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Tab.1 Formulation and nutrition levels of experimental diets ( dry matter) %
24 5] Groups
JEUR} Ingredients IEXS R XA RIAEIERA  mERA siaEd BRIEd RAd
pPC NC CAA FS SUP Sp Mix

114 Fish meal 60. 00 40.00 40.00 40.00 40.00 40.00 40.00
K 1% 5 M Fermented soybean meal 0.00 12.50 12.00 6.50 8.50 6.50 6.00
EKHEEH Corn gluten meal 3.00 15.50 15.00 9.50 11.50 9.50 9.00
1fiL 43 Blood meal 4.00 4.00 4.00 4.00 4.00 4.00 4.00
A ek Wheat gluten meal 4.00 4.00 4.00 4.00 4.00 4.00 4.00
N % 1 Brewer’ s yeast meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00
a-JER) a-cassava-starch 4.00 4.00 4.00 4.00 4.00 4.00 4.00
1yl Fish oil 4.20 4.70 4.70 4.20 1.60 4.70 3.80
K E#EREHH Soybean phospholipid 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Z4E Vitamin premix<]) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
£ Mineral premix‘? 1.00 1.00 1.00 1.00 1.00 1.00 1.00
TR — 445 Monocalcium phosphate 1.00 1.00 1.00 1.00 1.00 1.00 1.00
=% 4L =% Chromic oxide 0.50 0.50 0.50 0.50 0.50 0.50 0.50
T LT 4 & Microcrystalline cellulos 2.00 2.00 2.00 2.00 2.00 2.00 2.00
WA# Zeolite powder 11.00 5.50 5.90 8.00 6.60 7.50 7.40
E4K Lys Crystalline lysine 0.00 0.00 0.69 0.00 0.00 0.00 0.00
fH1A& Met Crystalline methionine 0.00 0.00 0.14 0.00 0.00 0.00 0.00
73 Fish soluble 0.00 0.00 0.00 10. 00 0.00 0.00 4.00
i f1 8 Squid paste 0.00 0.00 0.00 0.00 10. 00 0.00 4.00
T MR FF Shrimp paste 0.00 0.00 0.00 0.00 0.00 10.00 4.00
THBREE Phytase 0.30 0.30 0.30 0.30 0.30 0.30 0.30
J43 434 Proximate analysis
HIZE 4 Crude protein 51.36 52.36 52.23 52.29 52.85 52.75 52.47
FAEHT Crude lipid 11.19 10.39 10.21 10.90 11.03 10. 64 10. 66
K451 Ash 21.22 14.69 14.36 17.99 16.28 17.62 18.33

T (D) ET AR AP &4 4% A 1600 000 TU, 44 2% Dy 800 000 1U, 4itk % K, 1.47 g, 44 B, 1.78 g, 4tk % B, 4.80
o, UK B 2.95 ¢, 4K B, 0.02 ¢, 44K E 16.00 g, 44K C(35% ) 80.00 g, WML 7.92 ¢, 2 RYS 7.36 g, MR 0.64 ¢, EW R
0.06 g, L 32.00 &, LTI 150.00 g, L AR 10.00 g, (2) 4 506 90 & 95 h 45 4750 ( CuS0, ) 0.20 g, 5% (ZnS0, ) 3. 44 g, 5
(MnSO,4) 0.62 g,4k(FeS0O,)2.11 g,filt[ Ca(105),] 0.16 g,fifi( Na,SeO;) 0.02 g,%4(CoCl,) 0.02 g, (MgSO, - H,0)5.27 ¢,

Notes: (1) vitamin premix ( per kg) : vitamin A 1 600 000 IU, vitamin D5 800 000 IU, vitamin K5 1.47 g, thiamin 1.78 g, riboflavin 4. 80 g,
pyridoxine 2.95 g, cyanocobalamine 0. 02 g, tocopherol acetate 16.00 g, ascorbic acid (35% ) 80.00 g, niacinamide 7.92 g, calcium-D-
pantothenate 7.36 g, folic acid 0.64 g, biotin 0.06 g, inositol 32.00 g, choline chloride 150.00 g, L-carnitine 10.00 g. (2) mineral premix
(per kg): Cu (CuSO,) 0.20 g, Zn (ZnSO,) 3.44 g, Mn (MnSO,) 0.62 g, Fe (FeSO,) 2.11 g, I [Ca( 105),] 0.16g, Se (Na,SeO;)

0.02 g, Co(CoCl,) 0.02 g, Mg (MgSO, - H,0) 5.27 g.

