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BE: U EMI A Y EEs R R GR, TR R F LR 2R A
Tk kB EMEREE T, RiT413:1.2:1 11 WHXHFEYEALNE
RE AT T, BT H A RBRAR, 22 &£ 7R % D1.D2.D3 f1 D4, T4 47 & L4 B2
RAREFERKRAGHBERAFNOOL) , E3Fa@Eg—-FAR, FRAREREAHN2 K, &
RKREBFR A, ARH N 56 d, NI ER(WGR) JEH FHK (FCR) (€ £ K £ (SGR) . &
B 3% % (PER) | F k48 % (HSI) \ JE#% )& (CF) . & R R 2 Fn @ B i A WK 48, & & 1A 8
PARALRANERBERERRAATENEARER. EXNERFA(BUN) A HH A8
(GPT) £ ¥ # 4% (GOT) . BB R (FFA) . X Z A (TP) . Ha =8 (TG) . L E &
(CHO) & % Jle % & J2 1l 8 (HDL-C) XK 5% % f5 & & JE [E 8 (LDL-C) % £ L3645, A KA
HEAHEMERER AN TEEaRR MM EH R BN D W I LA WH M,
WGRPER 2 SGR # #f 6 {i ,FCR Z ¥ im, YR P E M WA A 24% U LR ZF EF(P<
0.05);HSI Z#i¥/m, E D1 41 B F KT HML(P<0.05);CF & & % BK(P>0.05),& &
KA BN I G T E W A, M B A MR R 2 B U B W AR,
Hd,D3.D4 M A4 E R ERT DI 4 (P<0.05), AR & B4t 36 dm, F 7 o %
BUN #ufif i TP 4 & 2 & ¥ A% (P >0.05) , T du 3% GOT ¥ 4 . ¥ GPT ¥ 4 fn if i FFA &
EZZHBRK(P>0.05) ; F 4 fn 7% TP FnHDL-C& & M B 0 &R &0t B 1 3 m 77 AR (P
<0.05) ,fu 3% TG FofFjIE TG 4 BN # %, D3.D4 1 B %% F D1.D2 41 (P <0.05) ;D1 4
% # o % CHO.LDL-C Fufif i CHO ¢ E B F K T HM 4 (P<0.05) R R KW, A A+
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mEAEGE O SRERNERE FREFR
AP EREE, RREEE, BRI K,
i, AEFEMAAEYEEAR" ", FRE
HA SN E AR, B8 2k A
W, REF AT, KLU R—ERENS
K PRV U 7T R o

ZF % ( Paralichthys olivaceus) &3 E | E K15
IKFRFEFE , T BB = RS B R, BT 3)
Yt B BRI MR , B BT 6T R R R e A
O H ) o5 B 50% LA |, S BEARARDIE AR , 1)
BHPEIA T — € Ayt E BB, A
BATHERER,’ITT 4 AR SMYES
FOR DR, B 5 B IR AR TP R E B RS AR
P tE LB, IRR R ERE A A
BEILE ST E KRB MM A R, S E

HOMELYIZE () (37 LR ), O Al R 28 D S
YrRRE T SR & U PHE A BB R IE TS5

1 MRSk

1.1 IR RRIES §

DLl A EE S YR AR, SRy R EM
Yk IR, WAt = b A X AR Bk oA sl
YR A WA, & 4 BRI E A SR
SHerRAL 7 (D1,D2.D3.D4) , S ¥ & A H
3R R 4:1.3:1.2:1.1: 1, ARy Bofa it Bl
B W2k 1, RIEEEEL S 6 BT A R
BT S 98% LA b3t 60 H 75 M, ek
FAPUBAFHIRIHL (CD4 x 1TS £ T RBfE L B
PL) A% 2.5 mm FRERURARE, BRR TR ET
-20 CUkMHRAE, & Ho

