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1.1 XWHAaS5FERE

ARSZITF 2000 4E 11 A F 2010 4E 2 A A
FEL K PR B 45 W 2K 7 0F 5 TS Bl B 2
PR o SEER a0 F B0 S ) — A FREE . 5
6 5 FE 1R it A 5 [ 4 TE FR A (0.5 m* ) FERR
SLAERNG |, FRPEARR IR T AT 1A N A AR AR
ASEE— AR RN TS L R G
FAAT 2y ksl G AERHIR 9%, PRI TRDRE R B0 TS
AT EEPE S SEIR K R 24 K SR VK, V0 3E 48 h
Ja s, A R R KR R 20,5 ~ 25 C R
(33+1) pH 7.8 ~8.2 %% >5.5 mg/L, &
A <0.2 mg/L, G ALK F K S5 AR Ax e, H 4R
JeRaRf A (120 12D) , SZi A AE 12 m* (3 m x
4 mx1 m) K B ERFR14 d, LR AT A — 1%
BUAAS I /NS AH T, 3R (104, 64 +
2.76) g, Jf SVARRRER, fF 5L 50 A FE AL B T SE g A

FeAfh, B 3 AN, R 25 8
7TdEHHRIER SR, B RERMIK(09:00 Fl
14:30) , B E . RO RN (R 5T, B R K
80% fiAy, B4 RIFPRIRIHA AN 55 28 KA 49
Ko AT YRS
1.2 xIgEeE

DAk AR A AR R, IO 5 FPhAFR(35% )
ZEHE(19.00 MI/kg) 2 (22 AR AR ETERAE
AR, A S R U, 22 Bk O b Fe ) (3R
1) XHRZHLL 100% fa s A HIE (D, ), Hifth 4 21
AR EE Y AWEER ik b o = = AW R A QSR € P<<R i DR
A 1:2(D,) 1:1(D,) 2:1(D,) \1:0(Dy) ., frlk}
BCJT FIAE AL A 0 DL 3% 1o fRoky | R F i RN
BT A i U BR A F  HAB s T b
T IR s P IR A PR | AR sk 28y i s
it 60 B, FHZL ABLE K B4R 2 mm FURLR},
50 CRHTET 4 CHFEP RIS

x1 XBAMEATRELES

Tab.1 Formulation and composition of the experimental diets

g/100g,dry weight

JEt {ARLZH AR diet composition

ingredients D, D, D, D, D,
£ #5; fish meal 48.4 35.6 28.2 20.9 0
Al soybean meal 0 17.8 28.2 41.8 67.4
iyl + S fish and soybean oil 10.0 10.0 10.0 10.0 10.0
KRBLEH) cassava starch 23.4 19.2 16.7 11 7.5
A %k wheat bran 9.7 8.9 8.4 7.8 6.6
VC - iR if ascorbyl-2-monophosphate 1.0 1.0 1.0 1.0 1.0
S AL HEH choline chloride (50% ) 0.5 0.5 0.5 0.5 0.5
i FIR A vitamin mix! 2.0 2.0 2.0 2.0 2.0
B Y IR A9 mineral mix> 5.0 5.0 5.0 5.0 5.0
Ak2# ) composition as analysis
7K 43 moisture 6.32 7.79 7.96 9.58 7.51
H & E crude protein 34.99 34.88 35.49 35.53 35.14
FIE WG crude lipid 15.52 13.72 13.92 13.82 11.39
K4y ash 15.90 14.81 15.49 14. 06 14.82
JBE(MI/kg) GE 18.98 19.17 19.16 18.80 19.07

L i ZE A (mg kg FEFEE) : V, 6 500 000 TU, Vi, 840 000 TU, Vi, 30 000 TU, Vs 2 000 mg, Vg, 5 300 mg, Vg, 10 000 mg,
V¢ 70 000 mg, Ve 4 000 mg, Vi, 20 mg, D — A4 425 100 mg, M-z 700 mg, HAELE 47 000 mg, D — 12 245 20 000 mg, JJLFE 70 000 mg, %
T BERE KR, 7K 4> <10% ;2. P BR &) (g /kg TR T ) « BER — %45 0. 67 ZLERES 1. 67 1Bk 0. 16;MgSO, « TH,0 0. 67 ; iR
4R 116, BB A 0. 42, 5 4k4R - 6H,0 0.03;ZnSO, + 7H,0 0.21;CuS0O, - 5H,0 0.05; fiEe%E 0. 03 ; WL{k47 0. 03 ;CoCl, - 6H,0

0. 03 ;Celufil 44. 87.