1.4 KIS

TRDAE A £ P K 23 (90 SR T 105 C
fi YR T 2 T 0 5 LK 43 SR T T 3 T 550
C B Z R T 5 KL 7 R A G005 - 7 I 0 5 4L
R SR 4 1 ShELIRE AU (OPSIS, Bt i ) ) 5 5
TR FEfE Y Cr,0, R DIVAKARAN 21 57
HEIE
1.5 SEBHHF

TRDAE 21 204 B R o i 0 S 2 R 4 S
UV VRS VR R L Sl R R R i
A 10 mL B0 ef A Y K i (R 5 K
AR LA 3: 1), B ShWHE S8 WP 3 min, SRS
TN 7 S A 49 5 30 min, T+ 8 000 r/min 7E

E 3l

= /N
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4 CTEL 15 min, B WL RS % 50 mlL 25 4t
JrR UL T b A T BRI 2 R, s A O

VR E A PR R SIS AR, 4 00.22 pum

B dE AR ug , DB LI E o AR TR 1 R
FIZEE WATERS-TQS A (315 S 156 A G 7E

LR N 2 R PR /K Mk , 6 e MERf R i
FESA T AR T, A 15 mL R (6 mol/L) ,
EZ A2 e R R 3 K R
BT 110 CHfel EiH AL 24 b, fFiH A o8 sUR R
FOHU BT 20 v 50 R v JUR R dh 208 400 I8
#1100 mL Z i, AT 20K 52 o I
JUEAR, B A BEZE . WD mL AR
FBE 445, T/ e s TR A 25 T £ 3
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AR BTN 4 mL BRE LR B (pH 2. 2) i
£20.22 pm 98 EALIE . EAERR G ORI

[ SYKAM S-433D 4 [ g @ SR Hr A 2

R2 ZIBARIERSE(TUR)

Tab.2 Amino acid contents of experimental diets ( dry matters) %

2 51 Groups

BB Amino acids TEXFHE e RIAERERY @Ekd siawdl EmIE4d RAed
PC NC CAA FS SUP Sp Mix
Wi E IR EAA
JRalR Thr 2.18 2.08 2.05 2.04 2.14 2.21 2.11
5k Val 2.78 2.51 2.60 2.53 2.50 2.54 2.60
HEAR Met 1.25 1.10 1.28 1.13 1.15 1.18 1.17
SEER e 1.83 1.83 1.77 1.84 1.73 1.81 1.75
5 Leu 4.03 4.51 4.57 4.35 4.65 4.31 4.39
HN B8R Phe 2.06 2.21 2.21 2.13 2.12 2.14 2.06
HEA R His 1.91 1.77 1.78 1.73 1.70 1.81 1.81
WA Lys 3.75 3.21 3.86 3.64 3.27 3.68 3.47
KR Arg 2.72 2.48 2.42 2.55 2.62 2.39 2.40
LT IR NEAA
%R Pro 2.89 3.13 3.00 3.09 3.24 3.10 3.02
REE R Asp 4.60 4.44 4.46 4.67 4.65 4.60 4.64
AR Glu 7.59 8.42 8.35 8.09 8.08 8.39 8.30
225 Ser 2.32 2.54 2.57 2.29 2.47 2.34 2.37
H 4 Gly 2.61 2.40 2.37 2.62 2.29 2.41 2.55
HER Ala 3.58 3.35 3.32 3.32 3.12 2.88 3.09
B4R Cys 0.45 0.48 0.43 0.41 0.45 0.48 0.53
58 Tyr 1.45 1.59 1.54 1.58 1.77 1.57 1.63

TP AR S I A8 , ST HERAFR 5 A Al I
A5 mL BT A 4% B KRR W,
LB A8 T B 3 min, SRS HCAGEE 75 S0k A
A1J5% 30 min, T 8 000 r/min 7£ 4 °C F &.0> 15
min ¥ FISRFER R S0 mL 25O, TTE Y
M BRI 2 W, e 6 0F BRI IRE
)RR, B RS E AL, £ 0.22 wm F 2
PE AR I8 DR E LI E o i B R IR A R
E[E SYKAM S-433D 4> H 2 5L/ 73 A A I & o
W23,