®1 WEMARREFKTE
Tab.1 The ingredients and composition of the experimental diets

% " —
Efefeﬁs( ) DI D2 D3 D4 raw Eﬁlﬁ%ﬁéeﬂ(: ;uan)
¥} fish meal 55.8 52.2 46.4 33.9 7 700
EK3 soybean meal? 11.1 16 24 41.2 3 000
a-3E# a-potato starch 5 5 5 5 5500
EPHER; shrimp head meal 2 2 2 2 3 000
R E2 AL brewer yeast 3 3 3 3 5000
EXFE B ¥ corn gluten meal 2 2 2 2 4 600
K EBEE soybean phospholipid 2 2 2 2 5 000
i £ P Bk squid visceral meal 1 1 1 1 6 200
Ifi¥; blood meal 1 1 1 1 3 500
% wheat flour 13.6 12 9.3 3.6 1 900
TFHSED, betaine 0.1 0.1 0.1 0.1 13 000
S 4LIERE choline chloride 0.2 0.2 0.2 0.2 5 800
a7 fish oil 1 1.3 1.8 2.8 5 000
&4 vitamin premix’ 0.2 0.2 0.2 0.2 55 000
£ % mineral premix* 2 2 2 2 3 500
= 37K nutrient level
TR dry matter 90. 25 90. 56 90. 65 90.47
HEH crude protein 47.04 47.03 47.12 47.07
HIEWS crude lipid 9.01 9.05 9.06 9.03
¥ K4y crude ash 9.35 9.21 8.99 8.51
A E G A/P ratio 4.04 3.01 2.00 1.01

L P EMARERRRERSE 4, 2. 130 CHATEL b, 3 4. 24 S0 HEITEREVEATRAFEE. KPHEIRT

-

Notes: 1. The reference price was provided by Chinese Feed and Raw Materials Network. 2. By heat treatment for 1 hour at 130 C. 3,4.
Vitamin premix, mineral premix were provided by Xia Men Hai Kang Biotechnology Co. , Ltd. . Values are expressed as fed basis.

1.2 Wi S5HFEE

R AR E R ROK - FEBARG RS
FIK = E N T F 0 T 8P4, IR E
(13.22+0.02) g, &K K(9.0+0.5) cm, F&F
BB RRNERKFERE T, BAE b

Y115 d 7, VB 150 mL/m” (9 F BV O
I, BRSO LM AR — B, BEDLIK
A 12 A BEFEWA A (900 L) , 4 3 #f, B 20
B, Fro A SR I R R o

R E R B, SR E] 2 5 8:00,
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1700, W HR K 2% ~3% , X BIFMAE , TRA
B, BRARERAERRE., GRWET
TRFRREL , < HITE VEFRFEAR , P R e % BT KK
WE, RIAAN—RUURE K, CIR A ER
IR, RSN BRI A, IR BRR R G
KARG,0.5 h R FRBEMIEM, HFikKky
1/4 ~1/3, MRS HUKE R . B BIRKE 12 ~
18 C,pH (8.0 +0.3) ,7%5%.(6.87 £1.30) mg/
L, 548 56 d,

1.3 BEmEEMSH

BEERE, 2824 h, BRal TalkRm
IKAYEERFRE S, FEDLEL 5 B h— A REAR, Bk
FREJGEHE, T 65 CHT , AR ®, =
P 5 d JERRE , A BH T -20 TiksE
R HREE, BT 2/ E B 51T FEEPLA
BAREEYLI 5 27 6T, 5 mg/L T HB#HITK
Frab s, FE A BB R, MR K R R, RSB S
mL —RHAETCE TS 48 N BRIk R L, BT 4 €
vk#F 37, LA 3 000 o/min F 4 CFE.L> 10 min,
GBS IR , AR B IR LA SR FEAR A BT B 3F,
RAEET 80 TrkFaARE; Fh 52 M5 , B £ ] 43
BB, 4> BIRRER , I RESEAR & 3R h— AR,
HF-80 CTRERN, FHEEEEER L
(W/V, 1/10) I AT 0. 2 mol/L fBelsEh 2% nh
W (4 C,pH7.4) , AiIREARSGFNAKESE
¥ ,3EL) 3 000 t/min, 4 CE.L> 20 min, B FER
BT -20 CrsEH &,

