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FIEE T, E VRN 8.5% 1 7K fift 21 6 TR G B fa Tl e A R 1 BRI R 24.5%
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Wang 25U 38 FI]FH 7K it 8 6 B B AR IR 3 1 £
(Nibea miichthioides) L 53 1 7K - I Al X%
PRA A ) AROK P

Zhang S5V BLZS v SR GRE B Y SO H AR 4R
BE 1 SOMIRE S B AR IE 5 (Lateolabrax japonicus)'i
b 2ty Wu 25U Ny y S e Tl
ISR S NSRS A R 1% N i i e S E 2
F1 /N4> F- % I - Ebrahimi-Mahmoudabad Z5'85A A
FRIRAT RBR R ARSI I BUE R
Ren 251 U730 28 y S 24 4 BRI 7K A7 P TE 9 HE A 4
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salmoides) Y IE BE &5 (Trachinotus ovatus) )k
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AR AR A e D10 1) O T 44 2 10 S e e i/ N F
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Tab.1 Proximate composition of feed ingredients
%
TABHER} feed ingredient FHIJ dry matter HLZE B crude protein HMLINE W crude lipid K43 ash

a4} fish meal 92.3 67.6 9.4 14.9
A soybean meal 89.6 473 2.5 6.6
XY A K1 poultry by-product meal 95.3 68.4 12.8 11.3
T4 wheat flour 86.5 12.7 1.3 0.6
FIEH; feather meal 93.9 83.5 7.1 1.7
WP TR irradiated feather meal 93.9 83.5 7.1 1.7
TR A protein premix 92.1 61.5 47 6.9

TE: M BRI FUK 3 S W R E AR A T 1 1, R Sh 2 RIE 45 R T 3MH. BURAE A FRE N . 2. BRkEN

53 X PR A5 T A TG

Note: Crude protein, crude lipid and ash contents are expressed as the situation stored in air, and the data are mean of two measurements. The
protein premix is a blend of corn gluten meal, soybean meal, blood meal and poultry by-product meal.
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Tab.2 Formulation and proximate composition of test diets
%
1Ak E ) feed ingredient Pkt diet

BD 10EO 11EO 10E1 11E1
£ 4} fish meal 35.0 24.5 24.5 24.5 24.5
JIFEH) feather meal 8.5 8.5
MR B A irradiated feather meal 8.5 8.5
DP-100 fiff DP-100 enzyme 1.0 1.0
TiliR & 1 protein premix 20.0 20.0 20.0 20.0 20.0
A soybean meal 15.0 15.0 15.0 15.0 15.0
XA ¥ poultry by-product meal 6.9 6.9 6.9 6.9 6.9
¥ wheat flour 12.5 12.5 12.5 12.5 12.5
Ca(H,PO4), 1.8 1.8 1.8 1.8 1.8
JigiH - bentonite 1.9 3.5 3.5 2.5 2.5
S{LIBTE choline chloride 0.2 0.2 0.2 0.2 0.2
MR lysine 0.5 0.5 0.5 0.5 0.5
%M methionine 0.2 0.2 0.2 0.2 0.2
Y ZAE YRR AL vitamin and mineral premix 1.5 1.5 1.5 1.5 1.5
ff1 il fish oil 4.5 4.9 4.9 4.9 4.9

EIRU N chemical composition
TH i dry matter 90.9 91.4 92.8 91.5 91.8
MM crude protein 49.7 50.0 50.6 50.6 50.8
HIRIT crude lipid 9.5 9.2 10.0 9.1 9.3
K4y ash 11.2 11.4 11.5 11.1 11.4
% phosphorus 1.9 1.8 1.8 1.8 1.8
JEHE/(MJ/kg) gross energy 19 19 19 19 19

T BD Ry EERmERL, ARVEL TOEO S K % H B4 48 BD o 30% 09 k), Akl I0E1 D 7E4RDEL I0EO HHs I 1% DP-100, f%} 11E0
FHER PR I0E0 TP A9/K A B, 1RE IIEL A FIBHA N 1% DP-100 1 B8R B M B K f  B K

A R AT Y BB R N B T e iR A 4E4E R A, 8000 TU; 4E4: 3 D, 2000 1U; 443K E, 100 mg; 4E4: % K, 7.5 mg; 4E4: K By,
15 mg; #4%K By, 15 mg; 44 %K Be, 12.5 mg; 442 % By, 0.05 mg; 4EE %K C, 140 mg; D-AEWEK, 0.25 mg; D-IZRES, 40 mg; MR,
5 mg; JABENE, 50 mg; JLEE, 120 mg; LA ZEMEME, 5 mg; HRARWEL, 40 mg; TKGLERHN, 25 mg; PU/KERER%E, 10 mg; FiFREE, 100 mg;
LKBREREE, 200 mg; BRER4E, 0.35 mg; LALAT, 0.05 mg; WAER 4, 0.3 mg.

