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HA LRI BIOY D) U EEA LI - AR EP fklo~ 44 0 FHEIZBT 2FIHEE
12 8 M O B RBR I L 0 ET LT,

HRELUVHE

REROERE, ABRANOBESHMREIUMSS
AHERIX & L THE 50%X, fAf 20%X 5 L O 0% X0 3 XA2%RE L, RERfEEHI T3

wEREE (BR) TIERISN7ZERE S mm @ EP fikta iz, slBREREI O # X7 1%, v
7



B — BRI R 0 EHR L X R RERE R 625 & LCHIE LT, HUBMGE &I, Z7aahLa:
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10



NI TR 77 BROA VA=V 2R L TERY, SEWHERORSEIXT X/ B
NG CRATEE S TZfGH e LT 5, KillBRETEOWZET X B D TR R,
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Table 1. Ingredients and proximate composition of the experimental diets

FM50 FM20 FMO
Ingredients (% wet matter)

Anchovy meal 50.0 20.0 -

Soybean meal 11.0 19.0 16.0
Soy protein concentrate - 6.0 21.0
Corn gluten meal - 19.0 26.0
Krill meal - 2.0 3.0
Wheat flour 14.5 12.4 8.8
Tapioca starch 5.0 5.0 5.0
Rice bran 7.5 - -

Fish oil 9.0 10.7 12.0
Taurine - 0.3 0.5
Ca(H,POy), - 1.5 2.5
Vitamin mixture' 2.0 2.0 2.0
Mineral mixture’ 1.0 1.0 1.0
Others’ - 1.1 22

Proximate composition

Protein (% Dry matter) 49.1 50.0 48.7
Lipid (% Dry matter) 15.9 13.0 15.2
Moisture (%) 20.3 20.8 23.0
Ash (% Dry matter) 10.4 7.8 6.5
Taurine (mg/g Dry matter) 1.76 4.17 5.45

1 Vitamin mixture composition (unit’kg mix): vitamin A, 1,000,000 IU; cholecalciferol,
125,0001IU; vitamin E, 10 g; menadione sodium bisulfite, 0.5 g; thiamin nitrate, 1.0 g;
riboflavin, 1.0 g; pyridoxine hydrochloride, 1.0 g; nicotinic acid, 1.29 g; calcium
pantothenate, 2.5 g; biotin, 0.05 g; folic acid, 0.25 g; cyanocobalamin, 0.02 g; inositol,
40 g; choline chloride, 250 g; sodium-calcium-L-ascorbic acid-2-phosphate ester,
1429 g.

2 Mineral mixture composition (unit’kg mix): copper sulfate exsiccated, 1.4 g; manganese
sulfate, 11.3 g; zinc sulfate, 15.7 g; cobalt sulfate exsiccated, 0.05 g; calcium iodate,
0.29 g; almmium hydroxide, 0.49 g, magnecium sulfate, 96.9 g, ferrous fumarate, 39.6

g

3 Lysine (0.5-1.0%), Methionine (0.25-0.5%), Tryptophan (0.1-0.2%), Threonine
(0.25-0.5%)
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Table 2. Essential ammno acid composition of the experimental diets

FM50 FM20 FMO0
Amino acid (mg/g dry matter)

Threonine 20.6 213 21.8
Valine 23.8 22.1 20.3
Methionine 13.2 13.4 13.9
Isoleucine 20.3 19.7 18.3
Leucine 36.5 49.0 49.1
Phenylalanine 20.7 24.6 25.1
Histidine 14.7 12.8 11.2
Lysine 34.9 289 279
Tryptophan 6.1 59 6.5
Arginine 29.6 25.8 25.2
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R CIL, ~ &4 0 Fflcxtd 21K - MK BP RO M A Lz, ~ &4 1 ¥R
B H2AAROEERB L OWMERIT, 0 FAICKETEZVLoT, ERELGEBOMNEES
HIT 2 729121% 1 FRICKHT 21K - AR OB N LY BEECThH D, 4 F TOMEIC
0, vFA 1 FRIZOWTUL, BERKESY 7 HEEMORGTIAED 50%THDH Z &,
A=V INT I FRB O T0% 2 RERRETH DL L, FRoI— e EREE TS
XD D 90%~100% 2 REFEETH L Z ENHEIN TS (FARL 1999, 2000a,
2000b, 2000c), F7-, FEFOMH ZAEMMEEE TR LIS BIE~F A T U ) U
IC XL DRIFRENFIE LT b DD, fFEHZIZ U Y 2T 52 & TEDERDUE L2 &
D ST D (Takagi et al. 2006).,

