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[(WE] DM eh EZEEARE, =822 (Y,0,) 1ERAMEHE R G SR mR, L
F i R 90% M BRI 109% A FREI SO Bt i kL, W2 T 44k Rana ( Lithobates) catesbeiana Xt
RER, KT, MIKEA, BEEAMEANS MBS T, HEAR, #, Sk
AER AR E RIS RRI . A xR AR R 9 B 2 WG L3R AFE 45. 7% ~90. 9% Z[h], H
P A (90.9%) > HEAWR (81.4%) > HEE N (81.3%) > WEM (51.2%) > KEFEH
(45.7% ) ; £ JFORHAIHLEE (M B A9 2 WL AL 2R 7E 65.6% ~87.6% 2 I8, HhMmFEN (87.6%) > &EHAMK
(82.6%) > JHIEEETT (80.0% ) >HHEHK (69.5%) > KIHMEK (65.6%) ; RERHFUIMILRLEMIEEN
(81.2%) . WMEEET (80.4% ) MBI (79.7%) =& ZALREER, HHEES THMLH (P <
0.05) ; AFhiEbkEHEURHEES B FETH LR M R BV R B AR (74.7% ) . KIEPEM (70.3%) | 13K
EH (69.8%) . MIEEH (64.5%) . WEK (63.2%) ; BB HI UL L5 BURAK K 8 & A K
(82.8%) . IMIKHEH (80.5%) . MIEEH (80.2%) . KFFTBH (78.4% ) FIAEHK (75.5%) . 45
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Abstract: A reference diet was formulated with fish meal and soybean meal as the main sources of protein and
using yttrium oxide( Y, 0;) as digestibility indicator. Test ingredients included porcine meat and bone meal, hy-
drolyzed feather meal, plasma protein powder, dried porcine digest and peptone. A test diets that included 90%
reference diet and 10% of the test feed ingredients were used with 0. 1% yttrium oxide included as digestibility
indicator to determine apparent digestibility coefficients( ADCy) of dry matter, crude protein, gross energy, phos-

phorus and calcium in selected feed ingredients for bullfrog. The results showed that the ADCy of dry matter in
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those tested feed ingredients varied from 45. 7% to 90. 9% . The tested feed ingredients sorted by the ADCj of
dry matter in descending order was plasma protein powder(90.9%) > peptone(81.4% ) > dried porcine digest
(81.3%) > porcine meat bone meal(51.2%) > hydrolyzed feather meal(45.7%) . ADC; of crude protein var-
ied from 65. 6% to 87. 6% among all ingredients. The tested feed ingredients sorted by the ADCj of crude pro-
tein in descending order was plasma protein powder(87.6%) > peptone (82.6% ) > dried porcine digest
(80.0%) > porcine meat bone meal(69.5% ) > hydrolyzed feather meal(65.6%) . In this study, ADCq of en-
ergy in plasma protein powder(81. 2% ), dried porcine digest(80. 4% ) and peptone(79. 7% ) had no significant
difference, but significantly higher than those in other ingredients (P < 0.05) . Ingredients sorted by ADCq of
total calcium in descending order was peptone(74.7%), hydrolyzed feather meal (70.3% ), plasma protein
powder(69. 8% ) , dried porcine digest(64.5%), porcine meat and bone meal(63.2%) . Ingredients sorted by
ADCq of total phosphorus in descending order was peptone(82. 8% ), plasma protein powder(80.5% ), dried
porcine digest(80. 2% ), hydrolyzed feather meal(78. 4% ) , porcine meat and bone meal(75.5%) . In conclu-
sion, the plasma protein powder and peptone can be used as high quality dietary protein sources for bullfrog.