HLEE L MR . KA | BERURAE R Ry A SRR A A5 0 T ARk & e, B 2 Wl e 45 R T 1M, BORGHE A I RE M . M.
I BR AR R RS PR A3 I o T

Note: BD is the basal diet; I0EO is the diet formuated by replacing 30% of fish meal in BD with feather meal; I0E1 is the diet formulated by
adding 1% DP-100 in IOEO; I1EO is the diet formuated by replacing feather meal in IOEO with irradiated feather meal; I1E1 is the diet
formulated by adding 1% DP-100 and replacing fetaher meal with irradiated feather meal in combination in I0EO.

Vitamin and mineral premix (per kg diet): vitamin A, 8000 IU; vitamin D3, 2000 IU; vitamin E, 100 mg; vitamin K3, 7.5 mg; vitamin By, 15
mg; vitamin B, 15 mg; vitamin Bg, 12.5 mg; vitamin Bi,, 0.05 mg; vitamin C, 140 mg; D-biotin, 0.25 mg; D-calcium pantothenate, 40 mg;
folic acid, 5 mg; niacinamide, 50 mg; inositol, 120 mg; ethoxyquin, 5 mg; FeSO,, 40 mg; CuSO,-5H,0, 25 mg; MnSO,-4H,0, 10 mg; ZnSOy,,
100 mg; MgS0,4-7H,0, 200 mg; CoCO;, 0.35 mg; KI, 0.05 mg; Na,SeO;, 0.3 mg.

Crude protein, crude lipid, ash, phosphorus and gross energy contents are expressed as the situation stored in air, and the data are mean of two
measurements. The protein premix is a blend of corn gluten meal, soybean meal, blood meal and poultry by-product meal.
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¥ HAFERL(RCP)IE T 9 A XT3

FI(%/d)=100x[I/(N+No)/2]/[tx(Wo/No+ W/N;)/2]

WG(g)=W,/N—Wy/Ny

FCR=I/(W~Wy+Wyg)

NRE(%)=100%(W,/Nx Cr—Wo/Nox Co)/ [2X1/(Ni+
No)*Cnsl

PRE(%)=100x%(W,/Nx Cp—Wo/Nox Cpo) [2XI/(N+
Ny)*Cpt]

ERE(%)=100x(W,/Nx CgWo/NoxCro)/[2X1/(Ni+
Ny)*xCrt]

CF(g/em®)=100xWy/L;’

HSI(%)=100x W/ W,

VSI(%)=100% Wy/ W,

NW[g N/kg £ 7= & ]=1000x[2xI/(N+Ny)x
Cni/6.251%(1-NRE)/(W,/N~Wo/Np)

PW[g P/kg 77 & ]=1000x[2xI/(N+No)*xCps] X
(1-PRE)/(W,/N~W,/Ny)

RCP[g K5 /g 077 8 1=[2xI/(N+No)xFL1/(W,;
N xDMF ~Wy/NoxDMF,)
o, 1(g) R REA AE P9 AR TRDRL B i o (g) Al
W ()53 ) R S 56 T B 0 435 TR B IR A P S 6 £ 4
T3 No(g) R N,(g)43 ) hy S 56 TF by 45 o B I 4 1
SRt R ((d) LI IE], Wa(g)h A P A BE
TG Cy (%)F1 Cy (%)53 08 5290 I Ih A s
B BRI R 5 3 Cp (%) R Cp (%) 53 50 R 52
5 TF 4 R0 25 o R AR Y B Y R Cr (KJ/g) Fil
Cr (KJ/g) 73531l by S 38 TF iy 235 B N e 0K 1) G BE 25
it Oni(%) « Cod( %) F Ced KI/g) 73 1) D T 1o R A
. BEFLERE A i W(g) . Lem) ., Wi(g)F Wy(g)
4399 Ry S I T G RN 235 SRR BT BORE & R R EE L A
e JHFEE RN PN AT A B FL(%) A apRE A8 0 T4
JF &, DMFo(%) 1 DMF (%)53 51k 5256 T 46 Al
SERBT R T S i

