORS
( Micropterus salmoides) BJBFFE 45 R —3(,

3.3 ABRARNERIISGSEEEELRSH
2

REEEBR LA, A KN T YRS
EYETHBYE, X5 Wang % iR E G
( Nibea miichthioides) B SE G RN —F ;4
#BIRGREARE N ERIEMENE KM EL,
Toko %" BF 5 2% WA R 25 F Wi 5 1) T £ A O
o3& &, AR B TR I TR,
BEAIR T HEL RS X 78 77 W o T AL IR M B 2, 3 R
T BEUTR, FRE BT K S He 4 %R 1 o 6
HERERBN IR WA HEMER, A HHR
RRBRRISEBESBRINE R, K EE
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W LA RS FAKERNT BT ™, Sugiurna
TRy 20 D R [ 5 ) R A R 2 S
VY FAE S AR TR, AT A A K 5 8
AR, 2R RN T BER 55, B T IO
BT AL R R B T o b B L 22, SR
PR BERR — A5 IR B, &8 RS
BEII S A LTHBET RS XHR
KXot G 1% % H b T A 7E B WA (B 45 3 — 2B BT
%o

AR IS TR , 2 LI R E A
i B ENERYTREE2R(P>0.05),
Kikuchi™’ FIBAE S0 B R 45% 1
¥ )5, Xt 7 6% 48 1k 4 PR 3% B3 9 5% W Hansen
40N 3 K PG P48 £ ( Gadus morhua L. ) BIBFSL 45
RE, IR EA(NEEHEEKERSE
BEHEEMS) 225 REnHREAIHE S
10 AR & BB E M,

ERARKEMT, BRI #4a%ER
(WGR) B 4 K % ( SGR) M 24 Bl h da b 5
RIKFEIE, YRR & T 52% it 2 BER
15, TR T M ENBRRERR S, Wk, &
B 5 )| 40 £ DA ARDRH , (AR P2 A AR
THEAEHRNS R AR TR h R R
KT (B BB T B4R BB 1| B4 £ AR B
FEAEMFE ST E, RRB P, EEH
B RN KR T, P L TS YA
TS ) 20 LA S e B A B AR R T
—SETRFE BRI, B e SE bR AR 7 v N SR RIS
B pRRA, A XRFEEHES AT
B 1| 40 £ AL B T 1 R BR R D R P
SEREINE ST,
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The preliminary study on the effects of new protein
sources replacing dietary fishmeal on growth
performance, body composition and hematology of
juvenile starry flounder ( Platichthys stellatus )
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Abstract ; Starry flounder ( Platichthys stellatus) is the large carnivorous fish and demands diet with high
level protein. This experiment was carried out to study the effect of replacing fishmeal with new protein
sources in diets of juvenile starry flounder [ initial weight, (75.6 +0.18) g]. Five isonitrogenous and
isoenergetic diets (D0, D17, D35, D52 and D69 ) were formulated by regulating amino acid level with new
protein resources ( soy protein concentrate, dephenolized cottonseed protein, spray-dried blood meal, etc).
DO with 58% defatted fishmeal as the control group, fishmeal was replaced by new protein sources at four
levels of 17% , 35% , 52% , 69%. Five groups in triplicate were divided randomly for the 60-day
experimental period. At the end of the experiment, growth performance, body composition and partial
immunological parameters were studied. The results show that weight growth rate ( WGR ), protein
efficiency ratio (PER) and specific growth rate ( SGR) of DO are 141. 84% ,229. 88% and 1. 47%/d,
respectively, no significant differences occurred among D17, D35 and D52 (P > 0. 05), but D69 is
significantly low at 107. 77% ,186. 37% and 1.22%/d (P <0.05), respectively; Feed conversion ratio
(FCR) of DO is 0.80 and not significant to D17, D35 and D52( P >0.05) , but D69 is 0. 98 and higher
than the other four groups obviously ( P < 0. 05) ; Digestive tube index ( DTI) tends to enhance with
increasing level of new protein sources,D0 is 2.01% , significantly lower than D69( P <0.05) ; Condition
factors (CF) has no significant difference (P >0.05) in five groups. There are no significant differences
(P >0.05) in the contents of protein and fat in whole fish and muscle,while the mineral content in whole
fish increases with the replacement of fishmeal; erythrocyte, leukocyte,hemoglobin and serum protein have
no significant difference( P >0.05) among groups, but increase of new protein sources has some negative
impact on hematocrit( HCT) and lysozyme activity. These results show clearly that dietary fishmeal levels
can be considerably reduced without any adverse effect on growth performances for juvenile starry flounder.
Digestive enzyme activities, amino acid and the utilization of minerals of juvenile starry flounder are the
target of research at present.
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