Notes: 1. Vitamin mix:V, 6 500 000 IU, V, 840 000 IU, Vi 30 000 IU, Viy 2 000 mg, Vi, 5 300 mg, Vg, 10 000 mg, Ve 70 000 mg, Vi,
4 000 mg, Vg, 20 mg,Biotin 100 mg Folacin 700 mg, Niacinamide 47 000 mg, Calcium pantothenate 20 000 mg, Inositol 70 000 mg, Carrier
defatted rice bran, moister <10% ;2. Mineral mix:Ca(H,PO, ), -+ H,0,0. 67; Calcium lactate, 1. 67; Ferric citrate,0. 16; MgSO, - 7H,0,

0.67; K,HPO, ,1.16; NaH,PO, -
KI,0.03; CoCl, - 6H,0,0.03; Celufil 44.87.

H,0,0.42; AICl, - 6H,0,0.03; ZnSO, - 7TH,0,0.21; CuSO, - 5H,0,0.05; MnSO, - H,0,0.03;
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1.3 HmXERSWHIE

IWAERTAR & 1 d, B> A S SRR
BASE L BEYLIER 10 B, b 3 AT 5 FAE
SRR E 7 R 4y IR A R
2ol FE pIEE g R E SRR, IR
LA FESELHE . KAy RN K3 4% GB
5009—85 #fE 17 J5 ¥ M &, fig & ok AR Y
(parr6100 , USA ) il 2
1.4 HIEHH

HellE ] SPSS 11. 5 BRAF AT B 3R 5 2243
(One-Way ANOVY ) , Duncan [ £ 5 H %, ZU4E
LA mean + SD 75, P <0.05 HEFPERZ

FE K 2 SGR (special growth rate, % /d) .
a8} 2% FCR ( feed conversion rate) . Jii. 75 %% SR
(survival rate,% ) . AR i# J& CF ( condition factor,
g/cm’) JE{A I VSI( viscerasomatic index, % ) Jif
A Lk, HSI ( hepatopancreasomatic index, % ) . 1% g
[t MFI ( mesenteric fat index,% ) . 3% & & WG
(weight gain,% ) . % [ it % & PER ( protein
efficiency ratio, % ) . % & % FI ( feed intake, 100
g/d) SR AT

SGR =100 x (Ln W, —Ln W, )/1;

FCR =W,/ (W, - W,) ;

SR =100 x (N, =N, )/N, ;

CF=100 x W/L};

VST =100 x NEE (g)/ W, (2);

HSI =100 x FHE (g)/W,(g);

MFI =100 x i REAR I E (g) /W, (2) 5

WG =100 x (W, = W,)/W,;

PER =100 x (W, - W, )/P;

FI=100 xW./[tx (W, +W,)/2]
AP, W SEERE R (g) 3 W, S T Bt
(g) s Wy AP RHE M SR 5 N, SEEG 45 A B RGN, -
ST b e R 1 A SRS I (d) 5 Ly T2 ER 2
A (em) ; PR TR A R (2)

2 iR

2.1 EHEBEREHISETFEEKEENTN

AR Ay B R A R BRI AR 0 s R
T A KRR AT B S A5 (22 2) , SGR i ]
B R A G 2 )N AR AR [ A
0.44 ~0.078%/d, £ 410 2 7 B %, T4l
(D;)SGR 2} 0.078% /d , ¢ B 375 30 1] 1% 41 5 %
X5 K 2848 . PER BEGRDEL SR & B B3
BN, HAS AT N 2. 67% ~0.96% , %} B]
1(D,) 5 HABSL R A B %5 (P <0.05),D,
5D, D,5 D, 2R AREBE(P>0.05), WA
PER & T3 SE 30 41, 3= Dk} b ORI fE 25
A 5,0 7 0 PR 2R A F 3R . FCR B 5K
EREIHIZWIR R, D, 5 D, D, 5 D, # i ] 2
SN E . FUSER A SR 5 i i 0O S
X IR 80 T4 SO, TR R AL R B
FE2E R CF BRI & 3 inag /)y, HAz Ak
WA 3.29 ~2.94 g/cm’ Xt HRAL (D, ) 5 H A 52
WA W E2ZER . ALEPASEAZ B S

AR

R2 ENEBEREMNRETFEERHIZME

Tab.2 Effects of dietary fish meal replaced by soybean meal on growth performance of S. guttatus