ZDOET, wFA 1 FROLKHHTBEEHI B 20854, 7225 NTEIEZ X 7 i
B2 OFH U 7 S MR L O FTREME 2 R8T 2 M2 < D b oo, KEil, =—» 7
VT U= VEOREPMEREIERCREL, ¥ UV EE LK - BAEHERHI WO
il B AWl Lo BT 72n, [RY &2 &ERAFIER L CABED X v >0 B LERIIC
eI 2720121, MR E R CERARFERTORME BT 2 ENEE LY, 22
TABZETIE, Kk, =—2 AT I—LBIXOZ U Y U EEA LK - EAm e
D<A 1 FRIZBIT LR HME 16 BREIOFEFRERIC L0 BE L,

HRELUVHE

BREOERTE, HREMOBEHEME L UVRSSIT

ARBRIX & LT 50%X, £y 25%X 3 LU 0% X0 3 KAsE L, sEREEHIIZA
AR (BF) CTIERISNZER 6 mm O 7 X hL—F v RaE (EP) %Az, Rk
SRR S T EIE, TAE R K D ERS N EHEARE A 6.25 L LTHIE L7z,
MG &%, Zuudb A% 7 —/v (2:1) BEHHE (Foleh et al. 1957) (2K DV Red7z, H
IR IEFESUF 2 - T 650°CT 8 IEfIIKAL L TR, KAIEA v F 2 —& —Z AW THEINEL
FLEEIC K DA 110°CTEN L THRIE Lz, W7 X/ Beds K ONIERET < / BR1E, 77 X / Moot
PeE (AAE RS, JLC-500/v) ZHWTHIE L7z, 7 X BROHTESED T Z 2I3A F v
RHIE % FeE L7- 2 B 7 & (dmmex120mm) % FHVy, BHEROHERE (2 440, 570, 690nm

AL, BEHEC=vE R R W, BB O a L 27 e —r&iE, (M) BE
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Bt =T A7 0~ s 7T 7IEICK D02 ZFE LT,

By 25%X 3 LOHH) 0% XIZ W TE, MR E LT, a =277 U I—LBLUR
T A FE 31~56%, FF LI —IBLOT =P —I—EE 2~13%EE L, T, ¥
v B4 MEONET I K (WY, AFF=r, NV T 77y, ALt=)
HEE LTo, B AT ORGSR, BEAR BRI O & 2 X7 F5 L ORI &2 HRy 50% & #0By 25%
FARHZ LR TRORIRVMEZ /R L7223, fk) S0%EE & £k 25% kO — ik ali s 138l L
T, fE) S0%ETEHZ OWTIE, # 7 U CENEN 25%3 KUY 0%EIEHI LT 72 W ME
ok Uiz, SRBERICEENS 2L AT E— L &IE, AREOHIBICHEVE T 260 %
R UT, £z, fk 25%3 LU 0%EIEHI S ENDMHET X ROEIL, N v, 4V
A2, EAF V2, VP BEOT VX = M 50%EEHT R TRoREWMEE R LTz,
HRABIUHFELZE

A, RIBRNOBEEENOAT LIE~Z A 1 FhaERAWE, BIGRREKERR
SoWgmE/NEER 3 mX3 mX3 m) CHilkETE (AERALETE, ~ 4 A EP L 55040 -6
5) EAAEEL T2 » AMTREIE L7, FHRE 601~623 g lIiE LT~ H A 1 Fax &4
25 290 6 AFICIUA L, MERRAEER L7z, fMERBIT 2 KETITY, fEHRIE
16 M E L7e, MEEBEEIL 1 B 1 EDE 4 A2 EARE L, ZITREELH 270, 4 HFEEICHE
RARFEERORBRYER L OREZHEIE LT,
BAERER, mERMRE S CNREERS ST

