D000 http://www.cqvip.com|

E31% B3W K A £ 9 F WM Vol.31,No.3
2007 % 5 A ACTA HYDROBIOLOGICA SINICA May, 200 7
KEESEXNILMANEGEREHUENHRR
Zok EEAR YKE K B OKAR KXE MNAFKE

(FEBFERFEERERFEAEALRE, HH  266003)
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HUEER(EBENERRSNEK2), ERFANHS
- o 0 0 3 JE R4 70 % < 30 % B L ) B A T R
M 0.1% 8 Cr,0, HHMEIE R o BL K 55 56 174
B, BT A SRR PR R 133 60 HFR M, A F( I )-26
SUZAT PRIV (e R 3 TR 2, Fr ) im0 AR
18 W0RE 45 K (2. 5mm x 8.0mm) ,60°C#t T )5 , IR 7E T

- 15CKAEF &
%1 SEEAREARAULFAR(%TE)

Tab.1 Formulation and chemical proximate composition of reference

diet ( % dry weight)

JE ¥} Ingredients % & % Dry weight

4%} White fish meal 52.0

K E.#} Soybean meal 11.0

B4 Yeast meal 3.0

#3H Fish oil 3.0

K G i Soybean oil 3.0

/NFE R Wheat meal 20.55
#H R Attractant 0.3

55 18 5% Meld inhibitor" 0.1

L E AL Ethoxyquin 0.05
T IE & ¥ Mineral premix’ 2.0

#AERBEY Vitamin premix® 2.0

£ ALAE B Choline 0.5

KGHERE Lecithin 2.5

{20 BL( %) Chemical composition ( % )

L% H & Crude protein 44.3

HAE W Crude lipid 11.3

K 4F Crude ash 11.7

HLA4E Crude fiber 1.5

7K 4} Moisture 7.3

' 50% MERFS M S0% B SR

EHLERE 7 (mg or g/kg diet) : FALH, 2mg; BUILHP,0.8mg; &AL
45(19%),50mg; BEBR 1 , 10mg; BLBR 4K , 80mg; B BR 45 , SOmg; i B 42,
60mg ; B BR % , 1200mg; % R — H 45, 3000mg; & fL 84, 100mg; 3 4 #7 ,
15.45g

S BB H (mg or g/kg diet) : ZEAEE B, ,25mg; K K ,45mg; 4
4 F B (EhER ML BT ) ,20mg; A K B,,0.Img; 4 E Ky, 10mg; UL
A% ,800mg; 4t 4 & B, (V28R ), 60mg; AR , 200mg; M BR , 20mg; £ P R
1.20mg; B4 F A, R2mg; HEAEE Dy, Smg; 454 K E, 120mg; A4 K C,
2000mg; Z, L IEHE ML, 150mg; IR #),16.51g

'50% calcium propionic acid and 50% fumaric acid

Mineral premix (mg or g/kg diet): NaF, 2mg; KI, 0.8mg; CoCl,*
6H,0 (1% ), S0mg; CuSO,+SH,0, 10mg; FeSO,* H,0, 80mg; ZnSO,*
H,0, 50mg; MnSO,*H,0, 60mg; MgS0,+7H,0, 1200mg; Ca (H,PO,),*
H,0, 3000mg; NaCl, 100mg; Zoelite, 15.45¢g

3Vitamin premix (mg or g/kg diet): thiamin, 25mg; riboflavin, 45mg;
pyridoxine HC1, 20mg; vitamin Bj,, 0.lmg; vitamin K;, 10mg; inositol,
800mg; pantothenic acid, 60mg; niacin acid, 200mg; folic acid, 20mg, bi-
otin, 1.20mg; retinol acetate, 32mg; cholecalciferol, Smg; alpha-tocopherol ,
120mg; ascorbic acid, 2000mg; ethoxyquin 150mg, wheat middling 16.51g

£2 ZBEAMLMERERKIAL(%)

Tab. 2 Proximate chemical composition of experimental feed ingredients

ok HEH HAE K 4> K
Ingredients%  Crude protein  Crude lipid Ash Moisture
Ak wiMY 68.9 10.1 17.3 4.6
41 £ ¥ BFM 61.0 8.7 21.3 5.8
& % MBM 42.3 8.9 38.7 4.4
TH  SBM 46.4 2.0 6.3 7.6
T8 4 ¥ PNM 51.9 1.9 6.4 9.0
AT HI GSM 38.5 3.1 12.6 7.0
iR CSM 40.3 2.5 5.9 7.3

