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(1. B REK= S4B, L 2013065
2. WL RS Rl Be , 9TV AT 310029)

WENETEENEXRKREP AN T HE R AR ER, Z0E5 K (P-
PBM) 18 ¥4 % } % (F-PBM) | f 4 (BM) |, %% (FEM) (& 8 % (SWP) | B 4 (SBM) fn 3¢
H(RSM) LR 1 AR A5 E E4% (MM = 50% P-PBM +20% F-PBM +20% BM +10%
FEM) W TH R ZE Rt ER A H AL E(ADC), LREHH 0% XA AR (ZaREE
K 42.0% , &4 E N 18.9 MI/kg) F1 30% Wy £ il B 41 ko F Al 18 8 An SC 3047 B o 2 0 Aw
1% (R E %) ¥ Cr,0, tE NS FAFIEH. WA ERIKTIE, ERHEERLERAK,
RAMR T R E LT, LRERE R4 3t P-PBM,F-PBM,BM,FEM .MM, SWP,SBM
2 RSM T4 i ADC 45 % 61% ~87% ,7% & i ADC %} 80% ~96% , #¢. & ADC % 75% ~
9%, HE4, 45 SBM &K A ADC & &, %t MM W& & it ADC & 1%, #t BM 8§ T4 J¢
fnk & ADC & & , 4 RSM W T 4 Jf fu g & ADC % 1K,

KR A R A E SRR R B AR
MEkERIRAD A

FESHES S 963

25 H BB AR R rb RO AL IR B R R
gro B EHE R R E L3 (ADC) X T AL
HEER KB REaXESRBREAERESE
Y, BEEATE R BB, /R N RRE A
TR SR H 45 B 5K, A B & B R R
b AR Za T EERY . ADC 2H#iT
Yr RO R 2R E SR E R E R R

A8 ( Lateolabrax japonicus) {8 & LR %1, B
B B VR B R EREE KT EZ 0,
BAARKR, PREESE, SR EE Hh B E N AR 58
FUA, RREEZKKFREBRMIP, AR
O ERTROARE" " ol AE
BB SR EAE R IR A M B ADC
"™, 1 P9k (PBM) ., W B H (FEM) | I 43
(BM) .\ M (SBM) Az (RSM) 2 £ 2845 o
HHRME B R, | (SWP) & ¥ g 25 m
FEm R R, BRI, ¥ PBM. B # .
FEM fl BM & 4B AR HEATAER LRSS L

M5z #% B 5 :2009-04-15 1&[E] B # :2009-06-17
BT E WTERHE T RIT A (2008C2205)

BB RAR KRR, B ERFHREE
ADC BEREBU M AEE, AXWME T Y
XY 3G P Ay (P-PBM) | 4 BH4% X8 A Ay (F-
PBM) ,BM,FEM,SWP, SBM # RSM DI % 1 #
ResiEAR (MM) MTYR. EHRMER
ADC, H By Bl =B I7 KI5 5 RO 78 5517
BHEER KSR

1 ME5k

1.1 RBEEAMLEER

Bl ADC B4R BHRRH , P-PBM JF-PBM.,
BM Al FEM W X E s Y& 0 KRR K &
(NRA) F it /pHAb 3244, # %7 SBM 71 RSM 11y
BT E UM T 21RB T A H R A R, SWP Iy
A#TLEREE XA RTT. MM i 50% P-
PBM,20% F-PBM, 20% BM # 10% FEM £ i
TRIBAL B0 B F2 %R~ B R 7B (RD)
SRR 70 % FERERISERT 30 % I ERH R &
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B AR, ST 8 FhSZIR AR (MBS B A
%t P-PBMD A5 HE XS P #3776 F-PBMD., Il #3
%t BMD., 3 #3 45 Bt FEMD . & & & H 8
MMD . % I ¥ 5 F SWPD ., 5%+ SBMD 3%
R RSMD) , BLAil 4]k R S 364 R b 2 95
1% Cr,O, (JRE2%0) 1E A SMRIE =Y. THRHR

