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1.1 ERERMZEE

St RS AR L 3P0 A0 ARt Ry 9 1 S B
SAMPBRIR SR M2 (NRA) s Ip F AL 4243, B
B B AT T 2R A IRA R . EHERHE
SRR 1,

®1 ARERNEFANTMEESE

Tab.1 Proximate composition and energy content of the feed ingredients

Bk (g/kg) T (% ) HEH (%) MR (% ) Koy (% )

feed ingredient dry matter crude protein crude lipid ash
5Pk poultry by-product meal 97.0 54.5 14.9 20.8
JJE K5 feather meal 96.8 76.0 15.0 3.2
1%y bood meal 94.0 88.8 0.5 1.9
145 fish meal 92.0 64.1 12.0 13.9
7 f] soybean meal 89.0 41.4 1.4 6.0
RAHE M mixed meal 96.5 64.0 12.8 14.. 4

LR A E PR T L LS A 23 25 S AR S BB P B AU 2L AR i
2 HLE H U o R KRR, B R I 2 2R A E (n =2) .

Nots: 1. Proximate composition of the mixed meal was calculated based on proximate composition of poultry by-product meal, feather meal and

blood meal.

2. Crude protein, lipid , ash are expressed on a dry matter basis in air and given as means(n =2).

1.2 SEEgitfnfAniEe A

KM (2 x4) L1, 3% 2 M EkHE
H K (490 g/kg #1530 g/kg ¥l ) 4 4~
7K o BB (K T iR 4 45 RE (RLRE
T 19 MIZkg) fapkk, Hodr 1 2 4k (HC 8¢
LC) ¥ 500 g/kg fa #y fHow B, A4 3 41 1A L

139 278 Fl1416 g/kg [ A #} B  Fl I A 1R
BY (RS RK: P EK: A =65:20: 15) HAXS
HEAA R R 11 30% ,60% F1 90% o 35 PR Ky .31
B AURR A PIRC e L BIARE 3 Fh Uk B 37
At IRAY TR ML RIS AR
S SEN IRl SRREC T B IR LA

( HM] \HMz \HMzgi LMI \LMz \LMs ) *ﬁj‘%’]ﬁﬂ/\ ﬁﬁﬁ/ﬁ\ﬁﬂ%‘% 2 s M‘Eﬁ%ﬁ%@ﬁéﬁﬂﬂ% 3,

%2 SRARES EREANEELE

Tab.2 Formulation,proximate composition and energy content of the test feeds

JEEH(2/kg) Tk} test feeds
feed ingredient HC HM, HM, HM, LC LM, LM, LM,
£ 5 fish meal 500 350 200 50 500 350 200 50
VR4 M1 #) mixed meal 139 278 416 139 278 416
i} blood meal 63 52 41 32 35 32 38 32
SF soybean meal 140 140 140 140 140 140 140 140
%85 1 casein 110 130 150 167 90 100 100 112
T %} wheat flour 100 100 100 100 100 100 100 100
o TEHS starch gel 20 20 20 20 20 20 20 20
2142 cellulose 48 50 53 55
Ca(H,PO,), 10 10 10 10 10 10 10 10
AR Lys 1 2 4 1 2 4
AR D-Met 1 2 3 1 2 3

A Z TR vitamin premix 10 10 10 10 10 10 10 10
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JEkH(g/ke) A} test feeds

feed ingredient HC HM, HM, HM, LC LM, LM, LM,
B4 T8 4 mneral premix 10 10 10 10 10 10 10 10
iyl fish oil 37 37 37 38 37 37 37 38
TH )% (% )*dry matter 87.6 89.0 89.7 88.3 88.4 88.1 87.8 88.4
(% )? crude protein 53.2 53.7 53.6 53.4 50.9 49.6 49.3 49.8
HNEWT (% )® crude lipid 9.0 9.9 9.1 8.0 9.0 9.4 8.7 9.2
K5y (% )? ash 9.4 9.3 9.5 9.3 9.3 9.2 9.1 9.2
MAE(MI/kg)? gross energy 18.9 19.4 19.4 19.2 18.9 18.8 18.6 18.9
(% )* phosphorus 1.7 1.7 1.7 1.7 1.6 1.6 1.6 1.7