VR R R LK R R 4T BB R LK PR A AL
BB T T BB TN 250 (A 8 ) R Ty A PR A 5 B2 M
016 A R A PR R SEORF A - S S AL R T s AR
B MR REIELA

UWFM: white fishmeal, obtained from Cishan Fisheries ( Shandong,
China) ; BFM: brown fishmeal, obtained from Cishan Fisheries ( Shandong,
China) ; MBM: meat and bond meal, obtained from local market; SBM: soy-
bean meal, obtained from Yihai Oil Co., LTD. (Shandong, China); PNM:
peanut meal, obtained from Qingdao Changsheng Peanut Oil Co., LTD
(Shandong, China); GSM: grapeseed meal, obtained from Bengbu Huayuan
0il Co., LTD (Anhui, China); CSM: cottonseed meal, obtained from Gao-
ging Oil Co., LTD (Shandong, China)

1.3 ZBERE FHILIRAEBKFAXAMAN.5mx
1.5mx2.0 m) F#4T, BEE N 7.0 mg/L EA 2
R 22.5%0—28%0 , KIBHE 23.5—28.5CZ[H , &M
FFHF 100 BERA, SMEHEINMER, BR
W 2 ) (07:00,17:00) , KR E B RE. BB S A
G RAFEEKRELRFEREM. BREEERBFEZM
(R e 8] B R Sd, DA K B R R IE B AR DR
1.4 #RERXE EFEMNRERAFEE. EER
‘WK AE, 2 A A F B (56 2.3.4.5 F6h)
Bexd 2B AT URER , 65 3R K B0 K B A e 8 WR 4R B Sh
EAEFHKEHHIEE, Bk, #E R R E 8 5
BIGHE Sh, LIt A T & B (1:10000, b #F L5
IR EEE)RE,BTIHETHRNATS  BRIE
R, R AT REHERR SR AR B =9, RS FEALT)
BT 3em AbRRBT R BN, IR L FME, FEERIBLA
HERT, BERPBTEHBERERIIRAET
-20C vKFE AR

1.5 HSOWMEALENITE R SEHRE
ERERYE 1SCHTEHEES, RBETYESE,
RIGHATELNE . RAYKEREWEEREBS
RSB BUNETHERFE 6.25 IBHERESE; X
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ARKMRE, LB RN ERE N & & Kk
MTERY EIRALE, E B P B (550°C) 8h fa
WAEARESRESETEM RSP B (P S
BERHBERBASE 7&K LS5 L (ICP-OES;
VISTA-MPX, VARIAN, USA){U5E .

Ea AR LR AR TYR S MERRS (E
O BERT B REER M RMHARITEAR N

FRTFHRBRELE = (1 - AEPCrR0,%/
P Cr,0,%) x 100

BERBSKEERBHELE = [1- (AR
Cr0;% x BEEFRMT %)/ (EEF Crh0,% x 1d
BEFRD%)] x 100

AR TR EFRBRISTIRVELR =
(ERMEEEFRRSORWHEE - 0.7 x A
B E J2 R4 BRI L %) /30 x 100M°

St F8 SPSS 11.0 for Windows X ff 18 ¥ 48 #E 47
R & 77 243 HT (one-way ANOVA) , HZREH B E,
W4T Tukey ZE I, BFMHKFERH p <0.05,

2 8 R

SHERN TR EQR B BMEEY
RWHEAFRME 3 Fin., FREEZETYRERLH
R EREZE(p<0.05),7 43.6% %) 70.0% Z |,
Hep a8 (70.0%)5 G H1(68.2%) & &, AT K
WAL K (66.5%) . 40 8 (65.2%) . A & B
(52.4%) . 3 ¥ # (50.6% ), T #3 AF ¥ R AKX N
43.6%. BEE W RIIBIL FTE 42.9% 3 82.6% Z
], Hh A (82.6% ) LT K (80.5%) BE &
FH A& FEE, BE 8B EE S TR,
EEEFERMMEALR,

£33 XHEEXNTHEARNENTYR.ZARJEW . B REROR TN R (CFHH « fRER)

Tab. 3 Apparent digestibility coefficients (% ) for dry matter, crude protein, crude lipid, gross energy and phosphorus of practical

feedstuffs determined for large yellow croaker (Means+ S.E.) !