W 2208 0 A S BB R AT ROE 5% AR e, SR
Ja Xt T AT B AT 22 55 M (Levene’s test) FTIEZS
414 (Kolmogorov-Smirnov test)f 56, R XU &
W % 4y B (two-way  ANOVA) 5 % ¥ 56 4%
DP-100. F4& MR E R A UK P B8y DL R 3%
LHAERXGE, R, FERE. MRS
VIR ARE I BRCR | B L IR EL IR
ORI B 7 TR £ T R B R SR R
YIHECE R, A A BRSOV 3, SRR
% (Duncan’s test)iff — & LWELES T DP-100 B4R

HEOPI M B AOK AP B A OS2 R . R FHXB JE e ke
55 (Dunnett test) Fb 48 Al 15 6L (B D) A1 8 18] )
(I0EO. T1E0. IOE1 Fl IE)Z[H) FiRFEFRAY 2 5.
FETHOE | fER R, RCP I NW HEFT R 2007
LU A R o) L R 58 A P2 R RE . AT SPSS 25.0
A TE T 2200 . RRC R IR AR I i, B
P<0.05 Jy 2= 57 B 3 MEAKF .

2 HBRESH

21 REER, BR. £EKMEARABARER

Stu ], $E Ak BD. 10E0, 11E0. I0EI
FTLEL (98 B 2R 530 R (85+11)% . (66:16)% .
(76£5)% . (78+8)%H1(89+2)% ., MF 3 n] UL, #hn
DP-100 i 25 520 SE 56 40 [ 2R B (FBW) . WG Al
FI (P<0.05), {HASE FCR. NRE. PRE £l ERE
KA AR (P>0.05) o LA BE PRy R A C K i B
B KLH 5T 1% DP-100 (28 HAE X FBW .
WG, FI, FCR, NRE. PRE Fll ERE JC i, % 5 i
(P>0.05), EE 1% DP-100 A A k3 151 kH(T0E
M NEDRf FI. FBW fil WG & THE ARG
DP-100 1 Ik €1 ¥ 15 %} (I0EO F1 I1E0) #Y ff
(P<0.05). &1kl BD 1) FBW 1 WG 55 &
TR TOE1 AT TIEL A4 0 8 3% 22 5%(P>0.05), {HE
ZE T AR IOEO F1 T1EO [ f4.(P<0.05), £
kL BD ff (1) FI{K T4 2 KL TOE /Y £1(P<0.05),
B 53 Ak I0E0. 11E0 F1 11E1 A9 fa 0 i 35 2%
F(P>0.05). #EE BD #1051 iak I0E1 .
[1E0. IOEO A1 11E1 Byfa7E FCR. NRE. PRE Al
ERE J7 1 TG i 3 2% 5 (P>0.05).
2.2 PBi#%E. HSI. VSI #1fa kAR

MFE 4 m] UL BN 1% DP-100. Fi%E RSP T
TR K i S B M LA B 3 1) A A8 T A ) L ks
J& . HSI, VSI FfafRA oK. MEA. Mg
i« R4 FRE B i) G W R R (P>0.05) . R
Tk BD () f 5 & 1Rk TOE0 . T1E0 I0E1 A1 T1E1
f £0 7 HE 36 BE . HST., VST a4 2H i 11 G b 2%
£ 5 (P>0.05),
23 ARGEMERE. FEEVHINEMFELES

MFE 5 AU, U 1% DP-100 ., %8 B8 3F B8
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BARK AP By LA I — K T i 22 HAE X RCP (P>0.05), M 1 Al UL, fakt TIEL AYFR5E A4 =1
NW 1 PW TG i E R M (P>0.05), $R Bk BD 19 Redzi Ak I0EL, 17 E I0EO /Y 5278 A= 7= M R4z
i RCP & = T fak} I0E0 . I1E0.IOE1 A T1E1 T4kl 11E0, 54kl BD A, 1@k 10E1 #1 11E1
[ (P<0.05), HHNW HIPW 55 H LR EER  AFRHILEFVERE S 10E0 Al TIEO 8 M3 .