1.6 HEAXSHESIT

A S B R ] SPSS 19. 0 AT B R 5
Z/3#r (one-way ANOVA) , p /KR P <0.05,
Z T LR ] Duncan [R5 J7 12, S2 50 %0040 D
SEIH £ ARAfERR (Mean £ SE) IR

F,=F,/[ (N, +N,)/21/D (1)

PP O RE R, o/ (& - d) 5 F NEHEA

i, Ny IR AL R N WAKREL R D
SR RE, d o

Sz =N,/N, x 100 (2)

K e Sy HIFIE AR, % s No HWIIG I R N, M
KRREE .
Seg = (InW, —1InW,)/D x 100 (3)
e Sep AHEE AR AR, %/ ds W, AR TR
e Wo AVIERIRRTE g5 D XEREL, do
Feg=(W, =W,)/F, (4)
A F o ATRICR s W AR, g5 Wy N
VIR, g5 Fy NERHEAR g,
PEH:(Wt_WO)/Fp (5)
P P W EBUSCR W, AR, g5 W,
NIRRT, g5 F, SR AR H B, g0
Cy :Wb/Lb3 (6)
Aop:Cp HIEHEEE g/ em™ s W, KL, g5 L,
HEK em,

Hy=W,/W, x 100 (7)
Ko Ho BIAREL , % s W, I IERT &, g0
Vg =W,/ W, x 100 (8)

A Vo MR L, % s W, 9 I IEBCR g
Ape=[1 = (C/Cy) x(C/C)] %100 (9)
K Ap N E IR TR, % 5 C; g FefE
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HERYIREE,%; C, NER R ERY RS BURE, e F, IRAEHBRU, g0
", % ; CoNfkp Cr0; &8, % ; C o3 Lyy =D, /F, %100 (11)

Cr,0, &, % .
Py =D,/F, x100 (10)
APy A AR, % 5 D, W& BT

XA Lo FARWTULER AR, % 5 D, S A g 107 DL AU
g P, AR R, 8.

®3 HBRANEERERSE(TYR)

Tab.3 Free amino acid contents of experimental diets ( dry matters)

5] Groups

ST Amino acids IE X R T RAREIERRYL MR BUMATA EEITAL REed
PC NC CAA FS SUP SP Mix
T R FEIR EAA
B Thr 0.04 0.04 0.03 0.13 0.06 0.13 0.13
BEIR Val 0.05 0.05 0.05 0.18 0.10 0.18 0.18
ERR Met 0.00 0.01 0.23 0.09 0.02 0.08 0.08
SR Nle 0.03 0.03 0.03 0.16 0.07 0.16 0.16
ERIR Leu 0.07 0.09 0.09 0.32 0.17 0.30 0.31
KINER Phe 0.05 0.06 0.06 0.19 0.10 0.18 0.19
A% FR His 0.15 0.14 0.14 0.16 0.15 0.16 0.16
4 BR Lys 0.07 0.07 0.24 0.18 0.12 0.17 0.17
HREIR Arg 0.06 0.06 0.06 0.06 0.09 0.06 0.07
LG B HERR Total EAA 0.52 0.56 0.93 1.48 0.87 1.43 1.44
IR s NEAA
&R Pro 0.06 0.07 0.07 0.16 0.12 0.23 0.18
KRG Asp 0.03 0.04 0.04 0.18 0.07 0.18 0.18
BER Glu 0.07 0.09 0.09 0.29 0.13 0.21 0.25
2251k Ser 0.03 0.04 0.04 0.05 0.08 0.09 0.07
H4& R Gly 0.04 0.04 0.03 0.18 0.06 0.24 0.19
HNEMR Ala 0.14 0.14 0.14 0.23 0.19 0.24 0.24
Bea#z Cys 0.00 0.01 0.01 0.01 0.01 0.01 0.02
&S8R Tyr 0.04 0.05 0.05 0.17 0.08 0.15 0.16
AR TG E AR Total NEAA 0.41 0.48 0.47 1.26 0.74 1.35 1.28
SFAA 0.93 1.03 1.40 2.74 1.61 2.78 2.72
LB 1R Taurine 0.37 0.24 0.25 0.42 0.31 0.44 0.44
> 4k Sh, AR ZE R A B3 (P >0.05) o 7EfRITUL
“H

