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FEREEMBERENTXRETER ERKREABIZIN

MAE, ERE, XREC, AAZE, KEH
(1. BB PR K TR 90058 LUK 785 206003,
2. AR T AT ) BT 524094)

WE: UapmEXEaREEAR, BH o HEAFHN AR, L4 5 MR (C.CL2,
C25.C38 F1 C50.5) 2 544 0% 12% 25% 38% %1 50. 5% th F K & & ¥ DL X A 5L th & 8
Bl HA 1 MER(C50.50,,) &AL C50.5 Fah E4 7 1.8% SR 7 HE BB A4 (L-
lysine:1.2% ,L-arg:0.6% ), £ 7 A A KRKE, ERKAME AT ERE AR ERAT
MAE, KZEE(12.5120.02) g WEEE HEAKE AHREREARREHEE TR,
FARFEREAREENS0.5%0 AZHBRLEXEEFRTHALEA(P<0.05), L4EH
PEREARNGEMLT2NH , AETHTAEKELERTAHEA(C)(P<0.05), L4 #
FEKREANGEMRLI8D B, AN REMEARBTE SN BA(CO)MLEE THR(P<
0.05), C50.5 A MERE FEAKERMEGRZEYL C50.5 AMLAMAEAFTNAS 2
ZRADE, MANFTRAMEREEREEREG T AEZFNEARRE(P<0.05), AR+ E
KEANBERERTAEZFEERKY> HMEE MEHEK>EEHNLEEY W, AP EX
EARBRERTAZHNFH B _HARZACECT LR EZY N, AW, MEAR+TE

KEORERA, R B AR R TH(P<0.05).

KR K4 FXREAR; 2 £ K
FESES: S963.16

AR, AN B AS T A SR A
Fh, R T KSR B R R A T A T
PR AR 1 I 24 ok i P B Ok iR R A e R
[, E KK (corn gluten meal) & £ K il T
TEM IR TEAEA SR B afAER
B fl E AGHUEFRE TEE 2 A it fa
WoE &R E A R E A B ( Seriola
quinqueradiata )'*' . ¥ & #% ( Dicentrarchus
labrax) ") T 8% ( Oncorhynchus mykiss )™ | 7
( Paralichthys olivaceus )" | 4> 3% #§ ( Sparus
aurata )'°77 1L 44 & XF MF ( Litopenaeus
vannamei) " SR RS Y HEAT TR Z BT, X
SO R B E KRR E R RE RS 30% ~ T0% /&
A A feOoRy B TN K B B AR TR R
TERZZEE ( Scophthatmus maximus L. ) (BT %
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B, AN FE AR LR IR LT, FOR R R Bk s
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WFFEERVTFEAS SN S AR S IR A5 AN [A] FOK 2R
FIR AKX R 22 8 AR ARA B B A G
A FRARIR s e, LA R AR S B AR TR s
SRR, DL ok A E RS2 B4k v i g
AL Z KR

1 BPR i

1.1 sCEg4aEss

Phacky CHLEE ) 74. 3% ) FIFOREE FURy CHLEE
1 65.5% ) AE R TR, fal S0 AR SR A
YER BRI , /INZZ A VR BRI, BC ] 6 P45 A 55 hE
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MR kL, Hop 5 A kL (Co L C12,C25,C38 FlI 3.0 mm x3.0 mm [{F0RL, 76 50 CEE T T8
C50.5) A& A ARIRIBEEE (0% 12% 25% 38% 12 h, B —20 Tk .
F50.5% ) ) EREEHUBRNRMMMAaRE 1.2 @FEHE
Flo HA 1 FiiEe(C50. 504, ) SELEMREE C50. 5 FREE S AE P R A2 L TS 6 5 b
JERt EANTE 1. 8% FRIRZIERRIR A (L-Lys: 47, RAGF MK RS, B4 (300 L) kK &N
1.2% ,L-Arg:0. 6% ) . B F KAk 2% o7 45 1.0 L/min, 758 8 6] 7K R 45 il 24 (18.0 0. 5)
B 1, AR AR A L4 2., C 40K 28.5 ~32. 0, I A4 Fr7E 7 mg/L /2
WG EEb R AR (i 80 ) J5#edk 1 Bdr Ao I IRETREE 6T & 24 h B RN Y5
RG] ARG T IMA B ARG OREENE,  (12.51 £0.02) g (R4t K261 4) fa, il
F TR AR SN BORLRE L, T V RIS R A AL AT 18 IR (A4 3 N E
( LW RAE V0.5 B B A4 BIEFIMAKX &), B 18 Bk, &K P 2 &
2y 30% ZEAHKIE WL A, 4 3 sh ARl (08:30,18:00) , F M M G 7756 S i
(260, ILZR B SO PLAR) ) ol i BB . 177 .