R3 TREEAMEXREEER. EXKMEARFBRE

Tab.3 Feed intake, growth and feed utilization efficiencies of Larimichthys crocea fed with different test diets

n=3; X +SD
ik flok Rk E /g WdE/g  HEER(%A) FRRE ABSCRY% BICBACR% RREEBRCE %
diet final body weight weight gain  feed intake FCR NRE PRE ERE
BD 66.1+1.3 46.5+1.6 1.69£0.08  1.10£0.04  29.31£1.63 32.5742.55 31.39+1.41
10E0 57.3+2.0° 37.542.4" 1.77£0.25  1.28+0.13  25.75+3.10 35.9946.19 26.30+4.83
11E0 56.3+1.2° 36.7+1.17 1.70£0.17  1.26£0.15  25.07+3.66 35.72+4.00 25.00+2.43
10E1 63.3£2.7 43.6+2.9 2.08+0.09"  1.31+0.08  25.1242.61 31.4542.10 25.00+2.21
11E1 62.8+0.2 43.1+0.4 1.95£0.11  1.28£0.06  24.68+1.02 29.1746.36 26.21+1.14
EO 56.8" 37.1° 1.740 1.27 25.41 35.85 25.65
El 63.0° 43.3¢ 2.02¢ 1.29 24.90 30.31 25.61
WIHE T ZESH two-way ANOVA
ggjgg Eﬁzyme 0.000 0.001 0.022 0.710 0.761 0.090 0.981
HI irradiation 0.466 0.576 0.334 0.747 0.737 0.669 0.978
ZHAE interaction 0.833 0.937 0.766 0.940 0.941 0.734 0.488

12 BD R EEAIEEL, mkH TOE0 24 KM B Bk 48 BD i 30%1 by, kL I0E1 F7EMHEE IOEO FPs N 1% DP-100, 1k}t T1E0 2y
HAR TP B RS 10E0 AR EFIEAS, R 1IEL N 1%8 DP-100 FIHERPIEMERKBREH. HirFRRR
Duncan’s test (E0 55 E1 Z [BD)Z5 R, FFNEHE bR B[R] 32 7s A B8] 25 5 1 35 (P<0.05). %53 7% Dunnett test (BD 55 I0E0.I1E0 .,
I0E1 A1 I1E1 Z[MD&5 R, FFEdE+ Eir a5 & F#mH S BD 25 13 (P<0.05). E1 (124§ 10E1 A1 I1E1)F1 E0 (24§ 10E0 A1 11E0)43-5l
FEUS NS ERIN 1% DP-100 97k

Note: BD is the basal diet; I0EO is the diet formuated by replacing 30% of fish meal in BD with feather meal; I0E1 is the diet formulated by
adding 1% DP-100 in IOEO; I1EO is the diet formuated by replacing feather meal in IOEO with irradiated feather meal; I1E1 is the diet
formulated by adding 1% DP-100 and replacing fetaher meal with irradiated feather meal in combination in IOE0. E1 (including IOE1 and
I1E1) and EO (including I0EO and Fl I1E0) are the diets with or without 1% DP-100 addition. The superscript represent the results of

Duncan’s test between EO and E1 (Greek alphabet) or Dunnett test between BD and I0EOQ, I1EO, I0E1 or I1E1 (asterisk). The data in the same
column with different superscripts are significant (P<0.05).

F4 AEAMEXEGRFEE. AR, BEELLMEEER
Tab. 4 Condition factor, hepatosomatic index, viscerosomatic index and
body composition of Larimichthys crocea in different diet groups
n=3; x +SD

D W e’y TTAR%  BERE% e e e B BE% S EE(MI/ke)

. e hepatosomatic viscerosomatic . . ..
diet condition factor P moisture crude protein crude lipid ash  phosphorus gross energy

index index
Initial 1.55+0.10 1.06+0.34 3.81£1.08  79.7+1.0  14.1+0.6 2.5+0.4 3.5+0.1 0.82+0.02 4.45+0.19
BD 1.57+0.05 0.87+0.11 3.43+0.36  75.7£0.2  15.4+0.2 6.2+0.2 3.1+0.0 0.72+0.02  5.86+0.05
I0EO 1.48+0.09 0.75+0.06 3.58+0.66  76.2+0.8  15.6+0.2 5.5£0.7 3.2+0.0 0.83£0.06  5.64+0.34
I1E0 1.54+0.13 0.80+0.26 3.99+0.60  76.7£0.3  15.2+0.4 5.6£0.6 3.2+0.2 0.81£0.01 5.50+0.14
I0E1 1.50+0.36 0.85+0.05 3.83+1.13  76.0£0.5  15.8+0.5 5.8£0.7 3.2+0.1 0.77+0.04  5.69+0.22
I1EIl 1.49+0.32 0.85+0.25 3.51£0.77  76.2+0.3  15.4+0.4 6.5£0.2 3.0+0.0 0.72+0.06  5.81+0.03