I3 9 R & & (blood urea nitrogen, BUN)
3k Fi Fearon [ )i ¥ , Il 1% 4% P4 %% & B ( glutamic-
GPT) Ml F E % A W
( glutamic-oxalacetic transaminase, GOT ) 3% Ff #fi
Bk, R 53 3 B 38 W b 1 25 8 1 1R (free fatty
acids, FFA) 3 48150, 5% H (total protein,
TP) RAZ Dl ak, U L HERE
BAE Y TR A R &l E . migMF
SHHH I =4 (triglyceride, TG) R GPO-
PAP i, IfiL 78 F0 55 3% %5 o fH [E B2 ( cholesterol ,
CHO) 3k fff CHOD-PAP ¥, Ifi.i% & % E B & H JH
[E % ( high-density lipoprotein cholesterol, HDL-
C) R ABHMEIRTIIEY: , L5 K% B 18 5 H JH & B2
(low-density lipoprotein cholesterol, LDL-C) 3%
RFEmIREL (PVS) — B Pileik, U Ligtr AL
FHAEEY TREEAR LA RN &N E,

pyruvic transaminase,

BB IR & 0 B ESR 31T,

A TR AR i o B LB IR B 1Y
W - HERSENERANKERE(BRA x
6.25) FARNi &8 2 R AR KHRE (28
R ) , K E R 105 TR TiREER,
K58 B E RS E 5L (550 €T), o
3% T AT E 3 H AR (weight gain rate, WGR) |
¥l &% (feed conversion rate, FCR) JFE4E K
R ( specific growth rate, SGR) . & H i 3k &
(protein efficiency ratio, PER) 3% £r # (feed rate,

FR) . JF&#8 % ( hepatosomatic indexes, HSI) . &
1% FE ( condition factor, CF) ;
WER(WGR,% ) =100 x (W, -W,) /W,
TR RE(FCR) =FI/ (W, - W,)
BEEKFE(SGR,d/%) =100 x (LaW, —
LaW,)/t
FEHFF(PER, % ) =100 x (W, -W,)/W,
BER(FR, %) =100 xFI/[ (W, +W,)/2]/t
FHR$8 %0 (HIS, % ) =100 x W,/ W,
JEW B (CF, % ) =100 x W,/L?
X, W, (g) A FHE R AP E (initial
average weight, IAW) ; W, (g) PR ALKK
{k T (final average weight, FAW) ; FI(g) }F3
BRABEFHER(XNTHE) ;«(d) AHEBX
W, (2) HPHBRABABARRE; W, (2)
hBRATEER; W, () W BRAKKKE,L
(em) HBRALZREK,
1.4 HiEaE
SR A SPSS 13.0 XA IR A E R 240
P (One-way ANOVA) , 22 BN LSD &3
TERWE ., PR FHE + friEZz (mean
+8D) FR,

2 4R

2.1 ARPEHEREMLOIX FEEEK L
A1 E A A R R

&% 3 41 5F #F WGR, SGR. PER . FCR . FR
CF M HSI M ELE R % 2, FEABF SMEBR
F0k EE ) B3 h0 , WGR R HT A, D2, D3 F1 D4
20 WGR 4331 D1 4K T 3.01% .8.28%
18.85% , H D3 H @B ZE KT D1 4,D4 4 BEFK
F D1.D2 # D3 41(P <0.05), SGR 5] WGR
Ra%—3, PER i [fE 52 106 ) b B G 3 hn
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MFEAS, H,D2.D3 #1 D4 4437t D1 4 B 2%
FEAR T 4.46% .7.61% F1 17. 37% ,D4 41 B E(K
F D2 f1D3 (P <0.05) ,{E D2 5 D3 42 BTG
BEER(P>0.05), FCR FEfFBH EHEBE A
3 LR 3G 0 T 2 5 i, D2, D3 il D4 45 53 5|
L D1 ZH3IN T 1.02% (6. 14% F118.42% ,
D3 4 E@EET D1 4,D4 4B E®T D1.D2 fl
D3 (P <0.05),/ED1 5D2 4. D2 5 D3 2

HEFHABE(P>0.05), D2.D3 1 D4 HE
& HSI 2+ 5tk D1 4 @& T 16. 00%
12.00% ,25.71% (P <0.05) ,{/6 D2.D3 1 D4 £
ZEHEBEZF(P>0.05), FRBATEHY
FR 7 CF Z Al FAB%E (P >0.05),