FBERTH, SEE»S SR (10 R/ X) ZEEAICEHY BIF, EX7ORETEDIZELR
MAE 2B IMEZ BRI L, MRtk LM Ot Lz, Z2ds, MIRERIROD BRI,
Pt Al e LT o7 MU v ARV, BRIRLU7ZARE, BEXRBXOMEREONIE %
ot U, BEMGEE, WIRERSE (LR X OB O JEIENIZAAET 2 gk L O
FEN O EREPMEAEREIC D 2HE), WFREOHEICH L, kL, BEZELIZ~ES 1
ErE (Hb) B8RO b7 Uy MEDRIEZIT/2VY, 2 OB MAEZ B U MRy O 547
AT T, Te BIMIER 31T, 82 L A7 17—/ (TCHO), ¥4 > 37 (TP), 7 /L7 X > (ALB),
Ny Z7UETA4 K (TG), Z/v=2—A (GLU), GOT, GPT, #t U/t (TBIL), BLD
JRFEZEF (BUN) OREZ W LIz, ~~ b7 V> MEiF~~ b7 U v bimO (HITACHI,

HEMATOCRIT MC-201), Hb £ L OUAER G I3 FHE EE (8 L7 L 28RS
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th, BRI A 570000 & HWTHIE L,
fEranE

FEREOATER, ARONERE, WIRERSE, WITHE, mikhkes X oMb %
—JCALE D/ BT 5| &t X Fisher ® PLSD 1E%4 F2Mi L, Stat-view5.0 & H W\ TERRE 5%
IR DHEEELHE LI,

fAE AR

fial B IR O KR 20.9~27.5 C O THERS L 7=, 3RBR I h O fif B RAR % Table 3 12777,
ETORBRX CHMAIB L OEFHAITAONR» T, FXOHBEERIL, A5 50%X 20
0.62%, £ 25% X% 0.65%, £y 0%X 23 0.59% ThH D, Hky 25%X >k 50% > 0%
XONEIZE <, SR THRAMREEENRD LN (P <0.05), ¥ TRHZEIT KX DF
PIRER T, K 50%X A% 1207 g, £y 25%X 728 1295 g, Faky 0%X A3 1165 ¢ TH Y, H [
FERLFERKIC, EXMECHREZERZENRD LN (P <0.05), HAMREE, M 50%X
D171, FORY 25%K 08 1.50, £aF) 0% 1.68 THh 1, Fak) 25% X3k 50% X3 L Ok
0%XIZ AR THEIEWEZ R Lo, HRERERIT, k) 50%X05 1.02, fky 25%KE6 LT
£l 0%X 723 0.94 TH 0, FHy 50% X D38 25% X 38 L UK 0% XKIZ A~ THEICEVMEE
R L7z, PERIE, k) 50% X203 1.20, fly 25% X203 1.33, fl 0%[X 2% 1.27 TH Y, fak) 25%
<>y 0% > ) 50% X DNEICE <, & XH THRENRAEEIRD b (P<0.05),
AKDOEHE, NEBEEEXESSULFEE

il BRI T IRFICER IR L 7o FR O I B, R =, 3B L O EORIERE L 4 Table 4
R, IR R X OWIIRE E51E, 8 0% XA ER) 50% X3 KO 25%KICH~_TH
BIRWMEZ R U7, RAFERE, f08) 50%X 03K 25%XK 3 KO 0% XIZH_RTHEID
EVMEZ R L7 (P<0.05),
&R S & ML RS

ARl B RS T IRFIZ BRI U 72 LRI DWW T, MR MEIR 3 & OMLAERL Sy D 73 #ifs A A Table 5 12
IR MO~ 7 Uy MEF L OV HD &1, & X CHRE NG EZENRD Dol

ME TCHO 1L, £ 50% X 238y 25%3 L Oy 0% X IZ X THEICEVMEZ R LT- (P
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< 0.05), TCHO fELIA o fsER% s (TP, ALB, TG, GLU, GOT, GPT, TBIL, BUN) (I