F1 XBAMEFAULERS (%TFE) SHE

Tab.1 Formulation and proximate composition( % dry weight) of six experimental diets

JECR) i)} diet no.
ingredient o C12 C25 C38 C50. 5 C50. 5cpn

61§} fish meal® 61.00 50. 60 40.20 29.80 19.40 19. 40
Fo KB S corn gluten meal' 0.00 12.00 25.00 38.00 50. 50 50. 50
15 Y i 4 wheat flour 29.20 26.55 22.70 18.90 15.50 13.70
g oils® 6.30 7.10 8.10 8.80 9.60 9.60
K UI#NE soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
ek ZWR R vitamin mix® 0.50 0.50 0.50 0.50 0.50 0.50
W4 Uk mineral mix* 1.00 1.00 1.00 1.00 1.00 1.00
VC B RE (35% ) ascorbic acid 0.10 0.10 0.10 0.10 0.10 0.10
S KAARF% (50% ) chlorine chloride 0.25 0.25 0.25 0.25 0.25 0.25
s LR crystalline amino acids® 0.00 0.00 0.00 0.00 0.00 1.80
IR — A5 Ca(H,PO, ), 0.50 0.75 1.00 1.50 2.00 2.00
i %3 mold inhibitor 0.10 0.10 0.10 0.10 0.10 0.10
P4 L5 ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05
7857 25 e proximate analysis(n =3)

HE /% crude protein 50.08 50.01 49.87 50.21 49.33 51.32
¥BW/ % crude lipid 12. 64 12.78 12.58 12.93 12.88 12.89
JK4¥ % ash 13.37 10.88 9.36 7.91 6.81 6.84
MBE/(MJ/kg) gross energy 20.73 21.03 20.81 21.17 20.78 20.71

TE: 1. SR BB AR YREE BRA W CPE LA CHLEE 74.3% HUIRIG 7. 3% ; TR AR B LAY RHCA BRA R P EILA) #2
P M 65.5% s HUIRNGT 0.2% . 2. fagl: Tl =101, 3. 4B R BUR R (mg 5 U/ kg fiDkE) , kA3 A BEFRIR, 16 000 TU; k4% D,
2 500 1U; 2462k % E SRR, 2003 4875 % Ky (MSB) 5. 1348 2E % B, 24,55 35,363 12 BR45 ,58. 85 4 4E % By ,19. 85 4E2E % By, 0. 15 4
2,198 ;1R ,19. 6 ;4B M & 1. 25 JLEE, 784, 4. 0¥l ik ( mg/kg 1k}) ,MgSO, - 7H,0,1 200;CuSO, - 5H,0,10;ZnSO, - H,0,50;
FeSO, - H,0,80;MnSO, - H,0,45;CoCl(1% ),50;Na,SeO, (1% ) ,20;Ca(10,), (1% ),60; i 11 4},8485, 5. Mk EEMRIE S, L-
lysine:1.2% ,L-arg:0.6% ;crystalline amino acids( CAA) ,