L e EHORY (5 ke kD (iR AL16 000 U 245452 D, 3 000 1U; 4842 2 B, 200 mg; 445 2 K, ,20 mg; 4545 % B, ,13.4 mg; 4
B B, ,20 mg; 44K B, (KIS ) ,30 mg; 4E4: % By, ,27 pg; D — 2R 45,80 mg; & AL MHAK, 1 200 mg; KR, 130 mg; LY R

1000 pg;fgR,6.6 mg; 4E-EZ C,200 mg; GEALARGL,1 200 mg,

2. YR HURY) (mg - kg falkl) :Ca(H,PO, ), - Hy0,400; ZLERES 1 000 ; 47 R L ,100; MgSO, - 7H,0,400; K, HPO, ,700; NaH, PO, -
H,0,250;AICl, - 6H,0,20;ZnCl, ,60;CuSO, - 5H,0,30;MnSO, - 4H,0,20;KI,20,
pe3. FEE T HLIGIDT K o P RE & & s 4 KT AR, B0 S il s S5 R -8B (n =2)

Notes: 1. Vitamin premix is a adjusted commercial product] RV 2118, DSM( China) Limited ] , and the vitamin premix provides per kg of feed:

vitamin A,16 000 IU; vitamin D, ,3 000 IU; vitamin E,200 mg; vitamin K;,20 mg; vitamin B, ,13.4 mg; vitamin B, ,20 mg; vitamin B,

30 mg; vitamin B,,,27 pg; pantothenate,80 mg; niacinamide,130 mg; folic acid,6.6 mg; biotin,1 000 pg; inositol,270 mg; vitamin C,

200 mg; choline chloride,1 200 mg.

2. Mineral mixture contained ( mg/kg diet) : Ca( H,PO, ), - H,0,400; calcium lactate, 1 000; ferric citrate, 100; MgSO, - 7H,0,400;
K,HPO, ,700; NaH,PO, - H,0,250; AICl, - 6H,0,20; ZnCl, ,60; CuSO, - 5H,0,30; MnSO, - 4H,0,20; KI,20.

3. Crude protein, lipid, ash and gross energy are expressed on a dry matter basis in air and given as means(n =2).

Tab.3 Essential amino acid profile of the test feeds %
Tk} test feed Met Lys Thr lle His Val Leu Arg Phe Tyr

HC 0.98 3.18 1.88 1.83 1.80 2.10 3.60 2.46 2.05 1. 44
HM, 1.00 3.24 1.92 1.88 1.78 2.24 3.75 2.55 2.16 1.52
HM, 1.04 3.19 1.92 1.88 1.71 2.36 3.85 2.63 2.20 1.58
HM, 1.04 3.18 1.90 1.88 1.77 2.40 3.96 2.60 2.23 1.58
LC 0.98 2.80 1.68 1.62 1.58 1.80 3.08 2.22 1.72 1.27
LM, 0.92 2.82 1.68 1.67 1.56 1.92 3.24 2.26 1.83 1.27
LM, 0.86 2.82 1.72 1.68 1.58 2.08 3.41 2.38 1.94 1.28
LM, 0.85 2.90 1.73 1.70 1.60 2.13 3.57 2.45 2.02 1.32

T IR S BT, B o PG E S5 AR AR (n =2) ¢

Notes: Amino acids are expressed on a dry matter basis in air and given as means(n=2).

1.3 {AFEW

7R 55 T 2008 4F 8 H 2 10 HAET AR4A1
ST B R HEA T, B Al R E Y
K 8B B . S50 FDRE B 15 8 77 58 M A
(K2.5m,552.5m,7E2.0m) TEEFHF2 N,
i 1R] 2 W 9 £ A5 vk fif e £ O B B L
TPkl SCHTHT 2 J8, PRIt AR S AT 1 150 FEfh,
PNFRAE 35 DI MAH (K1 m, %1 m, 1.5 m)
WL B AR 30 e f . WISR I (] 4 R A% R 2
Ko SERITIR I e P37 1) i3 2 48 h, SR )5 B
YR 30 Rt , BUREAR E 5 40 I B BIL SO 24 4> 51

BRIFIN . Bk 3 A, SR Ak
(33.420.1) g CFIME = brifiEiR ,n =24) o IR
RYNFF AR 3 4160 (3 FB/41) AR If
e AR, % BIPRAT R, SR RAFTE — 20 CUkAH
WA SRR b o