WTIE, BXHETHREARAEEADRD bhehro T,

5 B

AMFFETIE, 2 FEOMWMEE (R, a—r 77 I —0) & ER R
B LTRAL, %I, oW —I—ofh, vV, VY, 2FF=, k
VA=, N T 7 o aRE LI - AR EP BEHI OWT, v A 1 F BT 57
MM E R LT-, T ORE, Ak 25%EEHZ OWTIE, $BERMEDS AR 50%EEHI R TRoR0
Lol-boo, AMMEREIOHEARKIID LAERDEE R L, Z0ZEnD, 4
Tk 25% 80RO~ 2 A 1 F I T HFIANED, S8 S0%EEHI AR TEATWD =
EWIREI NI, AL (1999, 2000, 2000c) 1%, XA 1 FHORMER TS X, a—
YINT I, TR I VORI, BLOENLOREEEEFH L s A Oz E
ICOWTHRFF LIZRER, ~ & A 1 FRIL 0 PRI TREREY VX7, a—v LTy
IABIOTFF I VOREHRENELL, ZORKE LTHAET I/ BOZEREN 0
FRIZHARTROWATREEEZ B2 LT D, ARBFFETHW M 25%88t o) ) Y a A
VU, BRAFVU, VDY, TAF=UOEAEITEN S0%EEHI S TO 2R MR Th -
7oy, k) 25% X O EREITEN LB THY, O LIFRIR LizEmA S (1999, 2000a,
2000c) DRMFESFETOMRIZLEEZOND, £z, @ADL (2000b) 1%, BFAFEE A
DT 2 Z L2k 0, REWIEEUE Sk O SEH LR RO ER T O B2 R B I 2 250 %
WRIAEI, B FEEREENCS B2 E e A KA B OBIR N AIEECH D 2 & Zfaf L
TW5, ABFZEICE T DMK 25%XOFEHRIL, ZORMELFELRWERTHLEEZD
hd, TO—FT, AL TERE 25%XICIHIT D~ 44 O H B ERS X O RRED A5
50%XIZHARTEN DR TH 2B T, BURTIEIAHTH 5, AUFFETHW 28 25%
fAktOZ 7 U U EIX 6.07mg g TH Y, Fk) 50%EED 3.56 mg, g lZHTENT & D3RR
ENie, ~FAFATIE, BEOZ 7Y VIRIKIC L Y R R K ORI & 7 -9 2 20108
WESNLTWD (D 2004), £72, & A MBI L THEA B2 G EE L 72 BT,

Z 0 U CEIMKORERR L OEERDERMKIC S THERICSEL, v 7 A Hfalcky
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HHEA CEIRHIRIT 52 T U ORI 0.5%LL ETH D EF X BT D (Matsunari et
al. 2008), 2D XL S, ¥ U U U OEEEEEI~OWRINIC X 0~ & A OB RHEN SET 2 WL
B 5 Z Einh, ARUFFECRE 25%X 0 A MG E R X OB ARE HRY 50% XK 12xt LT
ENTIRKO 125, fEfFoZ v ) CEICEEI NIRRT E R bND, £z, H 1 Hi
DV HA 0 FfaExtG & Lo ERIZHT 2 3BREE O 2 v U W, 8 50%E8EY 1.76
mg/ g THY, KR THWTAK 50%EE D 3.56 mg/” g LA THEIZDRNT b,
BLAT28MZFOLODMEIZL>TH V) VESENEET SRR BE S, fETFo
20 BN LA RAOFRBRAEASRITTRECOWTE, A%OBRFHRELEEZE 26N
Do

by 0%EEHZ DWW T, ARV d OV I RS S0%ETEHI LR TH LM TH Y,
HPAREIEREOME AR LTz, 2D Z &b, SRIAWZEE 0%E&E O~ ¥ 1 1 F ik
LR, FRCEBEMEOm TEEERLETHDH LB b, BAKEEO~Z A 1 ¥
(23T DIBARED ) BRI LTI DR RIE, mARD (1999, 2000a, 2000b) D
I EFLL L T0D, mARS (1999, 2000a, 2000b) DAFFETIE, MMIEFEE (BiEKE X >
R, REWMBLOa—r 70T o I—)0) G5 44~55%, ErERcE (%7

171

NBEOFF I =) & 10~25%0L G U TR L 72 AR SR O~ # 1 1 Iz T 55
AEEZRRFT L T D, BBEE OB L OMENS > ZHEEKIZOWT, mAS (1999,
2000a, 2000b) I, EAERE X T £lZa—r I T I —LVORAREZTH LI
F0, VOUVBROATFA=URAREL, BENTOT I BERPNEII TN
EE, BAMEIEIOT X BEREICIIER B 572 2 E B LT\ D, AL CTHW &8
0%EAEID T 2/ BEfEklE, NV, £ YyaAfvy, EAFV, UVr, TIF=U Nl
50%BABHI LR TOREWMEEA R L TE Y, 7 X/ BHEAICREN & > - il ie R E T &
0, Lo L, £k 0%k (R U < BRREO 7 X B HHE AR S0%EREHT B~ TRV M
M) 2 7 L7 25% B BHT DUV CIE, AR O & 350 fl) 5S0%XKIHE 5 B R 2~ LT 5
Z L, EARD (1999,2000a, 2000b) DHAFFE TITHIPFRELDOEAL HAK) 0% X TEL TN Z &
DB, AREFIEICIT B8 0%ETE OB K T OJFN N 7 2/ BERLAL S CTdh B 2135 212 <
WV, @ADL (2000c) X, FX LI —NOIHTHEEGEREE LA 0%EE N~ 24 1 F I
BT B AREE & R a2 BN RS KOS A R L2 s a@t L, Tobil L