Notes ;1. Fish meal , obtained from Qihao Bio-tech Company ( Shandong, China) , crude protein,74.3% dry matter,crude lipid 7. 3% dry matter;
CGM obtained from Qihao Bio-tech Company ( Shandong, China) , crude protein, 65. 5% dry matter, crude lipid, 0. 2% dry matter. 2. fish
oil: soybean oil =1: 1. 3. Vitamin premix (mg or IU/kg diet) ,thiamin 24. 5 mg; riboflavin,36 mg; pyridoxine HCI,19.8 mg; vitamin B, ,0.1
mg; vitamin K;,5.1 mg; inositol,784 mg; pantothenic acid,58. 8 mg; niacin acid,198 mg; folic acid,19. 6 mg; biotin,1. 20 mg; retinol
acetate , 16 000 IU; cholecalciferol,2 500 IU; alpha-tocopherol,200 mg. 4. Mineral premix ( mg /kg diet) ,MgSO, - 7H,0,1 200; CuSO, -
5H,0,10; ZnSO, - H,0,50; FeSO, - H,0,80; MnSO, - H,0,45; CoCl(1% ),50; Na,SeO, (1% ) ,20; Ca(10,), (1% ),60; Zoelite,
8485. 5. Supplied the following ratios,L-lysine:1.2% ,L-arg:0.6% to balance amino acid profiles.
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Tab.2 Amino acid composition( % dry weight) of six experimental diets fed
SRR A%} diet no.
amino acid profile Co C12 C25 C38 C50.5 C50.5¢c4a
KRAF IR Asp 4.07 4. 04 4.01 3.51 2.67 1.66
JE B Thr 1.77 1.72 1.60 1.41 1.38 1.32
225 /R Ser 1.87 1.83 1.96 1.69 2.00 1.96
KA R Glu 7.06 6.82 7.39 7.37 8.59 8.02
H%& R Gly 2.79 2.38 1.82 1.72 1.44 1.49
NER Ala 2.53 2.56 2.61 2.85 2.83 2.99
HEAR Met 1.03 1.07 1.01 1.03 0.95 1.15
BRI lle 1.87 1.49 1.48 1.36 1.26 1.30
ZRMR Leu 3.46 4.74 4.85 5.08 5.35 5.65
KRR Tyr 1.27 1.19 1.33 1.52 1.55 1.62
KNZE R Phe 1.81 1.85 2.15 1.94 2.42 2.17
HE W His 1.10 0.81 0.86 0.84 0.87 0.79
B Lys 3.21 2.34 2.01 1.46 1.22 2.29
i &z Pro 2.69 3.19 3.36 2.67 2.97 3.57
KRR Arg 2.68 1.93 1.74 1.61 1.53 2.19
Y EAA*® 16.93 15.95 15.69 14.73 14.99 16.86
Y NEAA® 22.28 22.00 22.47 21.33 22.04 21.31
Y EAA/ Y NEAA 0.76 0.72 0.70 0.69 0.68 0.79

2. SEAA TR EMR B M ;b ENEAA il AR B

Notes:a. > EAA sum of essential amino acids; b. > NEAA sum of non-essential amino acids.

1.3 #HREERKESHT

FRARIE S AT A7 1R 24 b A Rk B
A 0 R S5 o B i SR AR R, TH R RN KSR 6
PR . BRI S ~ 7 R TR Lo
Bro BLJE , BEARBENLAMI 6 R ARZEET, LI gHs A
BRI, 250 )5 43 85 i IF F - 75 CIR1E,
FH 10375 R [ 7 ol = 7 R PR 2 R o

FL AR ] RL B 53 43 A Y SR SCHR (12 ]
BTk Hop KA e oy 105 CHEF %
(24 h) 5 #H 2R A0 SRy B EG O AT, SR D i
TECATOR /3] 1030 B [ 5t A 143504 ; HLIE
05 00 7 DAy R ER 4 0 5 R IR 2 1 I kg A =
BET 550 THyBEH: (16 h) o B EERR I E Ky 6
N HCI 7Kk (24 h) 2k F H 37 L-8800 Y21 L i
B3 BT, S hE R A A i S R T (Parr
1281, 5 (=) W o IR o H vl = e R e A bR
R R R A A S T .
1.4 HESHISH

PO e A KR RCRE &R
Py & T D /N W

AR (FI) =100 xIx2/(W, +W,) x1

B K % (SGR) = (LaW, —LaW, )/t

TRk (FER) = fa Al di/1

H TR (PER) = (W, = W,) x100/1 x P
Hop w, () il W, () 43 5l S AR ) a1
1(d) RIEREE], 1(g) AR TP & i,
PRkt B A (%) o

R FH SRR 2 7 22 43 Bt (One-Way ANOVA) ,
AP ) 2% 5 i 3 (P <0.05) B, A Tukey [
Kb 47 2 BT BT A i dr ¥R A
SPSS 11. 0 {447,

2 4
2.1 EXREEAMEREMTAZFTEKREAR
FAERNZ I

2830 49 d By SR, DR OK 2R R X R
ZE T B R Y (£ 3,P >0.05) , X
HEZH (CO) R PRI B AP R Fe K
B PERCRE R A AR B EoRE B
R AR T i, K28 045 B 38 R A KA i
BIRCRMEE R EHE TREBEHE (P <
0.05) . AR} F K K & &35 50. 5% B, K32
BEE B 3 0 I T R R O & s BN H A 45
(P <0.05) ;fal el FOKER 18 & i i 25% B,
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FEEEPRR 8 A KR B N F X IR (P <0.05)
T Y e FOR R (0 & i 38% B, % Ab B
BRI RO 50T B2 A L 5 1 3 0%
S (P <0.05), C50. 505, 2K ZEOT A1 £ 4