Fersh i E AR RS R R, D3 4EE
BAERAR, HYk b D2 4,D4 4B, B&H
ERABE(P>0.05),%1,%2,

=2 ARG EHERENETE LS F e K RIS E R AN
Tab.2 The effects of partial replacement of fish meal by soybean meal in diets on
growth performance and cost of weight gain for juvenile Japanese flounder

FE4R parameters D1 D2 D3 >4
TE(g) IAW! 13.13 £0.02 13.15 £0.03 13.16 £0.01 13.13 £0.01
g) FAW .37 0. .78 £0. .76 £0. .55+0.
FKBE(g) FAW! 33.37 £0. 952 32.78 £0.43% 31.76 +0.66° 29.55 +0. 13°
o) WGR .09 16. .38 3. .3314.7 .04 1.
WER(% ) WGR! 154.09 +6.98* 149.38 + 3. 88% 141.33 £4.79° 125.04 £1.01°
R R FCR! 1.14 £0.04* 1.16 £0.03% 1.21 £0.03° 1.35 £0.02°¢
o R .90 +0. .86 0. .80 +0. .66 £0.
IREEKE(%) SGR! 1.90 0. 06* 1.86 +0.03% 1.80 +0.04° 1.66 £0.01°
JiT o ) PER .44 £2. .94 £4. 75.94 £4. 7.37 1.7
EHRHE(D) ! 190.44 +2.18* 181.94 +4. 16° 175.94 +4.30° 157.37 £1.79°
FBEE(%) FR! 1.77 £0.02 1.78 £0.01 1.79 £0.02 1.78 £0.03
R (%) CP? 1.02+0.11 1.00+0.10 0.99 +0.05 0.99 +0.08
FFR$5%0(% ) HSI? 1.75+0.117 2.03 +0. 18 1.96 +0.31° 2.20 +0.09°
TR (ST/kg) price of feed 5.92 5.77 5.54 5.04
WE AR (J5/kg) cost of weight gain 6.74 £0.24 6.7310.15 6.70 £0.16 6.81 +0.08

1O EARRA 3 SRR E SR P + A2 2. 9B R 15 BANESERNTHE « infEE. RTRERNET

BAMRRRARNZERBE (P<0.05),

Notes: 1. Data from each dietary treatment are mean + S D of three replicates. 2. Data from each dietary treatment are mean + S D of 15 fish
per treatment. Values with different letters in the same row show significant differences (P <0.05).

2.2 ARPEHRERE WG SRS 1Y
=A10]
ARG & B FE R SR H B
BIXEINTFRAK (3% 3) ,D3 . D4 4143 HI 1 D1 48
2R T 6.00% .8.67% (P <0.05),{8 D1 5

D24{,D2.D3 5 D4 iz R EFABE(P>
0.05), kK& BREFEM P EMEBERaRT
B3 T 2, TR B 8 AR &
BB HREMR, BEHZRERABE (P >
0.05),

®3 EARDERERCEBETRE LGOI T KB S R0
Tab.3 The effects of partial replacement of fish meal by soybean meal in diets on
whole body composition of juvenile Japanese flounder

FE4R parameters D1 D2 D3 D4

K& (%) moisture 74.09 £0.76 74.19 £0.38 74.22 £0.49 74.35 £0. 19
HIZEE (%) crude protein 15.22£0.25 15.17 +£0.38 15.12£0.41 15.05 +£0.29
MERN (% ) crude lipid 2.43 +0.132 2.39+0.17% 2.37+0.19° 2.32 +0.06°
HK4y (%) crude ash 4.08+0.15 4.06 £0.31 4.02+0.28 3.99+0.16

I RPPUE D BRI 3 A FREARNE SUR R TIE « f2 B S RN AR 5 b BARERER . RITRERNEFEAM
RFRrAEER BE (P<0.05),

Notes ; Data from each dietary treatment are mean +S D of three replicates, and crude protein, lipid and ash are expressed as wet weight basis.
Values with different letters in the same row show significant differences (P <0.05).