SE I, B e R R R AR BRI DX B R
A XIR AL, B K L F 8:00 FITR 4 14:00 $ I
SCIG AR, A R R D B 2 0 R SO,
WA 3] #0145 10 5 245 L R . S ) ) 5T
SRR e R B O A AR Y KRN R
JEE (SE g K IR AR e Bl Dy 24 ~ 30 °C L3R
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ATy 24 ~32) o SLER AR LR 48 h
A~ S0 1 YRR HE O RE PR B, TR BE AL
W3 R, R AR DA KK RIS TR
-20 CFRAF.

1.4 Hmoth

JITHRCS B f A A AR VR S FE 120 C R R &
20 min, 7£ 105 T4t 24 h J5EE 408 (1 40 H
) o ARDRRIEURE S50 T AR R S B AR i R K
FLE F (Kjeldahl v5) CHLIG DT ( £ BERhR) Fiwk &
e AOAC(1995) Jr k4B ™ o 1 550 TR Ay
Bt AT, MRS B R AR o R K )
Fit o FPRHGR T (Parr 1281, 2 [ I & A i
G, FHE MR B 370 Hr X ( Sykam 433, F&[E ) il
1.5 HiEAE

PR R (fAiFR FL) | A8 & (fRifR WG) JHF
FEARKE (PR SGR) kL R £ (7 #% FCR) (A
fiff AR AL A (i) ) NRE) | AE 7t fiff FR &% 3 (] AR
ERE) Wit AR (A% PRE) | AL i B 45 % (i
P CF) |JHE A5 B (K HST) | UK P HECRE (A
PR TNW) B Y HERCR (PR TPW ) FLEA £8 )
SRR Rk T #E 35 B (TR AR RCP) 23 51l 4% T 50
e

FI(%) =100 x I/[ (W, + W, + W,)/2]/t

WG(g) =W,/N,-W,/N,

SGR(%/d) =100 x [Ln( W,/N,) —Ln( W,/
N,) 1/t

FCR=I/(W,-W, +W,)

NRE(% ) =100 x (W, X Cy, =W, x Cy, + W, %
Cyo)/ (I xCy)

ERE(% ) =100 x (W, x Cy,, — W, X Cyy + W, %
Cry)/ (I xCy)

PRE(% ) =100 x (W, x Cp, — W, X Cp, + W %
Cp)/ (IXCy)

CF(g/cm) =100 x W /L!

HSI(% ) =100 x W,/ W,

TNW[ gN/kg fish gain] =1 000 x (I x Cy/
100) x (1 — NRE/100)/[ (W, = W, + W,) x
6.25]

TPW[ gP/kg fish gain] =1 000 x (I x Cy/
100) x (1 —PRE/100)/(W, =W, + W,)

RCP = WG x FCR x FL/( W/N, x DMF, —
W,/N, x DMF,)

Arp, I(g) Fon gkl W .(g) fl W, (g)
G327 S B T B R0 45 SR AR N AL
W,(g) RanFefa i i1 1(d) FoR L5 0 [H; N,
N, 53 390 2 78 552 56 T Ui R0 45 o 1) 0 4 Y £ 2
5 Ca (% ) 1 Cr (% ) 53 3 3278 S5 56 I Ify F1 45
WA G i Oy (%) R A & &5 Cy
(MI/kg) Fil Cyy (MI/kg) 43 591l 22 7 52 3 TF Iy A0
SEIN A R i A O (MI/kg ) 3271 1) B RE
HEE;Cp (%) H Coy (%) 53 578 9256 TT U6
TGS B 4 £ il & 5 Cor (%) 387 il B 9 &5
W (g) L, (em) 43 51| 7R 52 55 45 I AE
AT AR, W, (g) RoRE 5 flF 5 DMF,
(% ) F1 DMF, (% ) 43 5| 3¢ 7 S 5 ¥ Uiy A 45 o
e TYRE .

FRET XA 2R S IR0 5 25 AT 5 s s
FARHb BT WG SGR FI ,FCR \NRE .ERE PRE .
CF HSI, 4 1 41 g (/K 3 ML B OHLIR D7 0K
43) JTNW [ TPW #1 RCP [{35¢ i, F§ Duncan [% )5
it — R R A 25 57 . A 48R i e
7225 MR e it ROIE 5% 5540 . HUP <0.05 S22
S EMKF .