SEAR AR AR S C50.5 4H LA Tt
R EA HZERAREE (P >0.05) , SR 1 7 0 &
TR IR B 35 $ 8 1 R 3 O A R AR (P <
0.05),

£33 EXEEMBEREMKEXNXEFEINEKEENZM

Tab.3 Growth performance of S. maximus fed diets containing various concentrations of fish meal and CGM

Tkt WIRIETR/ g ZORIERE/g BERE REAERE/(%/d) WRECE HEBARE SR/ %
diet no. initial weight final weight FI SGR FER PER survival
o0 12.51 47.19* 1.57¢ 2.71° 1.49° 2.98° 98.15
C12 12.51 43.30% 1.50% 2.53%® 1.47° 2.94% 98.15
25 12.51 38.15% 1. 442 2.27% 1.44% 2,88 98.15
C38 12.51 35.15% 1. 420 2.10% 1.18% 2.36 92.59
C50.5 12.51 30.11¢ 1.17¢ 1.79¢ 1.15¢ 2.33¢ 94.. 44
C50. 5¢can 12.51 30.85¢ 1.33¢% 1.84% 1.24% 2.41%4 94.. 44,
Pooled S. E. M 0.020 1.560 0.030 0.080 0.040 0.080 1.250
ANOVA
F i 33.426 11. 682 37.778 7.288 7.553 0.558
P{a 0. 000 0.000 0. 000 0.002 0.002 0.730

I R PEF P ARNG FRFIRAR 257 3 (P <0.05) 51,

Notes; The different superscripts of the same colunm values are significantly different( P <0.05) ,the same as following.

2.2 EXREAMERENNAEFTEEELE
240k A1

SEEGAE G, A A B R BT A AR oKk 43 L
F A ML RUR 73 5 BBt DL 3R 4. KEE B A iR
KA BB A 76.46% ~77.44% FHE A &0
FITE 14. 2% ~ 15. 44% , ML g W7 & & 30 [ 78
3.70% ~ 4. 47% , JK 4% O & 35 B 15 3. 37% ~
3.67% A A LR E =5 HEEE £

x4 BEAEEXRZAHEKREHKTRARLY
RESFEMEAR ( %BE)
Tab.4 Proximate composition( % wet weight) of the
whole body of S. maximus fed diets containing various
concentrations of fish meal and CGM

HER O K
Tkt Ko/ % (% wow.) (% w.w.) (% w.w.)
diet no. moisture crude crude crude
protein lipid ash
Co 76.61 15.44 4.47 3.42
C12 76.46 15.31 4.35 3.37
C25 76.80 14. 80 4.46 3.54
C38 76.71 14.94 4. 34 3.55
C50.5 77.44 14.73 3.70 3.67
C50. 5044 77.07 14.72 4.43 3.62
Pooled S. E. M. 0.152 0.107 0.107 0.037
ANOVA
FH 0.872 1.613 1.421 2.180
P1{E 0.527 0.230 0.285 0.125

KR R LU B T e f A B 1 B A R R
(P >0.05),
2.3 EXREAWMEREWMITKEGMmEEMNIE
FREY R0

TR PR AR AR X K ZE B 13 H I =
BEARE R &I B & (£ 5,P>0.05), Bl
FE R EOKR R S R AT IR I e
TR, HAE C50.5 41 B K F XL (P <
0.05) , C50.50,, 415 C50. 5 ZHAH He 1ML 75 AH [ ety
FHE R H 525 AN B3 (P >0.05)

#5 EAEOMBEREB/KTRT MiKAEXEEIBIRRN
Tab.5 Hematocrit and biometric indices of
S. maximus at the end of the experiment

o MEHM=EE/  SUHEE IRER/
. (.mmol/. L) (mmol/L) (mg/L)
triglycerides  total cholesterol UN
0 3.83 3.43% 4. 64
C12 4.38 2.87%® 5.16
25 3.68 2.42%® 5.52
C38 3.54 2.41°% 7.26
C50.5 3.07 2.04° 6.14
C50. 5044 3.79 2.40% 4.63
Pooled S. E. M. 0.254 0.132 0.387
ANOVA
F1{4 0.382 4.772 1.211
Py 0.252 0.012 0.362
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27 FMAERK ST, B A EORE PR
FRY K- TH i, R 22 SR 6 R AR KR ]
BRICRME B R 2 TGS (P <
0.05) . —SBRF 57 B, fAl Rk v — 2 o (R HE 9 2R
IR R R (A A e K BB
Tk rp AR R T B ER BRI, AT
e K AR, B R E AR
N IE PRSI R g ST E N I SR
U 08 T AELE I AR B ) TR 2 B B AR
HE, FORE AR LG BT, R Y
JE D IS T RIS 110 5 5
FEAK . SO0 2s R B 21Dk} 1K B Ry & Bl i
25% W}, KEZ PR AR KR B IR T X B (P <
0.05) o Y] F R B REE AR 25% 1Yy
M B T AN B 0 RS2 0 A K 1T R 45 R S
Regost 25 FERE6T I RIFFE 45 AL, b,
TE4 B0 IR AR R AR E A B
FE & B K ER FR BEAE R AR b R o0 f
AN S0 P AR A 385 A TR I