2% parameters D, D, D, D, D®

) (g) initial weight 105.03 +1.46 104.. 60 +0. 70 102.87 +4.79 104.99 +0.58 105.70 +4.17
F # (g) final weight 130.67 £0.80" 121.03 +2.87° 116.33 +5.87% 114.51 +0.40% 109. 83 +4.14¢
WER(%)WG 24.42 £2.11° 15.70 £2.03° 13.08 0. 48° 9.07 +0.88¢ 3.92 £7.20°
FiE K % (% /d) SGR 0.44 +0.04° 0.30 £0.04° 0.25 0. 09¢ 0.18 +0.02¢ 0.078 0. 00°
AR % (% ) PER 2.67 £0.18° 2.28 0. 38" 1.98 +£0.16° 1.15£0.11°¢ 0.96 +£0.05°
Tkl £ %% FCR 1.07 £0.08* 1.27 £0.19* 1.44 +0.12° 2.50 £0.23°¢ 2.97 £0.15¢
(100 g/d)FI 11.87 £0.11° 9.35 0. 40" 9.12 0. 48" 9.33 +0.03° 5.81 +0.34°
AE B (g/cm?® ) CF 3.29 +0.21° 3.10 £0.29° 3.07 £0.35% 3.04 +0.21% 2.94 +0.18°
TEE % (% ) SR 100% 100% 100% 100% 100%

I A=A S HE T PR RAR TR F 2 5 (P >0.05) , RZ NI B35 225 (P <0.05)

Notes: Values in the same row with different superscripts are significantly different from each other( P <0.05).

2.2 EMEBEREMXRETFAERSIRMm
M ARAR X A UK I B A 22 AR

(R4 e LR RS 107 52 0 2 LR e 2

FAZH (D5 ) HUAG 5/ ME 19. 11% (% 3) o LR
R SRR R AR R O S RS
H4 (D, ,D,) Jili & B T e AR
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(Dy,D,,D;) s LA H FIFIK 43 5 fapRk v SR
BEA S E MR TR 1 52 4Rk 0K 52 )
FLOAREM T RANEN S ERER T RS
4, HHRE N 15.47% ~21. 35% ; ik
5 S B P ek b SR R B e s R
e, FLAE D 4S5/ M 12. 96 % 5 i SR & 41

JFFIEA o5 3 i TR M & AL
2.3 VSI.MFI 5 HSI

R T R HE W) AR S AR R R
Wil #58/1n o MIFL R HST [t As} e 0K 5 2 938 0 35
AR ER AL, H BRI VST 2 2%, D, 1 D;
IR AR T HALSLIRH (R 4) o

®3 EnBREaMmETEase AAMFEARRME( LUEET)

Tab.3 Effects of dietary fish meal replaced by soybean meal on composition of

whole body,muscle and liver of S. gutfatus( wet weight)

Dl D2 D3 D/l DS
4 /3 whole body
HE G CP 19.54 £0.21% 19.55 £0.18%® 19.66 +0. 31% 19.92 +0.25° 19.11 £0.23*
ML CF 7.68 £0.08* 8.28 £0.14¢ 7.90 £0.02%® 8.14 £0.13"% 7.86 £0.38%®
KoM 68.68 +0.45 68.69 +0.99 68.67 +1.17 68.00 £1.91 69.34 0. 63
K4y Ash 5.83 £0.07% 5.87 £0.06™ 5.70 0. 03" 5.95 +(.13* 5.71 0. 10®
HWLIA B4 muscle
M CP 20.77 £0.06 20.78 £0.23 20.93 £0.12 20.89 0. 09 20.84 +0.18
HAg I CF 3.73 £0.12% 3.85£0.10* 3.43 £0.09° 3.34 £0.05° 3.49 £0.15°
KoM 74.47 0. 76 74.39 +0. 81 74.65 +0.22 74.76 +£0.48 73.67 £0.48
JHERE L Tiver
HE L CP 13.09 £0. 442 14.66 0. 13" 15.04 +0. 20" 13.44 0. 30* 12.96 £0.01*
Mg CF 21.35 £0.04* 19.27 +0.02° 20.00 =0. 35° 15.47 0. 00¢ 15.49 +0.51¢
K4r M 62.63 +0.18* 62.73 £0.13° 61.26 +0). 34" 66.08 £(). 48¢ 67.72 0. 02¢

T AT S8 o TR R T B 22 5 (P >0.05) , L2 WA B2 57 (P <0.05) .