2 iR

2.1 B AEKMEARRBRE

ARSI BRI AR HM, () — 1 R AE 2 oh
T 3R A3 fr ki A1, i % b FHLZH S g 61
YRS 2R I 86 % , AN [l e} ik 3 A] i 1 R T
FXRESF(P>0.05,3%4), fAkHEH KX FL
WG ,FCR NRE il ERE J& g & &1 (P >0.05) ;
TR 5 25 2 WG, FCR \NRE F1 ERE
(P <0.05) ,{H%t FI Lo Z %0 (P >0.05,% 4
M 5) o TEMRIEEE KT, B a0k &
i TR, FBW 1 WG 2 T [ &% 78 530 g/kg 1]
BHEH AT, $ & k HM, 1) o FBW F1 WG
BEMMTHEERR HC (y#(P <0.05) ,{HTE 490
g/kg EEACETT 3B AN R f8 5 1 i iRt £
FBW Fl WG L % 2 % (P >0.05) , M 1 7]
UL AEAR TR AR B KSF T, SGR 34 il 0y 75 &
FEAKIT TR, {H SGR 5 #Fy 7 i A AH OC (530 g/
kg HHKFETF,” =0.43,P >0.05;490 g/kg &
FKETF,7” =0.31,P>0.05) , 530 g/kg &K
S SGR Fifi oy % 1 T B 490 g/kg R FKF
TR
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Tab.4 Survival,feed intake and growth of malabar grouper fed the test feeds mean + SE
Tk ME(g) KR (g) HE(g) BERE(%) TG (% )
test feed initial body weight final body weight weight gain feed intake survival rate
HC 32.5+0.2 123.1 +4.9° 90.6 £5.1° 1.59 +£0.03 89 +6
HM, 33.0+0.3 114.2 +3.2%° 81.1+3.3% 1.56 £0.05 90 +8
HM, 33.4+£0.5 112.0 £5, 8¢ 78.6 £5.4% 1.52 £0.05 96 +3
HM, 33.7+0.3 96.39 £1.3* 62.7+1.5" 1.52 +£0.05 67 £12
LC 34.0£0.3 113.8 +4, 2 79.8 £4.1™ 1.64 +0.05 96 +2
LM, 33.4£0.6 110.3 +2, 0% 76.9 £1.6™ 1.53 £0.03 91 +9
LM, 33.4£0.7 107.9 £8.0%® 74.5 £7.5% 1.55+0.02 86 +7
LM, 33.4£0.4 101.7 £2.5% 68.3£2.1%® 1.58 £0.02 89 =10

T - R APHC A f R E] 75U Duncan [RZH HLRESH, PR R F FOR B 22 2 235 (P <0.05)
Notes: The superscripts present results of Duncan’ s test among feed treatments. The values within same column with different superscripts are
statistically different at P <0.05.

22 N A2 5 AL, 7E 530 o/kg FRHE FUKE T,

2.1t s 490 g/kg cp BRIk HM, 9 f8 FCR 12 3% & T H B Ak

= 20 i (P <0.05) ,{H1E 490 g/kg B EIKF T, A[A
g 1 TkHbEE ] FCR J6 B %% 5 (P >0.05), 7E4H
o Rl 9K F K NRE 1 PRE SEHAGRRHH) &
' BRGNS 1Tt K5 F e, 7E 530 g/kg RV F
g 16 ARET B AR HM, (9 1 NRE A% T 5 12 7 k)
ol e HM, [ #1( P <0.05) ,ERE il PRE {i T8 £ i %}

. 52%%;30/ (g/kz())o fish i(l)e(z)al levle(;0 ’ HMI ﬂ] HM2 E/‘J@( P <0.05 ) ;E 490 g/kg % EU J(
P, ARk 22 R NRE ERE Fil PRE J5 i 3%

E1 REENESSBETEMKE E(P>0.05).,
AR AWMASFEERKENIE( FHE £ REIR) 2.2 PR REEHSH BTSN & kR

Pl < B3R Duncan [G 2 8 HWALAS IR, RN R RR B
EREFE(P<0.05),
Fig.1 Effect of fish meal level on specific