B at 40 B, HEH LA, KBS (30
L B4 HL) J5 R SLP45 B4 B ( Hr E K=
Pl R B URAES B 5T i, 1) ik, =
BT XTFHEE, FHRE -20 CTRE. 58
JBHE FRA B 1, ZEA AR S2 6 1R R
FEFRHEBNE2,

x1 FUEMPEFEABRTEESE
Tab.1 Proximate composition and energy content of the tested ingredients

JER THER(%) HEA(%) BRI (% ) Koy (%) HAB(MI/kg)

ingredient dry matter crude protein crude lipid ash gross energy
£} fish meal 92.0 69.7 13.0 15.1 22.3
95 H 35 % P-PBM 95.9 67.9 14.3 13.9 22.0
ARG P 8 F-PBM 97.0 56.2 15.4 21.5 20.1
1% BM 94.0 94.4 0.6 2.1 24.3
FE¥ FEM 96.8 78.5 15.5 3.3 25.2
=¥ SBM 89.0 46.5 1.6 6.7 19.3
3K RSM 89.6 4.1 1.1 7.8 19.5
&IFk SWP 93.9 52.7 30.9 5.6 26.9
B&Y MM 95.8 71.9 11.9 12.0 22.4

EHEAMEN KNSR B NTHESE

Notes ; Crude protein, crude lipid, ash and gross energy are expressed on dry matter basis

1.2 XLEEMLBFE

LRI K I 5 Bl 5 558
AT, PSR RE N (56.5 1.6) g, F7E
R BB KA (/70 cm, H72 60 cm, 1
5200 L), @A KIEAN B SR 13 B, SLEHT
BHFRA 2 F, 8 RRR AR B

IR B E—AHrEl € P-PBM,
F-PBM .BM i FEM [ ADC ( #F&4m%} P-PBMD .,
F-PBMD.BMD. FEMD 1 RD) , % — By Bt 9l &
MM, SWP. SBM I RSM [ ADC ( #% /& 1
MMD.SWPD ., SBMD .RSMD #1 RD) , & ¥ B
BRI 2 A, B— B RER LR AH RD
2 d, REHTEANBRLR ., SMEs
w3ANEE, LA 15 M ERKE ., SRBEEXR
PR (8:30 F115:30) F R LI A, R E D
220, REBORIER, EFRER, G8RNE
KB (KBE BRI ~21 C,E_HEH
15~19 C), BAMEBE (ZRHNE N
6.1 ~8.2 mg/L) FFHHK ALV IRIMEK,
R 26 ~28, LY R 2.5 L/ min,

BB BRERIIGE AEERR 2 d LkiHE
B NG 3 XIS, BIRBRIR G S 2 /Nt LRk
LR ERENEERT . BRE—KEREN
BEEPELNMEEN,70 CTHRTF,ZE-20 CTF

R
1.3 H&oH

TEBHECKL IRDRL A A 2R B T S R R A
BEHUREIET 80 B, i AOAC Jrik" 4Mirke
w7k 43 LR 2 (Bi%E KDN-04AA BLIRERAL, &
1) JHABET (¥ SZF-06A RICHIRY, %)
W5 (bR 7E 550 TR KA 6 h) & &, sk
P& it (Parr 1281, USA) | € & BB, R H
Furukawa 257 J7 gk I 2 4R B Fl 2 26 H G Cr &
&,
1.4 HETEMGIT O

BT 9 ADC(ADC,) . & Hm E e &
ADC(ADC) # FHIAR ™ 8.

ADC,(% ) = 100 -100 x ( Cp/Cy)

ADCL (%) = 100 =100 x (Cp/Cg) x (Ng/
Np)
KH,Ce M Cp, A AHEFEMFEBY G 5&
(%),Ny, HABIEAR (%) REESE (MY
kg) ,Ne HEFEAK (%) HEEFE (MY
kg)o

FWESTYE.EAKEXERE ADC
(ADC) # FFIAR & .