Notes: Values in the same row with different superscripts are significantly different from each other( P <0.05).

*4 EHEREHNRETE VSI.MFI 5 HSI #5500
Tab.4 Effects of dietary fish meal replaced by soybean meal on biological indices of S. guttatus

2%} parameters D, D, D, D, D,

JEA& Lt VST 7.38 £0.77% 7.49 £0.95%® 7.72 £1.25° 6.68 +0.72% 6.68 +0.83"
W7 g . MFI 1.46 £0.52 1.27 £0.38 1.70 £0. 64 1.58 £0.33 1.29 £0. 44
JIF{& [t HST 1.14 £0.25 0.99 +0.26 1.07 £0.24 0.96 +0.13 1.00 £0.17

B <Al — AT BB R B 22 5 (P >0.05) | L 2 LA 3 542 5 (P <0.05)

Notes: Values in the same line with different superscripts are significantly different from each other( P <0.05).

3.5 d
3.0 c
ﬁ 2.5
RE2 2.0
z= 8 15 ab b
= . a
£ 10
0.5
0 1 1 I I
D, D, D; D, Ds
AR
diet group

Bl AHEMRIESSAETEFCR EHXE
Fig.1 Relationship between soybean meal insertion
and FCR of S. guttatus in diets

3 e

TR WG AR AR T T 5 A 1
BRI R BA A , S AK ™ FR L X B AR
YA B R THE VIR . SR, OB Ui

BA VT WAEARHE: — 8 —-EA R EA
HOBY EEIRAY S R R PR (T AL AR T
WARE ST A5 ) A2 R U B I s — A R AL
RS ot (2R BB )R T 42 1 & i A
TOENT R A XA BT L
—E TR S B B WA A AL X
( Diplodus puntazzo )™ . 4= < #§ ( Sparus
aurata) "' VG 2 ( Gadus morhua )™ 4T
( Pagrus major )" | 7 # ft ( Rachycentron
canadum) "' BB ( Dicentrarchus labrax) "™ F1HT
i ( Oncorhynchus mykiss ) " [/ 5535 L) B 11 &
T TIRARIBIIE . DRI, ANl 20t 5Op
AR RS A —RE BBy R PR P
AR RERA A TR B, HRDR SR 2
FO— B P Bt A
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ARG RIS FEIME A AR LT
Fi B4R SGR FA7E P25 % . & TR Ak
4,234 49 d i, SGR 54U 0. 078% /d,
WG 3 3.92% ., FCR 5]l v GOR1 & 5 522 A
K(EI1), Dy 2HHUAS i KA 3. 925 PER Jifi i ¥ v
SRS Rz ¥/, D, 5 Dy (D, 5 D 4]
A B, TR G A T
ffi SGR \FCR ,PER 3¢ 1 i 2% , iX F2J& i T M
HRUE SR AR VR IE R AN T SO T R
fr 2. HEMEIE &I, $U8 F7 B 10K ™ 55 5l
XFGAEK HRE AR 7 e B S A
—SEMRN . Krogdahl ™ 45 Vielma 45 i
SR BTSSR T R L R e A £ S A T A
FFNEE A 3Ok B AR L AR K82, Biswas
2V S 3o i) SRR R R I AR R I, SIE T T 4L
B AR R X FRE R G0 & 3 5 TRk b s SR X
ZLH 8 ( Pagrus major) W44 2 SGR JHALRE )
EARYHBE R O B R A2, OF H B %
T 4 R TERHAE {EL 3 A IR il 17 55 3 2 A=
PEAR 2 5. Deng 45 45 1, BMIFT 51 & 1Y
FapRha )8 2 S BUE K218 W R N 2 —
PERHE FPER B, 5 1R FLREAIG, AT 5 B4 K 2%
1% BRSNS R AR R 2 B
FUEEAR IS0, {1 Van den Ingh % 45 i, fs
R SR AT DL R W g OB Y 5 R
Baeverfjord 25" ANy, i TOHIE K 0 % 2%
SRR R A0 M AL T, AR K IR B A R A
(R