Keywords: bullfrog; apparent digestibility coefficients; animal protein sources; feed ingredients

0 3%

4t (Rana (Lithobates) catesbeiana) Jiy= FAL N TEFE L Bk LI, ZUE R ARMEERZ —, K
PIBTEED , MOBE®RESE | SRR . mEFRNME, RZERNINETRE N ER, EAR, KEA TR
R SRR, HEAR AR A BRI FRAE Y e ZJUAE, ZRREUA s 0 307Gy R B R4
Tt wEAh, ABEITRI S (BRI RIS TR AR AR 25 O B A AL R
FEAYT R, XD R R i H ARG, SRR el b 32 288 P Bl it ok (0 o H g Rk, I
ok, BEE RS RSB T, SRR R P R Uk © 20O M B E FR A I R 2
—, O TR BT EURMAE A A | BRI S RS A 1) % FE AR TN 1 2 i 7R A 48 U A B LY
B, i, S TR AR SR E TRAE, THREUE P BUELE S AR N R TH AL R A
FERAELATE T AIRIGEEE BB . KRR . MR R ORI (R SR 5 Rl A 1 A AR R
JEURE, AR LR S AR OB FEIE b3, AR A S0 & ik b ) A B PR LR R

1 #RFFEE
1.1 iRIefRA R A B &l

R 2 e 19785 TR T SR OR il S mb iR kL, DA By AR B A IR, R S R BRI, il
G EEARIGIR, IR T IO Ak Ak AR B HIER AR, Ay SR A A LR 1, R A R
FIECH], DARERY ORIETHE RN T f b8 f o ESE IR . KRBk ORIBETERE, I
MoK . MAKEE CRIE TR . BIEER CRETEBIE) . EAM CRIETH T B
MR, IR ) 55 R EaER (i SEE S E B SOl iR SRR ph S AR At ) SR A
B, =85 (Y,0,) YERAMESE R, LABTHE 7380 90% 0BG REHFT 109% (17 I S5} e )
B 5 AL, R e iRt 60 B, AR mDEHEURHE L0 E B 5 B GOR A ), ARG
TNAGE &K BEFE 2], A= AR AL LR L BN 4. 0 mm AOGDBHEORL, 7E=E N 18 CAAH KT
&, BEARAETE 20 CAEATPIVKAR TR & o Rl JEORE RNt e i fh 2 4 L 36 2,
1.2 Zh¥iAFESEE

RIS A i R T TR e e —370E Y, MR —#R bR B i ghid, BRI, 4k
WA TN (63.5 £4.4) g, FHHLPERIZE N 18 P/KIEFE (68 cm x38 em x36 ecm) HHE T FRFHIRSG
FGRIRRL 1 S, RS A4 R E TR S S R RS ERE A,
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Tab.1 Ingredients and proximate composition of basal diet( dry matter basis)

Py Py
405 Ingredients M;E i):o f% o 14 Ingredients M;E ijj% o

84} Fishmeal 20. 00 #erE ZIRAY) Vitamin premix® 0.10

5 Soybean meal 38.00 WY BIR A Mineral premix® 0.50

TAIA Wheat flour 27.67 =AM Y, 0, 0.10

B AE Lecithin 1.00 F#) 5 Dry matter 91.10

LMl Soybean oil 1.00 s MEFFT Crude protein 38.10

FE31 Fish oil 1.00 _F HUIBME Crude lipid 5.00

BB, Choline 0.50 S5 RS Code ash 7.93
BER — 4045 Monocalcium phosphate 10.00 Eﬁ % 55 Ca 1.53

B 877 Mold inhibitor"? 0.05 - E wp 1.74

Y42 C L-Ascorbate-2-phosphate 0.03 & JABE Gross energy 17.82(MJ - kg™")
CAAIEMEI Ethoxyquin 0.05

Pl . 1) 50% NFRESHI 50% & SR, 2), 3) % 3CHk (97,

Notes: 1) 50% calcium propionate and fumaric acid of 50% ; 2), 3) refer to reference [9].

x2 FHMEMSIKEABMNKFEAR(TYRER)
Tab.2 Nutrient level of test ingredients and test diets ( dry matter basis)
}ﬁié}éﬁ( Mass fraction/ % ¥4 ﬁlé

T ML 5 RLIR 7 HURS B4 KB Gross energy
Dry material ~ Crude protein Crude lipid Crude ash Ca P /(MJ - kg™)