M6 n UL, SEE A R B AN R 8 A
F37KF- i ik £ CF A HST G 1 2% 25 7 (P >

growth rate( SGR) of malabar group at 0.05) o TR EKF-F0 0B & B0 i AR B
different dietary protein level ( mean + SE) HILRELW(P>0.05) {H XA K
The superscripts present results of Duncan’ s test among feed SRR R SRR (P <0.05) , 1E 530 g/kg

treatments. The values within same column with different ﬁﬂ’ E B 7]( qu , %ﬁ"’fﬂ *Jr HM3 EI/‘J @ E E‘ Eﬁ %ﬂ ﬁﬁ%

superscripts are statistically different at P <0.05.

£S5 REAMERAMFARE

Tab.5 Feed utilization efficiency of malabar grouper fed the test feeds mean + SE
Tkt Tt R AL HAEFRRCE (% ) RERHBCE (% ) BEAEFRRCE (% )
test feed feed conversion ratio nitrogen retention efficiency  energy retention efficiency  phosphorus retention efficiency
HC 1.01 0. 05° 27.14 £1.89% 30.99 £1.46° 50. 88 +4.99%
HM, 1.00 £0.01* 27.65 £0.03* 30.15+1.01° 52.65 8. 50°
HM, 1.00 £0.02° 28.20 £1.47° 32.14 £0.77° 37.99 +2.86"
HM, 1.24 £0.13° 22.49 +2.25° 23.70 +2.23° 37.65 +2.43°
LC 1.08 +0.04% 26.05 +2.85™ 29.73 +1.15° 39.20 +4.05%
LM, 1.03 0. 03" 28.91 £0.49° 31.31£0.90° 38.20 +2.83%
LM, 1.09 £0.06% 27.26 £2.23%® 28.27 £1.42%® 44.21 +6.24°
LM, 1.17 £0.08* 24.57 £1.38% 27.55 +2.23%® 38.98 +1.27°

T R PRSI RHE 53 Duncan [REZH LSRR, FRAFF R 2E R B3 (P <0.05)
Notes; The superscripts present results of Duncan’ s test among feed treatments. The values within same column with different superscripts are
statistically different at P <0.05.
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Tab.6 Condition factor,hepatosomatic index and proximate composition( wet weight basis)
in whole body of malabar grouper mean + SE
Tt FATHEE (g/cm) JHHE%(% ) Kop(%)  MEA(%) HEEWI(%) K (%)  feE(MI/ke)
test feed condition factor hepatosomatic index moisture crude protein crude lipid ash energy
SEIGFFAG T initial 1.04 £0.06 1.94 £0.07 75.0+0.2  17.7+0.1 1.4+0.5 5.7+0.1 4.60 0.2
SEIGLE TR final
HC 2.59 +0.28 2.94 £0.22 71.7+0.4® 16.9+0.3 6.2+0.3™  4.7£0.0™ 6.46+0.1°
HM, 2.73+0.35 2.45+0.57 72.0£0.5® 16.9+0.2 5.9£0.4"  4.7+0.1% 6.29+0.2%®
HM, 2.48 £0.07 2.99 £0.17 71.3 +£0.2% 17.4£0.2 6.5+0.1°  4.7£0.1" 6.58+0.1°
HM, 2.24 +0.04 2.71£0.18 72.6 0.1  16.7x0.1 5.2+ 0.1°  4.9x0.1%* 5.99 +0.0%
LC 2.79 £0.50 2.85 +0.31 71.3+£0.3%® 16.6 £0.2 6.7+0.1°  4.7+0.0"° 6.56+0.1°
LM, 2.34 +0.01 2.62 £0.26 71.1+0.6* 17.0x0.3 6.9+0.3° 4.8+0.1* 6.64+0.2°
LM, 2.19 £0.11 2.58 £0.20 71.9 0.7 16.8 0.3 5.8+0.5®  4.9x0.0° 6.24 0.2
LM, 2.33 0. 14 3.06 £0.46 71.9£0.4® 16.8 £0.2 6.2+0.3*°  4.6x0.1° 6.38+0.1

T - P LA 1A E] 76U Duncan (R E HLERESH, PRI R Z FOR L 22+ B35 (P <0.05)

Notes: The superscripts present results of Duncan’ s test among feed treatments. The values within same column with different superscripts are

statistically different at P <0.05.