2.3 ARPEHEREVIEOIXTEHEARNK  HE N LGRS, i # GOT
ikt A &AM GPT 1 h MBS, (B &4 Al 2

HRB AN T HEARABEERNESERE FAEE(P>0.05), 1 TP SEEFRBHE
F4, M BUN SEMAE TP SBEEFABTE  MBAEs AR RN 8 R EEeE, e,
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D4 20 D1.D2 41 B E AL 7. 93% . 14. 46% (P<0.05),
x4 ERGEHEREBHTRE LG E SRR B0
Tab.4 The effects of partial replacement of fish meal by soybean meal in diets on
protein metabolism of juvenile Japanese flounder
#H41 tissues FE4R parameters D1 D2 D3 >4
I3 serum BUN(mmol/L) 9.88+1.12 11.21 £2.74 11.87 £3.02 12.32 +1.47
GPT(U/L) 6.09 £0.37 6.02x0.12 5.68+1.09 5.74 £1.31
GOT(U/L) 8.04+£1.32 7.92+1.42 7.33x0.75 7.08+1.23
TP(g/L) 88.60 +8.31° 82.89 +6.55° 81.57 +7.23% 75.79 +3.86°
JFHE liver TP(g/L) 88.84 +7.92 89.99 +13.88 91.12+11.23 96.55 +12.47

E RPEENEANRRA 3 SRR NE SR E + o2 . RTRERNEFHEAHRRAARNZRBE (P<0.05),

Notes ; Data from each dietary treatment are mean + S. D. of three replicates. Values with different letters in the same row show significant

differences (P <0.05).

2.4 AR EHER S W53 F SRR B
FERRRIR I

ST ERR I IR E S R S5,
3% CHO.TG.LDL-C & WA b SR a
# HL BRI I 2 83 T ke, Kb, D2, D3,
D4 4 1l iE CHO & &35tk D1 HBEHm T
40.35% .55.14% 37.34% (P <0.05) ;D3 .D4 [
My TG 4B 8% % F D1.D2(P <0.05) ;D2,
D3.D4 £ 1fil & LDL-C & £ 4> H tt. D1 £ 3.3 3%
T 30.74% .51.94% .36.04% (P <0.05), 5
LDL-C B35 4L =48 &, & # HDL-C & & |
REARDRH SRR R EL ARG 3 I T 2 B R

%, D2.D3.D4 45351 D1 4 BEREMRT
11.49% .18.24% .33.11% , H D4 H-& EH &,
BFEMKT D2.D3 4H(P <0.05),

JFlE g CHO, TG & BB H 5 miE
CHO.TG & &7k #a#—%, v ,D2,D3.D4
HFFES CHO 845k D1 A B EFHmM T
19.83% .20. 66% .52.07% (P <0.05) ;D4 ZH Jit
JE TG & && %, BB & & T D1.D2 #M D3(P <
0.05) , /e FFA & E2FEF s SR an
VL) 64 18 o 77 28 ¥ B 1R, D2, D3 . D4 41 1 D1 4
S RIEET 9.94% ,14.08% .29.97% , (B RHA
BFE(P>0.05),

x5 ERhEHEREBETE LG 28 IR BRI
Tab.5 The effects of partial replacement of fish meal by soybean meal in diets on
lipid metabolism of juvenile Japanese flounder

#H41 tissues FE4R parameters D1 D2 D3 >4

IfiF serum CHO( mmol/L) 3.99 £0. 142 5.60 +0.72° 6.19 +0. 85" 5.48 +£0.56°
TG( mmol/L) 4.44 £0.40° 4.63 £0.522 6.80 +0. 56" 7.91 £0.53°
HDL-C( mmol/L) 1.48 £0.13% 1.31 +0.25° 1.21 +0.23% 0.99 £0.07°
LDL-C( mmol/L) 2.83 +0.222 3.70 +1.01° 4.30£1.13° 3.85+0.58°
LDL-C/HDL-C 1.92 +0. 312 2.91+1.01% 3.54 +0.63° 3.87 £0.47°

FFHE liver CHO( mmol/L) 1.21 £0.28% 1.45 +£0.42° 1.46 +0.16° 1.84 £0.19°
TG( mmol/L) 1.96 +0.18% 2.39 +0.25% 2.74 +0.24° 3.63 +£0.58°
FFA ( pwmol/g prot) 38.34 +£9.27 34.53 £12.35 32.94 +£2.60 26.85 +£5.59

T RPEENEAN A 3 SRR NE IR IE + o2 . RTRERNEFEAHRRAARNZRBE (P<0.05),

Notes;Data from each dietary treatment are mean + SD of three replicates. Values with different letters in the same row show significant
differences (P <0.05).