JEOR B

Ingredient or feed

BEEg)

. 92.0 61.7 7.8 20.7 7.5 4.0 16.6
Porcine meat and bone meal
K AP E R
Hydrolyzed feather meal 94.8 92.6 6.2 2.1 0.5 0.2 21.8
PR A B
PR R 92.0 83.2 8.8 9.2 02 2.1 19.3
Ingredient Plasma protein powder
%Hﬁ%e . 90.0 58.4 11.6 17.6 1.1 1.2 17.7
Dried porcine digest
R 95.0 80.6 10. 1 0.1 0.5 0.7 21.1
Peptone
ralkl4
%E&“ﬂ*’l’fﬂ 91.1 38.1 5.0 7.9 1.5 1.7 19.6
Reference diet group
RREE e
Porcine meat and bone meal 91.5 39.7 5.3 9.2 2.2 1.9 19.3
group
VIS REEEY ]
FE1|
iEp Hydrolyzed feather meal group 91.4 42.1 5.1 7.3 1.4 1.4 19.8
Feed
4 4
I 5 21 91.4 41.6 5.4 8.1 1.3 1.8 19.5
Plasma protein powder group
= 4]
HZJHE%E(E . 91.9 38.1 5.7 8.7 1.6 1.7 19.4
Dried porcine digest group
%EH}E?E Peptone group 92.0 40.7 5.5 7.1 1.4 1.5 19.7

1.3 #HmXE
PGB 1 R G IR 28, R R 2 b 5, BRI T, K A B4R SR
WESRAGT R, 12 b5, KRR, AT PRIEAE L. B RER T, BT A
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B TSR E B A S U AE - 20 CUKFE R R IRAE 7 H .
1.4 MERAZE

PSSR A E 60 C FHET S, FIDFERBIES U R, 105 CHET ZfEaE, Wl b iy 8 2
Gy, RIGAARE . R ECRE 2R AUk A ORLER A A i DA SR RE A I 2 SR A AOAC BT
W BREED R AR S I FERR A BT, A2, SR B A A SR A S R A S
TARFEREIY (ICP-OES, Prodigy7, LEEMAE LABS, USA),

1.5 RIHULERMITELARK

SERERH ARG R TR R WH R (%) = (1-S/F,) x100, FEREERGRERLE A kS
Fr o B RE TR AR LR (% ) = (1 - (F/S,) x (S,/F,)) x100, Hrp: S Syl b 52 1 5 i o 4K
(%), FRAZFHERRZBTEE (%), S AEEHH R E SRR (%) (B & 1 RE &R
(MI/kg)), FoRZEEREEFRRMESE (%) (BENEER (MI/ke)) .

TR UL R R M T L) R BE R RIS AL W = W, + (W, — W) x (0.9X,/0. 1X,), HrH. w,
I JEORE T LB SR BRI AL R (%), W RIRE R rh 5B SR il BRI AL R (%), Wy
NIRRT BB IR R R (%), X AR B8 IR B R (%) (BT
TR (MIZkg) ), X ikt B8 2 s M 88 (%) (SO & iBER (MI/kg) ) .
1.6 HEWITE

REHIEL Excel 2016 £S5, R SPSS 17. 0 X LK BT one-way ANOVA, #5255 i
F, TR Duncan T 2 E R, 2R BEKFBRN P <0.05, LEEEFRM CEHME « frifE
W) FN,

2 #R
2.1 ot s MERER T RAORIELER

BAVEEM R P AT, MR, BEE . S FLUREE AR LRI E 3 s, Ak,
A=tk 5 FhERPRHEURFT 4 5 (0 26T AL ZAE 45. 7% ~90. 9% Z 18], H s R Ay i 2% 25 11 (90. 9% )
>EEWR(81. 4% ) > IR (81.3% ) > PIE ¥ (51.2% ) > KIEPIEH (45.7% ) . MK EETY)
BRI A s, W T HALE R (P < 0.05) 5 H RS MEEE 1 w2 18] 19 B WL A
REREMEZER (P >0.05) , HEESTREBAUKGEPITER (P <0.05) ; KEWAKEP B
HRTY BRI B 225 (P > 0.05) .
2.2 HuExd s MEMNEREEARMRIENLE