KM (ADC %)

FK Ingredient’

T4 i (Dry matter) % 4 B (Crude protein) B B (Crude lipid) B (Phosphorus) fE & (Gross energy)

Al 5 #O8 (WEM) 70.0°+ 0.8 92.4°+ 0.1 90.5°+ 0.1 60.3*+ 0.9 82.6*+0.9
£1 8 %} (BFM) 65.2°20.5 89.3+0.5 88.3*2 1.0 53.2"+0.5 80.5%+ 0.9
B # (MBM) 52.4°£0.6 78.3°£ 1.6 74.2¢+ 0.6 27.6'£0.3 70.2°% 1.3
ZHI(SBM) 68.2* £ 0.6 84.5*£2.0 90.0°+ 1.1 35.9°£0.1 76.3+ 0.4
TE 4 ¥ (PNM) 66.5°+ 1.0 80.6" + 1.2 82.6"£0.8 37.5°+0.8 74.7"+0.7
FAFHI(GSM) 50.6° £ 0.6 79.4°+ 1.4 76.3+ 1.0 21.5°£ 0.4 66.4+ 1.0
HEAFRI(CSM) 43,6+ 1.0 70.7Y £ 0.5 61.39+1.2 9.3'+0.3 2.9+0.6
ANOVA*

F value 283.2 55.7 206.3 1550.0 356.2

P value < 0.0001 <0.0001 <0.0001 <0.0001 <0.0001

'RPFAREAPHRR I EEORHER, RTTAN LEFERTES B E(p<0.05)

ZADC R WML E
“ANOVA /R BREF EH T

'Values are means and standard errors of three replicates. Means in each column with different superscripts have significant differences(p < 0.05)

? Apparent digestibility coefficients

*WFM: white fishmeal; BFM: red fishmeal; MBM: meat and bond meal; SBM: soybean meal; PNM: peanut meal; GSM: grapeseed meal; CSM: cotton-

seed meal

“ANOVA One-way analysis of variance

FRHEROEDRRWHALEMN 70.7% 3
N4%, KbamEREOERNaahEERT T
BFAEDERF (p <0.05), T EH(78.3%) N &
ERTEHAW (92.4%) . 4 ¥ (89.3%) 1 & #i
(84.5%)(p <0.05) , A KT (70.7%) .

FIER R RRELEIRG T 61.3%, 4

W AERMENZELEZEER BHEERTH
fib 45 A0 ERE, T A B R SEAT I B B K FAEA R (2
B TR (p <0.05),

JEURL B B R VLT AL SR BR 1 fa k) R AT R T L R
BT 53.2%50, HAERAE 37.5% AT, #6649 K
NHK93%. REMMELMZMERANEEZI,
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HoAFoRHE B RN T E R B3 (p <0.05),
3 3 it

TH AL SR B 5E A2 K P S i AL A BB S Y — 1
HEBENA. AR AR R TR
A A R R AT AL R R 0L, R T A
e A B Xof 47 Aok SR Y P FH BB O (AR [) — b JBORE, A
FAXTEEARHYE DB AR), B FEMEF
HIBEFRBTMENY REWENEZEKPEER,
B, 00 5E 8 28 fRDRLERH B TH AL R LB AR S R
SR, BrLL, 608 B9 WO EE 7 i 5 TH AL R W & 45
R P D AR O£ B AT E BR bW g AR 26
Y EBEA LT LR (D EEIT S il
B TRBRG , BR BY M), U2 AT 68 R B
HIRE AT SR G TERLTTHT 3 om b HYIE K B
), Wi 28 s () M BNENT 0 s e TR AR
Ba B, B R I (1—1.5 em) A9 3£
f; O KL ARES, NILTTHE AR
BE RRBWHEWBETHIEMR, UE=F)F
LA DO R E SR B K R R R B IX L IR
FERHELR M, o0 AU EH R, R ERFER
WARESTE 2K B HROUT HE B 25 5 (4) 7 BIR
Boik 2 e gh ta SR FE KM P, LB 1 —HE 38
&, 57 BP A 3% 3 8 MK PR 5 (5) 3% 20T 1B A
(OB 55 . X ILM s S A ER A, B R R
FE I B E G Pk BB 2 G AT LLE B KR S
i AR 77 76 i 18 FR B N R TE AL R (), B 75
HARME R TEBRE . MHE T EAS AR
ZEME (B 2S5 B B B AF AU B R B AL B 4 kL, 3
TRA T A 72 P A P 43 0 Y T AR R T A
T bR MR A S B, AR TE AR
TRAR 5 37, BV BB 1 3% SR 18 i v R B AT ¥ S 0 =2 0 5
W HE s B9 ZR M MK (B s, B R R TE KK
o —ERERER, I E R HE LR ES T LR
fHo Lee HEST =M ikl B R A RN A%
ERBAEMEMERERN T, LARBIEELS A
MFammE P ESE2, B TFALBEZRE
K RS AT, TR AL BV IR RS I i S IR I
AT o [RIB, AL Rk A Tk e B 4, B AR 52
BR AP ET R E LRt FE