3 e

3.1 ARPEHEREREHESK=ANDER
HIXR

Fe g AMARL A A Y B IR SR E
BBV RB R RS, Ak, mk T
HHEPEA LN (4 ~3): 1 B F A K AR,

RATFEEB PR ERR LA AR, ZESE
# ( Pagrus major ) 8] H# AR ( Epinephelus
coioides) I BT, KEEERY, ARFHA
FEXHARF RS E A BERFE—EE
S, XMERTRSFEMLEMBLTHEFER
AP AR B Atk A
AEEBERNFERSEYEA L, BKARRZ
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BKEEFERRNERSEYER L.

DLy 70 SRR A N 2R AL L R B AR s
WE B, 45 R R, B SR Rk LAl 1
I, F e E R AR R A KA
HARCRIEZ T B, X R S Hof A 2K R
R . B TR RAKCE R B R
T R pRIE " ( Oncorhynchus tshawyischa) 1
R B AG " ( Nibea miichthioides ) 1) 15 £ Fl 4=
K, RETREEHPHFEIEFRMHET, R
HIHLEE RS & A S HEE
PSR B M L BIRE AR T A R RL R B Y
WS AT SEHMPRIERET, BRITE
Wl &R B % Peres % 197k, BN Hik
171 h BT R4, DUR W] BRI BR FE Se B B
FrETF (AN RE BB G0 BER R DL 4EE R
BHFE) . NARIERTLIA 4 Al s
IR R E . M ERMEERY
S RME, EEERNEAROEMR, FHit, 5K
60% A5 B 1 A IR 3 16k £ 2 K 1 BRI
FEMEHYEE QIR LI R ek, Fih
FHARMERZAR, W LA 55 4 5 RHRE
HORRINERCR ™

YEKHLRER T A LA TEE, X &
WREEFRERERYEF 2B S B HUK,
L e E YR A e, TRASXITHARER
REFE—ERW, R fia g ERREN,
A I FEARDRL b SRR Ak He B 3,
i BAEBH M BE, 5EFE A
Kaushik %" fBFST 45—, X RRRIAM+
YR B IRRH LB R, S AR E LB I
F (R B ERRERS) WA, 7R H L
1A Y AL B G 2 G, I E T AR A
7, T 5| B A RE A R, RT3 — &, B
B — R T U, T eI EAZA
Bhh ERE AN A K &M, 5 Zhou
22 s BT EE R
3.2 ARPENTREBILSINFHERES
e Al

ARI R R B, WE M B A L) i
m,EAoK S & BB A, WAAE S B AR
S BB, 5 Chou ' MEFE" 43
A oM A 1R R E H A (Rachycentron
canadum) Fp A4} (Acipenser sinensis ) B 45 R —

o AFFFP R SR LA 16% it
ForikNg S B BE R, R PR TR A B
ML SRR R TR MR , X 5T g
il Elangovan 25 43 51| i S8 QAR AR % o
AEBEFERE ( Pelodiscus sinensis ) F14: §8 & ( Barbodes
altus) KRS R —B, #H—PHARRY, ZH
B K )5 R & & 65 ( Dicentrarchus labrax ) fT
SRR AR R4 UG TS R, SR R e
2Nt BRI BB M IR T vt AR BT T LT
HETPEAR T £ 2 XDk R T T AL IR i BB )
XEARZR PRI RRY 5, PERE LA E
R IMAT ST IR TR BB AR, BAMRIEN,
Vi & BBE TR HL BRI T 3R
3.3 ARPERERaBLINTHEIRK
Lif:eb Al