ADC,(% ) =ADC, +0.7 xN;/(0.3 xN;) x
( ADC; — ADCy )
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xR2 EMABFXBREBES (%) EFAH(%) FIEE(Ml/kg) 8 E
Tab.2 Formulation ( %), proximate composition ( % ) and energy content ( MJ/kg)
of the reference diet and test diets

ok gaygap TO0 A ypmy T ROES BEE S semmn
ingredient RD  ppgvp FpeMD PMP mEMD MMD  swep SBMPD  RSMD
ABEH (%)
¥} fish meal 31.7
K] SBM 27.7 20.7
T ¥; wheat flour 15.0
32K RSM 7.9 20.7
7 fish oil 7.4
% BM 5.8 20.7
CaH, PO, 1.0
Y EFR R vitamin premix 1.0
B R BUE#L? mineral premix 1.0
ERER Met 0.5
Cr, 05 1.0 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
E R RD 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0
S BN B % P-PBM 20.7
IR B X B % F-PBM 29.7
FEH FEM 20.7
HI@k SWP 20.7
BEIMELH MM 29.7
ERAR(%)
FH % dry matter 90.1 90.5 90.8 90.2 90.8 91.1 91.7 90.3 90.6
¥ 5 crude protein 46.9 53.2 50.9 54.8 57.4 55.9 48.9 48.1 46.0
BB B crude lipid 12.6 13.6 14.0 13.2 14.1 12.4 17.2 9.2 9.4
R4y ash 9.5 11.6 13.8 11.9 8.7 10.6 9.2 9.5 9.8
X8 (mg/kg) gross energy 21.0 21.3 20.9 21.3 22.3 21.7 22.6 20.7 20.6

1 R TURAACY (mg/kg AL (4EA K A,16 000 IU; E4 3 Dy ,3 000 IU; 454K E, 200 mg; 464 K K;,20 mg; 484£K B, ,13.4
mg; 454 R B, ,20 mg; 4EAE R Be (LLIEEE) ,30 mg; 441K By, ,27 mg; D-{ZHR45,80 mg; AR , 130 mg; AH)3K 1 000 mg; M8 ,6. 6 mg;
#$AER C,200 mg; & ILAEFE,1 200 mg

2. TR BRI (ke BUREL) : —KBEER —&145,400; FLERES, 1000 ; FrERER EX , 100; LK BREREE , 400 ; BEER A — 40, 700; — K BR —
4,250, AR 20, EALEE, 60, FKBRERE , 30 ; MUK B AR , 20 s B4k ,20

3.HER MR KAMEBRER N BUTYRER

Notes: 1. Vitamin mixture provided ( mg/kg diet) . vitamin A, 16 000 IU; vitamin Dy, 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 mg; pantothenate, 80 mg; niacinamide, 130 mg; folic acid,
6.6 mg; biotin, 1 000 mg; vitamin C, 200 mg; choline chloride, 1 200 mg

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

3. Crude protein, crude lipid, ash and gross energy are expressed on dry matter basis

A, ADC, FEBFEH TR EHRBER
ADC(% ) , ADCy g EHli 1R T i, 8 H J 5%
fER ADC(% ), Ny HEMFEE TR (%) . &
HE(%) SEEE &8 (M /kg) , N, e EoR
TYR(%) EHE(%)HEEESE(MI /kg),

BeRBTYR.EHKFER ADC
(ADC,) /& F 3 AKX E:

ADC,,; = ADC, xPx +ADC, xP, + ADC, xP,
AH,ADCy, AR EFER M(M =X xPy +Y x
Py +Z xP,) TR EHREAEER ADC(% ) ,
ADC, .ADC, fil ADC, 2 HI 8K X Y. Z BT
Yl H e RER ADC(% ) , Px Py P, 4150