2.1 EEFEMIYKBEANBREBAKES
K FRGE LRI A B 220

H13& 4 F1 5 ] 1 453000 4 [A) A7 16 R 35
100% , < B #8005 2t AR VA X A B £ 1 770
R A, ATERRE A KR R B, NC 4
Fl CAA 2135 PC 41 1 F AR (P <0.05) , HoRx 4
BPCHILRFEZR(P>0.05), NC 415k
HOREAR, PC A S HARAKAMBY LN EER
(P>0.05), H:H DL SP 2 ff . SUP 4 SP 4%
AR 25 T NC 41 (P <0.05), % NC 41
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TR I NC A%, Hop g PC 4 % 2% =
(P>0.05) , HiiR A Al . EAVIEURLL FS
e, W3 e T SUP 401 NC 40 (P <0.05),
SUP ZH A%, NC 417k Z ,PC 41 .CAA 4 SP 4{
RAEHS FSHUERARE(P>0.05), PC4lM
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Tab.4 Effects of experimental diets on growth performance of juvenile hybrid grouper

5] Groups

f& 45 Parameters X AR FXIE AIREIRRA iR BREH R A jlEaei|
PC NC CAA FS sup sp Mix
B Bttt IBW/ g 9.53+0.01 9.60+0.03 9.60+0.03 9.60+0.03 9.52+0.01 9.52+0.01 9.50+0.01

g FBW/g

FsE KA SGR/ (% /d)
JEWJE CF/ (g/em®)
JIF{A 1L HSL/ %

JIE{& L VSL/%

125.16 £2.73*102.43 £2.31°107.20 +0.68"127.44 £0.07 126.54 +0.91* 124.79 £3.14*127.78 +2.15°
3.22+0.03* 2.96+0.03" 3.02+0.01" 3.23+0.00*° 3.23+0.01° 3.22£0.03* 3.25=%0.02°
2.74+0.01™ 2.50+0.04% 2.53+0.06 2.63£0.05" 2.66+0.04"™ 2.64 +0.03" 2.77 +0.02°
3.63+0.08° 4.33+0.12° 4.40+0.08° 3.89+0.04" 4.30+0.08" 4.09 +0.18" 4.27 +0.09°
12.34 +0.13%" 11.82 +0.23" 11.84 +0.18" 12.21 +0.03" 12.40 +0.10** 12.04 +0.24™ 12.57 +0.20"

T FAT R R AR A /NG F B R 22 5 i3 (P <0.05) .

Notes: The values in the same row with different small letter superscripts mean significant difference (P <0.05).

R5 KWAMNBIREBAE AR ANRm

Tab.5 Effects of experimental diets on feed utilization of juvenile hybrid grouper

251 Groups

47 Parameters IEXT AR Bk} B8 iR E R RA AR BLEEA AR RAU
PC NC CAA FS SUP SP Mix
BEFRF/[g/(B-d)] 1.11+0.03* 0.93+0.01" 0.95+0.02" 1.13+0.02" 1.11+0.02° 1.08+0.03* 1.12+0.01"
TARIEE FER 1.30 +0.01* 1.25+0.04> 1.29+0.02* 1.29+0.03** 1.32+0.02* 1.34+0.01* 1.31+0.02%
EEFRCR PER 1.91£0.02 1.87+0.05> 1.93+0.03* 1.92+0.05" 2.00£0.03* 2.02+0.01* 1.97 =0.02®

BRIFARA LRR /%
HEAEIIRE PRR/ %
ik AEESS VMRS
ADC of protein /%
HLIR I R L5
ADC of lipid/%

93.13 +1.45% 88.77 £2.91” 95.93 +1.63%> 95.46 +7.44% 93.58 £2.26* 99.37 +6.50** 105.49 +2.60*
42.76 £0.46 40.41 +1.17 41.09 £0.73 42.05+1.07 42.75£0.55 41.64+0.27 41.38 +0.48

93.51 +0.12% 92.63 +0.53" 92.62 +0.38" 93.20 £0.43™ 92.59 +0.11" 92.70 +0.35" 92.89 +0.34%

95.36 £0.05* 92.47 +0.31" 92.93 +0.21° 94.26 +0.21" 93.01 £0.07! 93.55 +0.18¢ 94.17 +0. 16"

< B B AN R R 22 5B (P <0.05)

Notes: The values in the same row with different small letter superscripts mean significant difference (P <0.05).