(f$%% to be continued)
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(8% 1 Tab. 1 continued)

0, 0,
AR ey TR RIS g e wilmee BObve B EAE(MIke)
. .- hepatosomatic viscerosomatic . . ..
diet condition factor . . moisture crude protein crude lipid ash  phosphorus gross energy
index index

WHZE I 2T two-way ANOVA
DP-100 % 0.924 0.486 0.808 0.436 0.167 0.232 0.062 0.264 0.436
DP-100 enzyme
4MIE irradiation 0.849 0.869 0.926 0.219 0.341 0.484 0.372 0.940 0.219
SEHLAR 0.794 0.798 0.469 0.972 0.465 0.256 0.649 0.421 0.972

interaction

TE: BD JyBEmb kL, fRDEH I0EO S F/K A B B 1 BD o 30% ), DR I0E1 760K I0E0 Th sl 1%H9 DP-100, 4 11E0 2
FiAR BEOW A X TOEO H K BB 8, FDRE TTEL W [RIR I 1% 449 DP-100 A0 4 82 6 A B ALK A SR B

Note: BD is the basal diet; I0EO is the diet formuated by replacing 30% of fish meal in BD with feather meal; I0E1 is the diet formulated by
adding 1% DP-100 in I0EQ; I1EO is the diet formuated by replacing feather meal in I0E0 with irradiated feather meal; I1E1 is the diet
formulated by adding 1% DP-100 and replacing fetaher meal with irradiated feather meal in combination in I0EO.

x5 FREANEXHEGARNRENERENFTERMIENE

Tab. 5 Fish meal consumption and waste outputs of Larimichthys crocea in different diet groups

n=3; X +SD
Tk A7 £ 7 OB FE BRI WP
diet ratio of fish meal consumption to fish production nitrogen waste phosphorus waste
BD 1.46+0.07 61.9+3.6 14.15+1.01
10E0 1.21£0.20" 76.2+11.2 14.96£2.76
11E0 1.20+0.12" 76.7+12.3 14.79+2.57
10E1 1.22+0.09" 79.3£7.6 16.27£1.18
I1E1 1.20+0.05" 78.3+4.5 16.57+2.28
MR E T 2547 two-way ANOVA
DP-100 i DP-100 enzyme 0.965 0.674 0.275
8 irradiation 0.860 0.957 0.957
ASHAEH interaction 0.930 0.892 0.864

H:: BD MEEREGERL, 1R TOEO A K A# P B AR L BD o 30%A9faks, 1k TOE1 S 7e 4% TOE0 H il 1%/ DP-100, 4% T1E0 A
JT4R PRSP 85 2248 10BO Hh (9 /K i 39 B8, 4Rk T1E1 Sy [RIBHER AN 1% DP-100 Fi 48 FESH By 2 ARk 1% B E#5. 5 %7K Dunnett test
(BD 5 I10E0, I1E0. I0E1 #1 I1E1 Z[EDZ5R, FFEHEh ir 5 & FaHE BD 2557 3% (P<0.05).

Note: BD is the basal diet; I0EO is the diet formuated by replacing 30% of fish meal in BD with feather meal; I0E1 is the diet formulated by
adding 1% DP-100 in I0EQ; I1EO is the diet formuated by replacing feather meal in I0E0 with irradiated feather meal; I1E1 is the diet
formulated by adding 1% DP-100 and replacing fetaher meal with irradiated feather meal in combination in I0EQ. The superscript represent
the result of Dunnett test between BD and I0EO, 11EO, I0E1 or I1E1 (asterisk). The data in the same column with different asterisk are
significant from BD (P<0.05).