3% TP F 2/ T BE-B B2 BE AT B A R 2
ERE AR ERBRO, FFIE TP 3 2/ N
A I RRI R ; ¥ B R R Py F R AU o A
HLAT AR AR, 2 588l AH, £ 1E
HIRET,GPT F A R R AR B R,
B RABINE , EE RS TR, AR TRERN
HIER, T GOT {& MR, BB R R A4 BUm R, 8
LAERRE =YK EE, B, GPT,
GOT &4 Rl S R 8 9 2 BRI o A B R
75 ¥ BUN 2398 5 R, T s
BB s ¥yik i & B AR B AR E AR ARG
%Ly MEB B9 38 A 1L H TP 7K 7 5 1 GPT
GOT Wik BA RIFH AT, AR KIE, EE
R LA 3, % BUN & & fiT
£ TP & & & W A&, MM TP & &.GPT
GOT 51 U 2R ¥ FEA , S5 pR g 4™ ot e 428
& ( Eriocheir sinensis) BT 4E 32—, Y
Pkt 2R L JEORH A5 B3 S0 55 R LR
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Partial replacement of fish meal by soybean meal in diets for juvenile
Japanese flounder ( Paralichthys olivaceus )

LIU Xiang-he'?, YE Ji-dan'?"* , WANG Zi-jia'*, WANG Kun', KONG Jiang-hong'
(1. Fisheries College, Jimei University, Xiamen 361021, China;
2. Xiamen Key Laboratory for Feed Quality Testing and Safety Evaluation, Xiamen 361021, China)

Abstract ; The utilization potential of soybean meal as an alternative protein source for fish meal in practical
diets for the juvenile Japanese flounder ( Paralichthys olivaceus) was assessed in the present study. Four
isonitrogenous and isolipidic diets were formulated to contain 47% protein and 9% lipid. The animal-plant
protein ratios ( A/P ratio) in the diets, representing 4: 1(D1), 3: 1(D2), 2:1(D3) and 1:1(D4),
respectively, were calculated by adjustment of supplementing proportion of fish meal (FM) and soybean
meal (SBM). Two hundred and forty Japanese flounder with an initial average body weight of (13.22 =+
0.02) g were randomly assigned into twelve 900-liter tanks equipped with a flow-through seawater system.
Each diet was randomly allocated to triplicate groups of twenty fish each. The fish were fed the test diets
twice a day at a daily feeding rate of 2% —3% body weight for 56 days. At the end of the feeding trial, the
fish were weighed by batch for the determination of weight gain rate (WGR) , feed conversion ratio ( FCR)
and protein efficiency ratio (PER) , and then five fish from each tank were randomly sampled and pooled by
tank for the analysis of proximate composition in the whole body. Another five fish from each tank were
randomly selected to collect serum and liver samples for the analysis of blood urea nitrogen ( BUN),
glutamic-pyruvic transaminase ( GPT) , glutamic-oxalacetic transaminase ( GOT), free fatty acids (FFA),
total protein ( TP ), triglyceride ( TG ), cholesterol ( CHO ), high-density lipoprotein cholesterol
(HDL-C) ,and low-density lipoprotein cholesterol (LDL-C). WGR, PER, and SGR of Japanese flounder
decreased, while FCR increased with increasing SBM ratio in diets, and significant differences for the
parameters were found when SBM ratio in diets increased to upon 24% (P <0.05) ; HSI followed the same
pattern as WGR, and the values in D1 group were significantly lower than those of other groups
(P <0.05). The values of CF were not different among dietary treatments ( P >0.05). There were no
significant differences in whole body moisture, crude protein, and ash content of the fish among dietary
treatments, however, crude lipid content decreased as SBM ratio increased, and the values of D3 and D4
groups were significantly lower than that of D1 group. There was a tendency of marginal increased BUN
content in serum and TP content in liver of the Japanese flounder with increased SBM ratio in diets, whereas
the opposite trend is true for GOT, GPT activity in serum, and FFA conten in liver (P >0.05) ; TP and
HDL-C content in serum ( P <0.05). Serum TG and liver TG content increased significantly while the A/P
ratio decreased to below 2: 1 (P <0.05) ; serum CHO, serum LDL -C and liver CHO content of D1 group
were significantly lower than those of other groups (P <0.05). These results indicate that higher ratio
replacement FM by SBM (D3 and D4) in diets could adversely affect the growth and protein and lipid
metabolism of Japanese flounder, and the optimal SBM ratio in diets was 16% based on the results of
growth performance, body composition, protein and fat metabolism indices, and cost of weight gain in the
present study.
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