22 BFUIVMAKBESXNBREEARES
BAN R A K SERANKIT

A5 R0 B 4 0 R 2R 3 FORLIS 17 5 ) 38
A EMZER (P >0.05) ,H NC 4Kr 5

FRT PCHMES 4 (P <0.05) , SHARATE
F2R(P>0.05) fEefKkor & b, CAA 4
FFS 4H R T SUP 4 (P <0.05) , HAR4[H
Tl 25 (P>0.05), W3K6.

®6 LWARNBIREBANESKHERFNEGRIR)

Tab.6 Effects of experimental diets on body composition of juvenile hybrid grouper ( wet matter) %
5] Groups
bR Parameters TEXS AR PSP RS IR B E A it g MO 20 RAH
PC NC CAA FS SUP Sp Mix
7K 43 Moisture 69.50 £0.27 70.03 £0.08 69.77 £0.18 69.53 £0.21 69.51 £0.53 69.22 +0.30 69.12 +0.28
2 H Crude protein 16.82 +1.11 16.85+1.91 16.58 +0.58 16.99 +0.10 17.01 £0.19 16.36 +0.31 16.47 +0.15
HLIEME Crude lipid 7.97+0.09 7.38+0.11 7.57+0.14 8.01+0.39 7.78+0.24 7.85+0.47 8.10+0.15

JK4) Ash

4.58 +0.41%" 4.61 +1.87™ 5.01 £2.30° 5.24+1.05* 4.18 £1.48" 4.23 +0.70" 4.74 +0.77%

T R B EAR A R NG FREFROR 2R B35 (P <0.05) 6

Notes: The values in the same row with different small letter superscripts mean significant difference (P <0.05).

2 S 2H [B] 25 2 R A IR ARG = R R IR
AR ENZES, AR SUP i, HAaH
T EZESF(P>0.05) 4 RTE FS 4w H ik
Fim T PC 41, CAA 4 SP HFMIB G (P <
0.05) ; AR ERTE FS 25y, oA im0 i 3%
225 (P >0.05) ; SUP 45 &R & o dc e, Hoi &
T CAA HANE A 4H (P <0.05) ; BN A BR 1
PC i, FIRA B ZRARE(P>0.05) ;4

RIR G DL SUP 2 fig ey, AR AL ) 22 3 AN o) 3
(P>0.05), 7TEIEATEIER P, REER AR
e H =R e E R A AR B 22 5 (P >
0.05) ; [z IR LA PC 4 d5c i, HoRdl | 22 7 A B
F(P>0.05); 2% BRA1E CAA 41 i AL, ol A 4l
] 22 5 A % (P >0.05) s N BRAE SUP 4 v i
B FM R, AR dlm e E 25 (P>
0.05), W7,
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Tab.7 Amino acid contents of whole body ( dry matter) %
5] Groups
AR Amino acids 1EX AR oy ARSI AIERA BieE AR A REd