SN 7K IR HE ) B R Y R 2R 32 A
FEIE R AL RAR R SR A i
R N 2R S5 K Uk iy 22 PR M AR R
MFOKRE M 0% 34 mF] 50. 5% B, fa) ki 24
PR FORE 2R K- 43 M 3. 21% Fi1 2. 68% [EAI% 2]
1.22% F11.53% ($2) . TEHBCGEMISHIYIE A
FIRI &R, AT 22 e 8 i R 2 i ke 4
FE B AR B R (ELTR I A S R AL
R GE  AIIEE NN 52 WA 7 4 45
PR 22 RS2, T 1 A 20 255 1R O AN R 2 v A ) 2
FURH™ o R, M 22 O BT 5 50N 0. 25 Rk
A SR it A 2 3 TR AL T 44 5 L 4 2 1 1) )
FIHET20 AEARBETE R, C50. 5an HRSEBFAY I L
TR A KRR AR S C50. 5 41 4H L AR
AFtEr g B EZER(P>0.05), #N
b AR IR o P i T OREE I R OR (P <
0.05) , Tt B VR I i 1% 2L 56 I o) 48t v R 22 6 %o A
Y AR A ER, HSCRE 7 Tit—25 0158 .

FEA SIS 21, BEE R EORE &
SETh R, REE B AT o R [ i T R, HAE
C50.5 4 it B E R TXHEL (P <0.05) . X 57
KP4 PR b (Salmo salar) ™' Vi 5 652 42 3k

) 2 BT LS AR L KBRS R W M)
B[ RAT R R ROR 3 AT R BN 4 2 1
A AR TR 2 DUE SR N T A BT fiE
2 AT R SR VR IS T 300 2
TR
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Replacement of fish meal by corn gluten meal in diets of
Scophthatmus maximus

LIU Xing-wang', MAI Kang-sen', Al Qing-hui'*, LIUFU Zhi-guo', ZHANG Yan-jiao'
(1. The Key Laboratory of Mariculture of Education Ministry of China ,Ocean University of China ,Qingdao 266003, China;
2. Guangdong Evergreen Feed Industrial Co. ,Lid ,Zhanjiang 524094 ,China)

Abstract: The corn gluten meal(CGM ) was evaluated as a replacement of fish meal (FM)in a practical diet
formulated to contain 50% protein and 12. 5% lipid. FM was replaced by 0% ,12% ,25% ,38% ,and 50. 5%
of CGM(C0,C12,C25,C38 and C50. 5)respectively. And another diet( C50. 5.,, ) was supplemental with a
1.80% essential amino acid ( CAA ) mixture ( L-lysine: 1. 2% , L-arg: 0. 6% ) based on the diet C50. 5.
Juvenile Scophthatmus maximus(12.51 +0.02 g) were reared in an indoor , semi-closed recirculating system.
Each diet was randomly fed to triplicate groups of 18 fish per tank (300 L) arranged in a completely
randomized design. The fish were hand-fed to satiation twice daily for 49 days. At the end of the feeding
trial , feed intake ( FI) , specific growth rate (SGR) , feed efficiency ratio (FER) and protein efficiency ratio
(PER) were significantly affected by the inclusion of CGM, with decreasing values as inclusion levels of
CGM rose. There were no significant differences( P >0.05)in growth performance between fish fed diet CO
and C12. However, fish fed diet containing above 25% CGM had significantly lower( P <0.05) growth than
those fed diet CO and/or C12. Supplementation with CAA significantly improved FER of fish( P <0.05),
and FI, SGR and PER of fish also showed a tendency to be improved by supplement with CAA. Body
composition , serum triglycerides and serum urea of the fish were not significantly (P > 0. 05) affected by
dietary treatments. Total cholesterol concentration in serum of fish was significantly reduced with increasing
dietary CGM level (P <0.05).
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