AL B A, SRR Z 8T 4 R OWE R
43.6%% 70.0% 218, AR 5 EN . aam 5K
MIZ B2 FIF A B3 B 73 5B M i Y 2 O SR FF
HA(50.6% ) FIAR AT K (43.6% ) B TH 1L R 41 97 B M

&, FB , BB MaalNREEELEEEST
TR R AT AR AT R A E B R
B ETRESHEEREMAE, FREHA,FAE
FER AR E AL R E R A H R R R B RHZE
S,— i, AEEARX S YHEEON T YR
BRI A THEYEESGN 22 XA S5
EABK SR &ML EaRAE X", By
HEAFBRKEEYHEREE 0 ESL, Kb e
REFr i el s, MoKk s ek = i 4 R g
ARG, MR R ER G A AE AR Ea
BHARER( > 8%) Al fig FRAK A IS X 18 6t T4 & Fn
BE B BT AL R %00

LEFRERNTYRBEAEG2.4%)MEER
WL (70.2%) B BK FHEZERE A (451 H
86% F 86% ) Fl Lee 7E 4 i B9 BF [ 25 B (4 B
7 95%F 93% ), [a) Bt , AR T S H 07 A K B b A
MEAXE5RZEANMRERAR. HHRHR
HAEBRNEEEARMHREIZFBER AL
Erl b E, K2 N, RER KT EIXE
38.7% . RARNBEHFTIFERZNEN, REKZE,
XA REERNERERYREARRENEERRA,

FREMEORREEFMARERNBEERNT,
T f0 2% HL 2 1 o 9 7 10 3R 2 0 i J Rt el ) P M 9
FEEERD, EASE R, S FREE G RE LR
e, Kr g ammatadaRas 17 92.4% M
89.3% , BB i T B0 AEAE R R IR FF R L P
HYHEAREE, XFRARNFERRE, —2AHE
H YR B2 E BT B B T IR0t 9 2 55 B2 4H 5 Al Al
., 5 EQHL  HYEQTFELFTFRAERHA
PP e H AR EYEANAAREMK; 2
WY E L& H MBI ERE TS Eid
SEMARPHEARIK. »—FE, ALE%, g
FE A TR RO R ETVE AL R ERTE 70.7% LA L, K RE
LR AT s KB A T AL U Sullivan TA 7 4R)EH B AR
MEAORMEBERANEASIYELRBFEENED
BEE AR ZHEYEQREESRRIYED —F
Wepy B £ R 2 B A O R AL I,
M) B 1 A0 SR AR AR R AT AT AR R R AR AT LA
AREHAANTRSAHEDRE.

JEM R MBI FEENREERE. EALEYH
A Ak s ML R 2 A 90.5% M
88.3% , i B K ¥ £ RE 05 5 4 3t R #0819 B B
HAAERKSENERERE, X 5HEMAEHEALN
TR R AP, SHBBE B RGBT
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90.0% , Ui B K A5 5t 22 K 36 8 1) — Fh AR 4F 10 68
BXREVR. AEMBIEHEAEN 714% , 88 F
McGoogan H1 Gaylord Xt £ B a2 (435 k 74%
MT79%) B BF R 45 R, XM B G I kX
(716.3% )R TFHEmES e FITENER
(81%). MAFHIMIARHIEILE N 61.3% ,fk F NRC
XBEA X R S R (88%). BIRERE
B, R MIEI L 85% 3 95% 2
] T E AR SE B op A B £ X AR 4 JEORE R Y B R
FITHARE R TX—HEEE, amfixomes
TENTEA DR A 7= o il ok 1R B9 32 22 5 B ok
U5, % T A8 AE T SRKF T 55— LE A W o 0 ) AR 7
— SRR A B ERETEALNATEA FH
FREMNA,