PC NC CAA FS SUP SP Mix
W IR EAA
IR Thr 0.67 £0.00* 0.67 £0.01* 0.67 £0.01™ 0.70 £0.01®*> 0.71 £0.01* 0.68 £0.01* 0.67 £0.02"
HER Val 0.53+0.00" 0.54+0.01" 0.53+0.00" 0.59£0.02° 0.57+0.03* 0.53+0.01" 0.52=+0.03"
HEATR Met 0.35+0.01 0.33+0.01 0.36+0.00 0.33£0.02 0.3420.02 0.36+0.02 0.33 +0.0l
AR Dle 0.48 +0.01" 0.50+0.01™ 0.48 £0.01> 0.52+0.01* 0.48 +£0.02" 0.48 +0.01> 0.48 +0.00"
PR Leu 1.10 £0.05® 1.16 £0.02* 1.07 £0.03> 1.12+0.01** 1.18£0.03* 1.10+0.02" 1.07 £0.05"
HKNAMR Phe 0.57 £0.01¢ 0.63 £0.02" 0.61 £0.01> 0.65 £0.00® 0.66 +0.10* 0.66 +0.01* 0.64 +0.02"
AR His 0.43 £0.00* 0.42 +0.00™ 0.42+0.01™ 0.44 £0.02* 0.46+0.01° 0.41 £0.01* 0.41 +0.01"
AR Lys 1.24+0.01 1.23+0.01 1.24+0.01 1.22+0.01  1.21+0.03 1.21+0.00 1.24+0.02
WA Arg 1.03+0.01 0.97+0.01 0.95+0.01 0.98+0.02 0.98+0.02 0.97+0.00 0.99 +0.00
SR SR 6.40 £0.04™ 6.44 +0.04" 6.32+0.03" 6.55+0.04" 6.60£0.04* 6.40+0.06" 6.33 +0.13"
e 2R NEAA
IR Pro 0.89+0.01* 0.84+0.01** 0.82+0.01®> 0.79 +0.02> 0.81+0.03" 0.79 £0.04> 0.79 +0.02"
RAHTR Asp 1.48+0.00 1.50=0.01 1.49+0.00 1.47£0.02 1.47=0.01 1.48+0.00 1.49 +0.04
AE R Glu 2.10£0.01 2.160.03 2.12+0.03 2.1820.01 2.1920.02 2.1920.03 2.17 +0.09
225K Ser 0.68 +0.01™ 0.68 +0.01™ 0.66+0.01° 0.70 £0.01®* 0.71 £0.00* 0.69 +0.01* 0.68 +0.00™
H4MR Cly 1.34+0.01 1.29+0.01 1.30+0.01 1.33£0.02 1.32+0.01 1.31+0.06 1.31=0.15
R Ala 1.05+0.03° 1.120.02* 1.06£0.02" 1.16 +0.06® 1.17 £0.03* 1.07 £0.02*" 1.08 £0.04*
BEA R Cys 0.10+0.01 0.10+0.01 0.11+0.00 0.10£0.00 0.11£0.01 0.10+0.01  0.09 +0.01
M 2R Tyr 0.54+0.00° 0.49+0.01° 0.49+0.01° 0.53+0.01® 0.51 £0.01" 0.53 +0.01* 0.54 +0.00"
iiﬁﬁiﬁﬁpﬁ 8.17 £0.05™ 8.18 £0.03 8.05+0.02" 8.26+0.10° 8.28 £0.06° 8.16+0.07" 8.15£0.06*
S FER Total AA 14.56 £0.07 14.62+0.01 14.38 £0.05 14.80+0.14 14.8820.06 14.56=0.01 14.48 +0.12

T R B AR A R NG FREFROR 25 B35 (P <0.05) 6

Notes: The values in the same row with different small letter superscripts mean significant difference (P <0.05).

3 9he
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Effects of marine animal protein hydrolysates on growth, feed utilization and
body composition of hybrid grouper ( Epinephelus fuscoguttatus Q@ x
Epinephelus lanceolatus & )

FU Cefeng', LI Songlin"*, DAI Min', CHEN Naisong'~
(1. Centre for Research on Environmental Ecology and Fish Nutrition of the Ministry of Agriculture and Rural Affairs, Shanghai
201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,

201306, China)

Ocean University, Shanghai
Shanghai Ocean University, Shanghai

Abstract; The present study was conducted to investigate the effects of marine animal protein hydrolysates
inclusion on growth performance and feed utilization of hybrid grouper, Epinephelus fuscoguttatus @ x
Epinephelus lanceolatus & . Seven isonitrogenous and isolipidic diets were formulated with the diet with 60%
and 40% fish meal as the positive control (PC) and negative control (NC), respectively. Five diets were
formulated with the supplementation of crystal amino acid (CAA), fish soluble (FS), shrimp paste (SP),
squid paste (SUP) or the mixture of the above three marine proteins (Mix, 1:1:1). Results showed that the
specific growth rate of grouper was significantly reduced in the NC and CAA groups compared to the PC
group. However, the supplementation of marine protein hydrolysates significantly neutralized the negative
effects on SGR induced by high fishmeal replacement. The fish in the NC group obtained the lowest feed
intake (FT), while no significant difference was observed among other treatments. The feed efficiency ratio
(FER) and protein efficiency ratio ( PER) followed the similar patterns to those of FI. In conclusion, the
inclusion of fish soluble, shrimp paste, squid paste and their mixture in low-fish meal diets can significantly
improve the growth and feed utilization of hybrid grouper, indicating that the supplementation of marine animal
protein hydrolysates can elevate the nutrition value of low fish meal based diets.
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