MR 3 AU, ZEARE Y, ARaEXS 5 R DR R oL R A 2R T LR 65.6% ~87. 6% Z
], HEs R R S A (87. 6% ) > AR (82. 6% ) > K 11 (80.0% ) > PIE B (69.5% ) > /K
fif PR (65. 6% ) . IML2K R A H AL (A B R UL AR 3% = T HAth & FpRURE, B IR AR A I
PIER TR EEES, (BEESGTREHHKEFIES (P <0.05) ; REBSKMEFIERMHRT
BEESR (P >0.05)
2.3 HiExd s MEMEREENRIELER

MF 3 AR, FEAREG T, ARukxt 5 FhEDRE R R R I R AR AE 75. 76% ~81. 17% Z i), H:
AR A I B P (81. 2% ) > B 11 (80. 4% ) > MR (79.7% ) > B K (75.9% ) > IKA#FTH
(75.8%) ., MIKEH ., MIEEH ., EAKF A RRERMFRWHEARTEEES (P >0.05) , (HEES
TREBHKFEPIES (P <0.05) , HREHSKEPEHPEETREEZESS (P >0.05),
2.4 HmExd s MARERES, SBERVEMLE

FEARG Y, ARx] 5 AR EES  FIIE LR AE 63. 2% ~70. 3% Z ), o RIT &
W5(74.7% ) > KPR (70.3% ) > M E T (69.8% ) > I (64.5% ) > W B (63.2%), HH
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JR R S R WAL R B 25 = T HAB AR R (P < 0.05) 5 MR F -5 7K A P 6 0 T 7 ) O f 2 1k 2
(P >0.05) , (HERESTHEEAMAER (P <0.05) ; RENEERTHMASAER (P <
0.05) .

TEAGREG ARt 5 Ak FORE BB 1 LT FE R TE 75. 5% ~ 82. 8% Z ], Him fIRIT
M (82.8% ) > MK HE M (80.5% ) > MIEHE 1 (80.2% ) > KM EH (78.4%) > W 'H
(75.5% ) , FEEPEPEBERIEFRE S, SIREAMBEEATTEEE2ZER (P >0.05) , {H
BESTKEPEHAAEN (P <0.05) 5 REBFKER R RLEBH R HE R IR E XS,

®3 Hwxts MEREMPTYRAEER S SN RIELE
Tab.3 Apparent digestibility coefficients for dry matter,crude protein,energy,Ca and P of
selected feedstuffs determined for Rana( Lithobates) catesbeiana

FUHE LR Apparent digestibility coefficient/ %

e g
T TR HEAR e m i
Dry matter Crude protein Gross energy Ca P
m%*ﬁ Porcine meat and bone meal 51.2+7.9° 69.5 +3.8" 75.9 £0.3" 63.2 +2.3" 75.5+£2.2°
TR FITE M Hydrolyzed feather meal 45.7 +3.2° 65.6£2.5" 75.8 £0.7" 70.3+1.1" 78.4 +3.3"
1L 3% 75 11 Plasma protein powder 90.9 +3.3° 87.6 0.3 81.2+0.9" 69.8 +0.8" 80.5+1.0™
J IE 35 1 Dried porcine digest 81.3+0.7" 80.0+3.5" 80.4+0.1" 64.5+0.2°  80.2+0.2"
I Peptone 81.4+3.8" 82.6 £2.4" 79.7 £0.7" 74.7 £0.4° 82.8+1.6°

Yl [0 EARA R R R EZEREE (P <0.05) .

Note: Values with different superscripts in the same column differ significantly (P < 0.05) .