JEB XY Z RS YPEI B (% ) o
RABHERT Z T ERERA R A
[ FF OB ADC 8] B9 22 57 LR JR) — B B Sk B
XA RS R R ZE R, W02 5 83 A Duncan
R EBE— 2 RN RN M ESR . HTE
SHTHISCH ADC BE 4T R ISR #. R ¢
KB Tr ko i A R B B Se s £ % RD R &M
ADC HjZ 5, B P <0.05 NZR BHEHWKF,

2 4R

W& 3 W IR, % —4Fr B P-PBMD #l F-
PBMD # {7 & & &, RD fl BMD # {7 & WK,
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FEMD 847 & &K (P < 0.05), A4 &
SBMD Il MMD #4785 &, RD # SWPD #4
BN, RSMD AR R (P <0.05), H—H

BIRD R HER THE M BB & ia&
(P<0.05),

£3 FARBRIRENRES 3
Tab.3 Feed weight of the fish at different stages of the experiment » = 3, X+SE, g/d

£ g2 1213
the first stage the second stage

Liip BAE Liip BAE

diet feed weight diet feed weight
EREE R RD 15.3 + 0.4 EA AR RD 11.3 + 0.6"8
T2 M1 4B PR B RS P-PBMD 17.7 £ 0.2° BAYRA MMD 13.3 + 0.9°
TR P % F-PBMD 16.8 + 0.5° ZUHREEL SWPD 11.0 + 0.5
1% BMD 14.6 + 0.2° SR SBMD 13.9 + 0.2°
B #4RH FEMD 11.8 + 0.42 MR RSMD 9.2 + 0.3%

E AP R AT BARE R EREBE (P <0.05)

Notes; Data in same column with different superscripts are significant in difference (P < 0.05)

LA E— Bx RD T4 A A A
B8 ADC 2515 71.73 + 0.41.88.72 + 0.09
f80.71 x 0.21,FEFE K EX RD TYHR.ZE
ERFIRE R ADC 43314 69.71 + 0.94.88.37 +
0.21 f179.59 + 0.63, A [IpYBESCEs % RD
TYHR.EARMER ADC LB E £ R
(P>0.05) . 3B F%F RD X LB TY R &
ERFRE & ADC 451K 67% ~ 76% ,85% ~
91% F78% ~85% . 1% MR BMEHIIFFHES , T4
i ADC #&¥k % (BMD.FEMD #1 P-PBMD) > ( F-
PBMD. RD. SBMD. SWPD I MMD ) > RSMD
(P <0.05) ., /H R ADC K ¥& & ( SBMD, P-
PBMD #1 BMD) > ( RD.F-PBMD #l RSMD) >
(FEMD #1 SWPD) > MMD (P< 0.05), fE &
ADC & % BMD > ( P-PBMD #1 F-PBMD) >

(FEMD # SBMD) > ( RSMD., SWPD #l MMD )
(P<0.05),

MFE4 7T, 8 PRI E BT ¥ 8 ADC %y
61% ~87% ,%& i ADC % 80% ~96% , fe &
ADC 25 75% ~93% , M\ mBMERIFRFHES], T
Y% ADC 4 BM > ( P-PBM #1 SBM) > ( F-PBM
1 SWP) >RSM (P< 0.05), FH i ADC %
(BM #1 SBM) > ( P-PBM. F-PBM #l RSM) >
(SWP 1 FEM) >MM (P < 0.05) ,¢& ADC ¥
%} BM > (P-PBM #1 F-PBM) > ( FEM # SBM) >
(SWP 1 MM) >RSM (P < 0.05) .3l %2 ) MM
FHR . EERAEER ADC 5T R4 &0 BB
ADC It EH B T ¥R (78. 40% ). & H R
(91.04% ) FifE & (87.35% ) ADC,