1o Wehb, TEfm IRz, AN [F b B 2 1] ) A=
KEREGRE, MBOLTAHAMMAEKZES, X
3 MAPEMBERXRHZEARMPEBRNEN e Flal— b Bl R R E R py e K 2258, %4

AT, 3% LU MR GDRE b (ks T A ) b B R ) R 2R K 2 Rt 4
BERTACRR B 55 K T 4 W R RO BE S 70 Ao 28 AR ) b BZEL ) 2 K 22 S £ K F i 7
BRI ACED S sk, 0 AR P S R A AT R T | e B RO R = 1
P e B, AEAE AT O AR Ol T LU RV SRR M g B O3 B R R LS R T B #5
X A R G, BRI AT o, B 25 R o S B K I S
PKOF 23 DR0F BT 0 3 e O e T R A, DRE l as IR G 25 . MRAIE A JE FR B A R I 5K
Wang SETEBUHER M ACRRS BB I IR pRAfi, ARSI A PR R KA (R B
R AL 0B 5 R S SRR FORME AR AOB BT 109%, 24486 SR ARl IS £k R 4 A 1A A

3 itig
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AN 1%H) DP-100 AT MP BB KPR

Fig. 1 Production performance of Larimichthys crocea fed
different kinds of meal

Note: BD is the basal diet; I0EO is the diet formuated by
replacing 30% of fish meal in BD with feather meal; I0E1 is the
diet formulated by adding 1% DP-100 in I0EO; I1EO is the diet
formuated by replacing feather meal in IOEO with irradiated
feather meal; I1E1 is the diet formulated by adding 1% DP-100
and replacing fetaher meal with irradiated feather meal in
combination in I0EO.
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Influences of keratinase DP-100 and gamma irradiation on feather
meal as a fish meal substitute in large yellow croaker diet
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1. Ocean College, Zhejiang University, Zhoushan 316021, China;
2. Novus International Trading (SHANGHAI) Co., Ltd, Shanghai 200080, China

Abstract: Replacement of fish meal with economic alternative ingredients in aqua-feed is one of the most
important question in aquaculture in the past four decades. In this paper, we evaluated the potential of replacing
fish meal with feather meal in large yellow croaker (Larimichthys crocea) diet, with emphasis on the roles of
keratinase DP-100 and gamma irradiation to improve feather meal use in fish diets. We used a two-way
experimental design. A diet containing 35% fish meal severed as basal diet (BD), and 30% of fish meal in diet BD
was replaced with hydrolyzed feather meal (IOEO). In diet I0EO, 1% keratinase DP-100 was added (IOE1), or the
hydrolyzed feather meal was replaced with gamma ray (y) irradiated feather meal (I1EO0), or 1% DP-100
supplementation and replacement of the hydrolyzed feather meal with y-irradiated feather meal were performed in
combination (I1E1). Large yellow croaker were fed with the test diets in experimental net pens (1 mx1 mx2 m) for
10 weeks. Initial body weight of the test fish was (19.74£0.2) g (x+SD, n=15), and fish density was 40 fish per pen.
The results showed that 1% DP-100 supplementation significantly affected (£<0.05), while y-irradiation did not
obviously affect (P>0.05), feed intake, final body weight (FBW) and weight gain. Feed conversion ratio (FCR),
nitrogen retention efficiency (NRE), phosphorus retention efficiency (PRE), energy retention efficiency (ERE),
condition factor, hepatosomatic index, viscerosomatic index, whole body composition, ratio of fish meal
consumption to fish production (RCP), nitrogen waste and phosphorus waste were independent on DP-100
supplementation, y-irradiation and their interactive effect (P>0.05). The feed intake, FBW and weight gain were
higher in fish fed diets IOE1 and I1E1 than in fish fed diets I0EO and [1E0Q (P<0.05). The FBW and weight gain of
fish fed diet BD was higher than those of fish fed diets IOEO and I1E0 (P<0.05), but did not significantly differ
from those of fish fed diets I0E1 and I1E1 (P>0.05). The RCP was lower in fish fed diets I0EO, I1EO, IOE1 and
I1E1 than in fish fed diet BD (P<0.05), while no significant differences were found in FCR, NRE, PRE, ERE,
condition factor, hepatosomatic index, viscerosomatic index, whole body composition, nitrogen waste and
phosphorus waste between fish fed diet BD and diets IOEO, I1EQ, I0E1 and I1E1 (P>0.05). This study indicates
that 1% DP-100 supplementation benefited to improve feather meal as a fish meal substitute in large yellow
croaker diet, while y-radiation treatment did not play a positive role in increasing fish meal replacement level with
feather meal. Dietary fish meal level for large yellow croaker could be reduced from 35.0% to 24.5% by adding
1% DP-100 and 8.5% hydrolyzed feather meal in combination.

Key words: fish meal replacement; feather meal; keratinase DP-100; gamma ray irradiation; growth; feed utiliza-
tion; waste output
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