3 itig

RZ PR 3R AT S0 7K 5 s 40 SR RO A il 25 R i MER M, AR SR I i L FR s RD
FRNFATUCLE M L5 A K= sh P R AL S 1 I 52 K £ 2 B8 Cho %51 1Y Jr ik FH AR I JRUR
B 309 HEAh GRDRHC i atae fapeh MR Al mD i A 06 GRDRHE 37 W 5T 04 9 A R B D OB S 77
B ITEAR, {H Cho S5 TG 7 1k W 1 JE Al e A AR AR T e v SR A 9 e X0 5 225 SR 1Y)
S, Bureau 55 B ARG R UL, dE— 2B T R SRR RS 1 I SR I B R B S TR 1
S, AR TGS ANl i AE , SEm falRE S 30 SRR ) 3R P 5 1 25 S J0TR 56 4T BR . NRCHY
W RTESLBRRG TAES, 7:3 XA HBIPEARR EEATTAZ , Ho il i 8 2 s 02 Sk i e i il 17, 4
THAEME LR AL A7 G I8 DR 20K, DL RIS I W TH AL S . AT B e FH R faDRL OBk b 2 K
-9 58. 4% ~92.6% , i TAREEE ARG EE (40% ) o NI TREFR T U RAT S AR, A
LG R T o (FERETRL) w0 (RRECRE) 24 90 1 W I MEIR IR, AR T Bureau %1 1715, AR
B BRSO SO A AR, BRSSO AFIRDRLER 1 B 4 A i R, Ak, TR AR
(022 S o e I A R RHRORL B &, NS PRI hRRL b, KRR B A g, AL 2R
TR, 4% 7:3 WHIRIHRE R, A RART 60% , 1M 235 e A de o fRDRE BB 3, AT
AR E SR, AT 7:3 Wik, ARSIk 9: 1 i) )y 2T BB % A 22 PH 3R 1952
TS T AL R 4 R REAR Sl S bl JEOR R Bt B 3R, T, ARS8 R LIH AL AR v i P R AR 750 =
A =AML TE (Y,0,) M=HATH (Cn0,), AERMHIE =8 (Y,0,), AFRE
B, RIS Cr,0,, SR P AEF (Oreochromis niloticus x O. aureus) X FEIIAIA , 2E TR0
HARE , FREAREEN S TS BB R Cr, O, e Rt AR, SRR A
( Ctenopharyngodon idellus) JEWBEI /W S8 HIE M, AT R, Cr,0, 7E5 B2 (H b it & B 1
A 74.0% ~86.0% , WHlZUA 5 Cr,0, XTEMRY A IE Th AW, T ARA KT Y,0, 0 3h¥)
BRI AR e HGE , HILAEN 2 K S5 ( Oncorhyachus keta) FEESEAR ( Oncorkynokus mykiss)
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FMT AR PR R A, AIRER A Zhang S5 WS RSN A R S A O vk, 3
DR AR A SE B 268, AH HLAL SR B RIS | )it R ek | A I A
LS, IR RERE G T T BN R N, SRS T A P SR A K R e R

T b 4 o 14 2 TS P 3 sh A e DR AR T A e T B et A, AR X 5 R AR R
B TP B RTH AL ZE R 45. 7% ~90.9% , £ kA fEAE 25 22 5, Horh, & A 14 i 00
AR, HREEARMEEEN, &IREREKEP TR, GU5RERWE, K731
R, 3 R S AR T Y R R AR ARG AE R, R R T R UL L R g
%, XTReeZz Hm Ko (20.7% ) B92W, AL &5 SR AEBE 5 R (Ictalurus punctatus) (5]
WL (Oncorhynchus mykiss) > I AR > A 738 , ARI AT, K AP B A A9 40 5 L3
TERTE 5 FHERI AR, Zhang 257 5T, BB EAREHEAR SR (92.6% ), HHE
IR FZ AR E A NE e, BMEL R iR, S, HOK BT R 584, XELLBE s PiE L
W, PR, FKAR B AR T4 B A 3 2R TR AR 3R 1