x4 FNEHMTHR.EARMESRUHLE
Tab.4 Apparent digestibility coefficients of dry matter,

protein and energy of the tested ingredients

n=3X=SE, %

b T4 EHR BE
ingredient dry matter protein energy
T X8 R ¥ P-PBM 76.85 + 2.46° 91.28 + 0.71% 86.39 =+ 0.56¢
TR X8 R B F-PBM 72.03 + 2.00° 90.13 + 0.39° 86.24 = 0.80¢
I BM 86.59 + 0.78° 93.83 + 0.42% 93.35 + 0.38°
M EH; FEM 82.54 + 0.53¢ 86.09 + 0.36° 82.39 =+ 0.52°
B4 MM 74.76 = 0.39™ 80.27 + 1.24° 79.07 + 0.44°
& i@k SWP 72.47 + 0.97° 85.04 + 1.72° 77.30 = 1.66%
Bk SBM 74.64 + 0.95™ 95.85 + 0.76° 82.80 + 0.69°
32K RSM 61.22 + 1.37° 88.03 + 1.91™ 74.92 + 1.5172

E:FA—REFEE AT BARERREREBE (P < 0.05)

Notes; Data in same column with different superscripts are significant in difference (P <0.05)
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3 itig

BALHER, R RRIR kg2
EE 7k K IR A58 4, 7T 80 ADC I £ 45
R, ARSI AT R A IR S 2 T kR
2y ADC W& B ¥ Y, RS B iE s, &
Seh, KB LIEE R 6 T, 55— B Eert AR
R R EE TS BB, BS— B B
¥ ADC IR Bl B B T4 I B, R F A B B
W E R4k ADC 45 R —3, #ATFR R
7 — % 15 B8] P 7K YA A A B AR F R
RERHY ADC MR EE T,

FRHERE R ADC E—ERE E R T
FRBERE AR T A RRE ., ASKh, %
#%+ SBM.RSM #1 SWP & 1 Jfi ADC #8xt 85%
%} P-PBM, F-PBM . BM. FEM il MM & H &
ADC i1 80% , 7 B 75 5 7 4 1 3 0 AL 1 1k
ERIVFER IS AR £8% MM MEH
Ji ADC 1§ TARIBH RIZIR & Wi R R E B
Ji ADC 3+ H iR A% | & ADC, FB6 L
FEFHEAE M T HE AR ADC, AR
LR EREXREILHHYEARMESES
ReEmE K& T o E R E— s EE R
B RSN RSB S IR S
W2 TR 15 B JFURH IS 1L 23T 8 i 4k
R, RERERS FRFRERD Y A -
— RS , PR M 5 B R BRI 4L
W O T W B A ROR), (B AR S2 T ' SBM
W R ADC B, FHIBTS R IS5 SBM
HE AR ADC BT AEH® , EE A% SBM Ky
FEH i ADC BT PBM BB, ALk,
#£85%+ P-PBM il F-PBM % i ADC #3, % H
PR BN 2 T AR 595 1 0 AL TR
855 SWP % M i ADC B 8 /& F P-PBM. F-
PBM.BM il FEM, 3% f 3¢ SWP & R B9 1
L FI F T P-PBM,F-PBM ,BM #1 FEM, 5E
RFW G L, 855 P-PBM % /i ADC 5
FEH(90.9% ) " HEE , BT (84.8% ) 5
xt F-PBM % H i ADC & T K 7§ ¥ #2
(80.2% ) " Fnym 6 (83. 1% ) "7 s 3 BM F &
ADC W& T4 4R8I HE (90. 2% ) ™™, Wik T 2 g
4181(95.1% ) ' s 3¢ FEM Z& i ADC 1B & T
KPGHEHE (62. 4% )" s 5 SBM B H i ADC 5