TR TR R R HC A HM, (6 (P <0.05) 5
£ 490 g/kg KT S Bk LM, (1 fa ki
Wi S AR T B Ak LM, (£ (P <0.05) .
2.3 ARR.BEEYEMRCESRMERE
FHEH

£ 530 g/kg TR KT S ik HM,
) TNW 5 FH B AR (P <0.05) (F 2) ;7
490 g/kg FEHAKFT , AR AL a8 & X TNW
TREFW(P>0.05) (K 2), 7£530 g/kg Tkl
FEKFE T, TPW a8 & R AR S T
PO R HM, (1) TPW & FH 4 (P <
0.05) ;71 490 g/kg HHAKV T, $E AR A &
R TPW 225 A B3 (P >0.05), 7EAH
[F)fpEL 2R KPR, RCP R fi0Ry 15 5 1 T 1
fik. &M 4H kL HC, HM, . HM, i} RCP 43 5 Jy
(1.7+0.1) (1.2£0.0) (0.7 +0.0) ;%M LC,
LM, .LM, fil LM, i} RCP 4354 (1.8 £0.1) .
(1.2£0.0) (0.7 20.1)F1(0.2+0.0) , Mk
R 50 ~200 g/kg B} ,RCP <1,

3 e
3.1 FABAHR . DERTNMPESYER Y
ApafARihanrEh

A S0 ) ] 3 R AR R HIML F)— 11 4 P £
BNk, P EORAL B ALAETE R AWK (67% ) , 43
BT SGR S} 0k /K- 2R 1 2K R T AL B
BT FEHGE R T 51 g Y R4 £1 BE£f SGR
1.80% /d"™ . A5 PR T Ny 33 ¢ 1A A BE
i SGR 3K 1.90% /d, RIS A K IEH

120 1

n
p—
S o D
S O O
T T
®

201

TNW/[gN(kg fish gain]
5

L 1

HM2 HM3 LC LM1 LM2 LM3
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with different superscripts are significantly different at P <0. 05.
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The capacity of malabar grouper in utilizing a blend of poultry
by-product meal , feather meal and blood meal as fish meal
substitutes at different dietary protein levels

FU Run-ji, JT Wen-xiu, WANG Yan" , XIE Ning-xia
( College of Animal Sciences ,Zhejiang University ,Hangzhou 310029 , China)

Abstract; A 10-week net pen experiment was carried out to examine the capacity of malabar grouper
( Epinephelus malabaricus)in utilizing a blend of poultry by-product meal , feather meal and blood meal at
different dietary protein levels. A 2 x 4 experimental design, including two dietary protein levels (490 and
530 g/kg crude protein)and four fish meal level (500,350,200,50 g/kg) ,was established. At each dietary
protein level ,one feed was formulated to contain 500 g/kg herring meal as control, and in the remaining
three feeds,the blend that was formulated to contain 65% poultry by product meal,20% feather meal and
15% blood meal was incorporated at 139,278 or 416 g/kg to replace 30% ,60% or 90% of the fish meal.
Initial body weight of the experimental fish was(33.4 £0.1) g per fish. During the experiment, fish were fed
to satiation twice daily except the days during which extremely high temperature or heavy waves occurred.
The results of the experiment indicated that dietary protein level did not significantly affect feed intake(FI) ,
weight gain ( WG ) , feed conversion ratio ( FCR) , nitrogen retention efficiency ( NRE) , energy retention
efficiency (ERE ) and whole body composition, while dietary fish meal content had significant effect on WG,
FCR,NRE and ERE. At the same dietary protein level, specific growth rate ( SGR) decreased with the
decrease of fish meal level. At the same dietary fish meal level, fish fed the feeds containing 530 g/kg crude
protein had slightly high SGR relative to fish fed the feeds containing 490 g/kg crude protein. Results of the
present study reveal fish meal level in diets for malabar grouper can be reduced to 200 g/kg by incorporating
the blend of poultry by-product meal, feather meal and blood meal, and no benefit was found in reducing
dietary fish meal level for malabar grouper by elevating dietary protein level from 490 to 530 g/kg crude
protein.

Key words: malabar grouper ( Epinephelus malabaricus) ; poultry by-product; feather meal; blood meal;
growth; feed utilization
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