TEAIRSS ARkt 5 Fh sl 1 EORE TR ORL R BT A UL AR AN TR, JEETE 65. 6% ~87.6%
ZIa, HES5 19 5 RWHE AR, AR, K& A& P RWIE R RS
(87.6% ), 5 Zhang % 4l A= ek xd 0k 1O R (TR WAL (87.6% ~89.8% ) 45 RAEIE, A HF
FERY], MKEAmhSAREAEN, F4EN, KEALDERY R, HA N Trh &t @k
A, Wig TR, $Rm TP, AT A, b E AR AR T B, H RN LA
95.0% A1 AW 2% B FUOBHE— RO RO A B ECRE, T AR T AR LA AR, R R
A EE WA AN, KIS, 5 TeshP R > AR50 RS R il i sk
W2 EEE . TR ARIRY R, HS A 40% UL EBYIKZE . Boze 25 PV HIFSE R, /NIKTE A IE M
W HA U R, SRR FERRAC . IR G, DMKE/MKZ s T4 5, 2L/
IREIE AL sh R (A, vl S 340 L R (R B R, e ALAR AR I gRds i, I
FFAETE R B A U AN I3 B by, X HAE RBCR L Tk, Ak, ME&EE (80.0%)
M R (82.6% ) WY EE 15T 38 W0 TH 1k 28 & I T 2 ek o 808y (9 28 11 Br R TH AL % (87.6% ~
89.8% )", {H5 Secco % I 1Y A= ek WRHISL T R 1 2R R RLTE AL R (81.0% ) 2T, ULHARME
BB R VR I 2 A R R 2 i AR B B B 1 B, FEASIRES T, KPR B 2R 1 LR UL AR
T HA AR ERL, HEEHE Booth 5 BEFEHIML, P ER AAVE FR M E AT 2t TH &/ &K
AR LR A E IR R E IR, Davies 5 MRS & B, LERRIN 65 10 ( Dicentrarchus labrax) | 4
L (Sparus aurata) MK H L (Psetta maxima) SEYF T, REBE A TRWHEARE S THE
K=l o AR ZE AR, BB AR 1 BT R AR A TOK AP B .

AI b, 5 FEh T EUR BE R RMIE AL (KT 70.0% ) BAER m AT, B4 i X £ 5
PRI RL A B RE R RN b 3R 1 . EER . IR D R R IH LR B T K%
PEMMAEK, KA S TYRAFRIMERERL, X5 Lee ™ R —3L, Lee 5T 1R
W, ke ER R S R K A AR T R RE B RTH AL R BRI SRR, A
Al 7 | H i 1 R WLH AL 2R B A

IKF= Bl W) 56 2 R R 2 R DR R R R TR AR S (RN [R] T A T 2258, TS . SRk 3l
YWEETYILRZ —, TEARE T, B 8 ek i RIS AR R w0 74. 7% 1 82. 8% ,
Ui AR ik R U M R A R b S el . o BREIR . R AR AR P e SR AR
TGN 80.2% ~82.8% , 5 Zhang %51 W 5% A4 Mk Xf fa My h B A0 RIS FL R (84.8% ) ML, £F
DI ER MR OB T BRI T AR R T, B e o LT Ak RS A ot 40 4
AT TE AR — R TE 95. 0% LA LAb, . 8k, ST W Boc R AR MHER, U LEEGREAR
RIS 3, WS 0 R AR EE R B G REEL, Agd, KA A rh A5 R 1) R T
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RS, A% 70.3% T 78. 4% , ATRESHAE (0.5%) . B (0.2%) SriREA LD f
SGUUHEAES (Lateolabrax japonicus) X AEHERHE LR MBS & B, JFURb b & bbb A
R AR E R B R B, R A i Tt — 2205

I E

4 Z5ig

LR, AR IR . R AR AR R IR, AT A R A e R R AR
e IR, RN R . KT B AR, (H i TR, AT LA
it & AR S BRI LA AR AR A

[ & % 3k ]

[1] SRR, skfpime, ¥, 45 RHE A BAARIIZK X Atk A K PR RE RS [J]. K74, 2014, 38(6) : 877-
887.