REANOERMOaRTHNELES Wi-
son VR 3T BE A5 R M £ 68 AR B S AL R (60 % ) HIEs
RAHIE, KEAax SHBEREAER 35.9%, 5 Hil
N L BT (319 ) R BE A B @) (35% ) TR
FZRMEAMUEHBMRFEAI T HKE L E
(66.7%)™ XTIRERH B A WY EHa%, K
T X AR 0 42 R ) R A8, T K 3 £ X AR e
HITE L2 (9.3% ) K K #LIK F Gaylord 7£ 35 H 41 1)
(40%) L HIFFR ., ALWmPREA QEaHMaa
WBERIEALE B E & T BB B JLRE Y 1 1R R R
B FEREHEFRRIRTANABREETRENE
WMTEE P ER RERBE, X B XE o LAY R
MEBEEROKIBERENIERTFED, Faa%
THACIRM . TIAE 40 T e oK) o B Bl 32 22 LAAE R I
R RAEE ), T N IR PR B , A BE A
FARRR BT, DR T 2 Wi Ok 3 A X A 4 4 A R RO o
BERITEILE ., HAl, BEFXERAREFERPHIMER
RIS IR A BR B , B R A% TR 9 A BR L, AR AR
TR U R SHEBREAMESR S8R .M
BRSO NTR &Myt E SR PR i sk
K LR A TR BB, R R Y
PAREEUREMEREFERERKEE LR wE
TE/K =R A 7= e g g, B X T AR R B 7E SE B AR
AT EA SR,

A2 , REAMARESMRRABELEFER
KMES, EFALESD, EERHEDRELE
FREC R, U B X e DR} RO 3 AT AR A KB A DR
HEBNRE. R, &RABNELEEREX,E
T (DR AL T 1R T A R ik B B O KRR I U B T
Ak 9% Y o] &

S KK
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APPARENT DIGESTIBILITY OF SELECTED PROTEIN INGREDIENTS FOR LARGER
YELLOW CROAKER PSEUDOSCIAENA CROCEA

LI Hui-Tao, MAI Kang-Sen, Al Qing-Hui, ZHANG Lu, ZHANG Chun-Xiao, ZHANG Wen-Bing and LIUFU Zhi-Guo
(Key Laboratory of Mariculture( Ministry of Education), Ocean University of China, Qingdao 266003)

Abstract: Apparent digestibility coefficients of dry matter, crude protein, crude lipid, energy and phosphorous in white fish
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meal, brown fish meal, meat and bone meal, soybean meal, peanut meal, rapeseed meal and cottonseed meal were determined
respectively for large yellow croaker. Apparent digestibility coefficients were determined by using a reference diet with 0.1%
chromic oxide indicator and test diets that contained 70% reference diet, by weight, and 30% of the test feed ingredient being
evaluated. The fish averaging 15.0 + 1.6g were reared in floating sea cages. Feces samples were manually stripped from anes-
thetized fish to prevent contacting with water. Apparent digestibility coefficients of dry matter ranging from 43.6% to 70.0% ,
and the values for rapeseed and cottonseed meal were lower (50.6% and 43.6% ) than those for other tested feedstuffs . Appar-
ent digestibility coefficients of energy reflected the differences in dry matter digestibility, the higher digestibility coefficients were
observed for white fish meal and brown fish meal of 82.6% and 80.5% , and lower digestibility coefficients were found in rape-
seed meal (66.4% ) and cottonseed meal (42.9% ) . Apparent digestibility coefficients of crude protein ranged from 70.9% to
92.4% indicated that these feedstuffs could be efficiently utilized by large yellow croaker. Apparent digestibility coefficients of
crude lipid were higher than 74.2% except for cottonseed meal (61.3% ). Apparent digestibility coefficients of phosphorous
were low (from 9.3% for cottonseed meal to 62.3% for white fish meal) and showed significant differences among the feed in-
gredients . These data provide more precise informations concerning nutrient and energy utilization of large yellow croaker for these

protein ingredients and will allow ingredient substitutions in practical feed based on the levels of fish nutrients.

Key words: Large yellow croaker; Pseudosciaena crocea ; Digestibility; Feed ingredients
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