BARHE (95. 7%)™ B iE, B & T & &
(90.6% )™ K TG ¥4 (92. 3% ) ' 3 Mg 41 461
(91.2% ) R B B (92.4% ) ™ s 3 RSM
FEHFE ADC 5FE & (89% ) " 3k, W8 T4
#5(81.3% ) '™ FIF B R #E A (83.5% ) ™ 5 3¢
SWP & 45 ADC 5341 44(84.9% ) " 3k

A5z 28 85%F P-PBM . F-PBM . BM FEM
F1 MM ¥ REE ADC & F RSM 1 SWP, %} SBM
fEER ADC BT MM, PIEikmxisimns
HERHA R B ADC — & TH Y E H R R,
X R SN P oK AL A WA A & B E
AU, SWP HyBEE ADC 8%, RIAR S %A
BRI B R & BB, B R o W LR IK
5B RFNTI L R, E85%) P-PBM B8
ADC & F i1 % (83. 4% )""'; X} F-PBM Rt &
ADC & F K 76 ¥ 48 (71. 0%)"" F i 6%
(81.9% )"’ % BM B & ADC & T [ V@b
(84% )™ FI# T 85 (67%) ™ ; %f FEM B &
ADC KT K Pl (85% ) ™ B TR B B3
£(78.5% ) " FI K REAE (58.9% ) s Xt SBM
fof ADC 545 4EHE (84. 1%)™ ¥ F &
(85% ) P43, B TAEH7 (73. 1% )" 5 X RSM
feR ADC K TEE /4 (83.1%)™ BT Hs
(68.0% ) " FIF BEMEA(52.1% ),

ARSI £ SR 53 W A6 7 BB A% B0 0 M D 4k Tk
SBM.P-PBM.F-PBM #1 BM B H A BEE,
H 1t SBM.P-PBM . F-PBM #1 BM 4k % 1£ #5545
FIE AR S HERE R A B I LRk
BB R TE M. 85% RSM & 4 i ADC
B, BeE ADC 8K, 454855 & RSM 1
TIRRRE OB 2 (R EH B TH) WL,
WL E RSM A RIS B8 AR E B 8. 7
fi%} SWP 75 4 Jii ADC F1fg 8 ADC H5:i§, %
HIRE SWP BB & BB, BHMELEE S BR
1&. F§ P-PBM.F-PBM.BM 1 FEM 4 IE&&E
HEREE R A& ADC FEIE, X 2B 2 H
TARRERE AR R YR MR Tk
L, AHS R — T

BE 30k
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Apparent digestibility coefficients of selected feed ingredients for
Japanese sea bass ( Lateolabrax japonicus) reared in sea water

JI Wen-xiu' , WANG Yan®* , TANG Jin-yu®
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. College of Animal Sciences, Zhejiang University, Hangzhou 310029, China)

Abstract ; Apparent digestibility coefficients ( ADC) of seven selected feed ingredients, pet-food poultry by-
product meal (P-BMB) , feed-grade poultry by-product meal (F-PBM) , blood meal (BM) , feather meal
(FEM) , soybean meal (SBM) , rapeseed meal (RSM) , silkworm pupa ( SWP) and a blend (MM) of P-
PBM, F-PBM, BM and FEM, for Japanese sea bass, Lateolabrax japonicus, were measured. A reference
diet was formulated to contain 42. 0 % crude protein and 18. 9 MJ/kg gross energy, and eight test diets
were formulated by combining the reference diet and each of the tested ingredients at a ratio of 70: 30.
Chromic oxide was added at 1% in the reference diet and test diets as inert marker. During the experiment,
the fish were fed the reference diet and test diets twice daily, and fecal sample was collected by siphon two
hours after each feeding. Results of the experiment showed dry matter ADC of the tested ingredients ranged
within 61% —87% , and protein ADC within 80% —96% , and energy ADC within 75% —93% . ADC of
protein of SBM was the highest, and ADC of dry matter and energy of BM was the highest, among the
tested ingredients. ADC of protein of MM was the lowest, while ADC of dry matter and energy of RSM
was the lowest among the tested ingredients.
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