[2] PASTERIS S E, BUHLER M I, NADER-MACIAS M E. Microbiological and histological studies of farmed-bullfrog ( Rana
catesbeiana) tissues displaying red-leg syndrome [J]. Aquaculture, 2006, 251(1); 11-18.

(3] WBHERE. KXt 21 Rk EOR R AL S R SR 2T SY [D]. 58 PREIEHERY:, 2010.

(4] ZRERR, WRortfr, BRIOHE, 55 AGZSiEsRSmes (M), 2 e dest: sPEK T AL, 2011

(5] i, AZMERR, WPOME, 45, RS IUR R A SRR AR SE [J]. KAk, 2007, 31(3) .

370-376.

(6] BITMG, XA, HK, 4. wEAXTok e PRMHARNE I EBTE (1], PRk, 1999, 38(4)
8791.

(7] MrtbAlg, 25, wtoot, & FAXT 17 FEDRHECRDH S AORDELIE I B9 AL R (0], s EDK7 R, 2001,
8(3) : 59-64.

(8] g, Max, KO, S FAX 8 Al sU b B SR BT A RN E (1], ShE IR 54, 2012,
24(10) ;: 2050-2058.

[9] ZHANG C X, HUANG K K, WANG L, et al. Apparent digestibility coefficients and amino acid availability of common
protein ingredients in the diets of bullfrog, Rana( Lithobates) catesbeiana [J]. Aquaculture, 2015, 437. 38-45.

[10] AOAC INTERNATIONAL. Official methods of analysis of AOAC international; Volume 1 [J]. Trends in Food Science
& Technology, 1995, 6(11) : 382.

[11] CHO CY, SLINGER SJ, BAYLEY H S. Bioenergetics of salmonid fishes: energy intake, expenditure and productivity
[J]. Comparative Biochemistry & Physiology Part B: Comparative Biochemistry, 1982, 73(1) ; 25-41.

[12] BUREAU D P, HUA K. Letter to the editor of aquaculture [ J]. Aquaculture, 2006, 252(2/3/4): 103-105. DOI.
10. 1016/j. aquaculutare. 2006. 01. 028.

[13] NATIONAL RESEARCH COUNCIL. Nutrient requirements of fish and shrimp [ M]. Washington (DC): National A-
cademies Press, 2011.

[14] SHIAU S Y, LIANG H S. Carbohydrate utilization and digestibility by tilapia, Oreochromis niloticus x O. aureus , are
affected by chromic oxide inclusion in the diet [J]. Journal of Nutrition, 1995, 125(4) : 976-982.

[15] BUREAV D P, HARRIS A M, CHO C Y. Apparent digestibility of rendered animal protein ingredients for rainbow trot
( Oncornynchus mykiss) [J]. Aquacture, 1999, 180(3/4) ; 345-358.

[16] HAJEN W E, HIGGS D A, BEAMES R M, et al. Digestibility of various feedstuffs by post-juvenile chinook
salmon ( Oncorhynchus tshawytscha) in sea water; 2. Measurement of digestibility [J]. Aquaculture, 1993, 112(4):
333-348.

[17] VENS-CAPPELL B. Methodical studies on digestion in trout; 1. Reliability of digestion coefficients in relation to meth-
ods for faeces collection [J]. Aquacultural Engineering, 1985, 4(1):3349.

(18] Ay, XWEF, FMEWI, 5. SFfxs 10 A (B et Eoe SR B i R AR R (0], i E SR,
2017, 29(4) . 1427-1436. DOI.10.3969/j. issn. 1006-267x.2017. 04. 042.

http : /xuebaobangong. jmu. edu. cn/zkb



16 - SRR (HARBHERR) 22 %

[19] SANGMIN L. Evaluation of the nutrient digestibilities by different fecal collection methods in juvenile and adult korean
rockfish ( Sebastes schlegeli) [J]. Numerical Mathematics Theory Methods & Applications, 1997, 36(2) : 150-164.