S341IELEE X SGR WA % 5% 0, Elliow™** |
Weatherley 25" Koskela 252 35| %46 i ( Salmo
trutta) LT K05 ( Oncorhynchus nerka) )% % |)
W et ( Salmon salar) fiff T ¥ #%; Keembiyehetty
ST e B, L X 2458 4k iy 1. ( Morone
chrysops @ x Morone saxatilis & ) (A NS I
WEA BER 0, A S50 W 18], 5558 K A4 U
RIS 20.5 ~24.5 C, Wi I F A 344
KRB (25 ~29 C)IL, X1z FEOSE T a4
KAEREAEN— D REE,

SLER AR RN, B A e
AL 5w A 2% LA A & i S )
B GRS BT B E A OGS oA el
o i 50 B[] 28 S /N (H A GO 2H (D;) 1Y)
AR ERTHA LA, X EE R h

AR BRI = BB G S SR P S e, T
PRUEHUAR IE 5 19 AR B, MRS T R iE
1. Goémez-Requeni 25'*"'  Vilhelmsson 2% B
FERIL, YR T LR/ AR L7 R &
DI A R . R AR D A
NS RS 2, B RO T ORI S T
EAZBXRABIFRAR D, ARELILE R BN, T
JEEE B SR SRS BT R S G
o XA REIE A EURIR H A by 3 B sk
e rE R 175 e — Ll )l A e B DR T
%, T 3O E A B A SR BT SR 9, Martin
SIS S B, WGt DR R 30% Y BRI 1
BE AR SR . 3 T i 254, B RNE = T 4R
PN o AR I FE— R BRI DR &
FAAR AR FR BT G52 M Y B A7 7R 771 o

1 %ig

RN SR 0 A R B o TN AE ) 2 4
FRERA — E IR, 254 7% & SGR ,FCR PER |
FI S48 05, nU0E 1 e b SR ot LA B
KT 122, (HIUAE 5 a5 5 10 2% 08, B AR
A LAGRE] 201
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Effects of replacement of fish meal by soybean meal on growth
characters of Siganidae ( Siganus guttatus )

GAO Rong-bing' , ZHUANG Ping'** , ZHANG Long-zhen®, LIU Jian-yi*,
HOU Jun-li*, FENG Guang-peng”, ZOU Xiong®
(1. School of Biotechnology ,East China University of Science and Technology ,Shanghai 200237, China ;
2. Key and Open Laboratory of Marine and Estuarine Fisheries ,Ministry of Agriculture,
East China Sea Fishery Research Institute ,Chinese Academy of Fishery Sciences ,Shanghai 200090 , China ;
3. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; A 49-day feeding experiment was conducted to evaluate the effects of replacement of fish meal by
soybean meal in Siganus guttatus [ with the initial weight (104. 64 + 2. 76) g] diets on fish growth
performance, body composition and biological indices and to determine the optimum soybean meal
concentration in S. guttatus diets. Five isonitrogenous and isoenergetic diets were formulated containing 35%
protein and 19. 00 MJ/kg gross energy. The replacement ratio( soybean meal: fish meal ) was 0:1(D,),1:2
(D,),1:1(D,),2:1(D,),1:0(Dy). S. guttatus which were fed to satiate twice daily, were cultured in
conical rearing tanks(0.5 m®)with 25 ind per tank and three replications per group. The results showed that
the growth performance of S. guttatus was significantly affected by the concentration of soybean meal in the
diets. Weight Gain( WG) , Special Growth Rate ( SGR ) and Feed Intake ( FI) had a negative correlation with
diet soybean meal concentration. WG and SGR were maximized when fish were fed with pure fish meal,
24.42% and 0.44 % /d,respectively. Significant differences were observed in SGR in each group. The value
of FI in D, was significantly higher than that in D;. Feed Conversion Rate( FCR) had a positive correlation
with diet soybean meal concentration. The lowest value of FCR was found in D, ,but there was no significant
difference between D, and D,. There was also no obvious difference between D, and D,. The replacement
had no significant effects on muscle crude protein and moisture but had marked influence on whole body
crude protein and fat. The lowest value of whole body crude protein was observed in D, (19.11% ). Liver
crude protein content tended to increase first and then decrease, with increasing soybean meal concentration
in dietsi. Liver crude fat in higher soybean meal concentration diets is significantly lower than in lower
soybean meal concentration diets. The replacement had no significant effect on biological indices except
Viscerasomatic Index. The replacement ration should be less than 1:2 in S. guttatus diets based on SGR,
FCR,FI and some other parameters. However, considering the muscle quality of S. guttatus, it is indicated
that the replacement ratio could amount to 2: 1.

Key words; Siganus guttatus; protein replacement; growth performance; body composition;
biological indices
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