[20 ] SPYRIDAKIS P, METAILLER R, GABAUDAN ], et al. Studies on nutrient digestibility in Furopean sea

bass ( Dicentrarchus labrax) : 1. Methodological aspects concerning faeces collection [ J]. Aquaculture, 1989,

77(1) : 61-70.

[(21] BpHe, 2Tk, XSGR, 5. @B 6 Rk M b BUROR g Y B RIEAL R (1], s B FREl,
2011, 23 (6): 1065-1072.

[22] REIGH R C, BRADEN S L., CRAIG R J. Apparent digestibility coefficients for common feedstuffs in formulated diets for
red swamp crayfish, Procambarus clarkia []J]. Aquaculture, 1990, 84(3/4) : 321-334.

[23] KITAGIMA R E, FRACALOSSI D M. Digestibility of alternative protein-rich feedstuffs for channel catfish, Ilctalurus
punctatus [J]. Journal of the World Aquaculture Society, 2011, 42(3) ; 306-312.

[24] BUREAU D P, HARRIS A M, CHO C Y. Apparent digestibility of rendered animal protein ingredients for rainbow trout
( Oncorhynchus mykiss) [J]. Aquaculture, 1999, 180(3/4) ; 345-358.

[25] ZHOU Q, YUE Y. Apparent digestibility coefficients of selected feed ingredients for juvenile hybrid tilapia, Oreochromis
niloticus X Oreochromis aureus [J]. Aquaculture Research, 2012, 43(6) ; 806-814.

[26] JIANG R H, CHANG X Y, STOLL B, et al. Dietary plasma protein reduces small intestinal growth and lamina propria
cell density in early weaned pigs [J]. Journal of Nutrition, 2000, 130(1) ; 21-26.

(27] Faig. Hr—URBEE AR E R (1], Bk, 2010(4FT) :64-66.

(28] BilEse, FesCuT. MM PR A E TR AR IR A th O [J]. BRDEHIFSE, 2006(8) : 39-41.

[29] BOZA J J, MOENNOZ D, VUICHOUD J, etal. Protein hydrolysate vs free amino acid-based diets on the nutritional re-
covery of the starved rat [J]. European Journal of Nutrition, 2000, 39(6) ; 237-243.

[30] WL, RERAEN . BIRE AR . MRS X W E e rszm (1], PErgfol =4, 2006,
19(5) : 949-952.

[31] SECCO EM, MVDE S, VIDOTTI R M. Apparent digestibility of different ingredients in diets for bullfrog Rana catesbei-
ana tadpoles [J]. Journal of the World Aquaculture Society, 2007, 36(1) ; 135-140.

[32] BOOTH M A, ALLAN G L, SMULLEN R P. Digestibility of common feed ingredients by juvenile mulloway Argyrosomus
Japonicas [J]. Aquaculture, 2013, 414-415(11) ; 140-148.

[33] DAVIES SJ, GOUVEIA A, LAPORTE J, et al. Nutrient digestibility profile of premium ( category Il grade) animal

[

protein by-products for temperate marine fish species ( European sea bass, gilthead sea bream and turbot) [J]. Aquac
Res, 2009, 40: 1759-1769. DOI:10.111/j.1365-2109.2009. 02281. x.

[34] LEE S M. Apparent digestibility coefficients of various feed ingredients for juvenile and grower rockfish (Sebastes
schlegeli) [J]. Aquaculture, 2002, 207(1/2):79-95.

[35] 7. MIKEAMIEFEERP MR [J]. WIEHEEEE, 2010, 37(4) : 41.

[(36] i, By, XUSpde, S 2 i ANIEe 4 X 12 FhsUR R UL AL R B LLAOE 5 [J]. KAAEY-# 4k,
2016, 40(6) : 1178-1186.
[37] PU%. JURNER LSRRI AR SO Uy B AR AR PN [ D). PR/RIE . SRRTTA\—RBRE, 2009.

(REHE KEE RXER EHT)

http : /xuebaobangong. jmu. edu. cn/zkb