T, FxXU I ) 7oA vk BEX —EHDOPURER AN M E NS TR0,
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T AT HEEA LB O BEIE IOV CIE, SBBRATT 2 HERH D LB DD,
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L7, fEEBRPICE T 2HEAOE, HEBIOEMITEHRINRNST, 20
ZEMD, ARUFZECEE SN TCHO DI T, 2722 < & b h o E%kEmo
HERERREICEB L - Z ENE BT,

FUROfREF L Ol BEREORER RN S, (K « MAEEX Tl FREEXIC A~
TR, WIRE SRR LOWFESNBAT 2MME2 R Uiz, £, fH B TREICERE
Liev #4013, 2 TCORBRX CHEENBENOIEAHZE SN, 2 b 0BGk L UGERE
Btoa L A7 0 — L E&ORHTRERNG, EEHOa L 27 a— L EOBEWARIKN TOIRE
RN EL KIT L, oK E SRMENIEN O RO ZEAIZ SRR > T /TREMEIEE 2 b i
DN, AROFERIZT TEARAHTH Y, SBOMGREIZ LB b,

U EORERENS, KREHH, a—2 717 I, FFUI—-ABLOT 2P —I—
ENTUABLKEAL, UV, AT A= BLOY U U UE RIS LT 25%EP fTEHT,
v A A 1 FRIZET DFIRMESE EIRETE & i L Cie L AN S FTREME DS RIR STz,
—J5 T, £ 25% AL & [RIRR IR IFURE = 1 T fky 2 AR L 72 80y 0%EP i EHZ DWW T,
TI/BBLOXY YU UEMELTHRE, v 44 1 FROBETR JORER N E Rk
(CRITIRNZ LAVRIE STz, A%, EAMEIED < X A OFMR T 25| = 23 RKIIC
DWTHICHF L, ~ & A2 2 AR OF AN A UEET 2 HIEARE L THE N,
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Table 1. Ingredients and proximate composition of the experimental diets

FM50 FM25 FMO
Ingredients (g / 100 g wet matter)
Anchovy meal 50.00 25.00 -
Soybean meal 4.00 15.00 25.00
Corn gluten meal 4.00 16.00 31.00
Poultry by-product meal - 8.00 7.00
Feather meal - 4.00 6.00
Wheat flour 9.00 8.00 3.30
Tapioca starch 7.00 7.00 7.00
Rice bran 12.00 - -
Fish oil 11.00 8.00 10.00
Palm oil - 3.00 2.00
Taurine - 0.50 1.00
Ca(H,POy), - 1.50 2.70
Vitamine mixture' 2.00 2.00 2.00
Mineral mixture” 1.00 1.00 1.00
L-Lysine - 0.45 0.90
L-Methionine - 0.23 0.46
L-Threonine - 0.23 0.46
L-Tryptophan - 0.09 0.18
Externally added
Soybean oil (g/ 100g wet matter) - - -
Skipjack peptide3(g/ 100g wet matter) - 0.50 0.50
Enzyme complex'(g / 100g wet matter) - 0.20 0.20
Astaxanthin (ppm) - 40.00 40.00
Proximate composition
Protein (% Dry matter) 454 46.2 44.0
Lipid (% Dry matter) 15.8 16.1 14.8
Moisture (%) 7.3 7.6 6.6
Taurine (mg/ g Dry matter) 3.56 6.07 8.37
Cholesterol (mg / 100g Dry matter) 376.5 218.6 127.7

! See Takagi et al. (2005)
2 See Takagi et al. (2005)
3 Marubeni Nisshin Feed Co., Ltd.
4 Alltech. (SSF)
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Table 2. Essential ammo acid composition of the experimental diets

FM50 FM25 FMO
Amino acid (mg/g dry matter)

Threonine 14.1 13.6 13.0
Valine 18.1 14.0 124
Methionine 8.1 8.6 8.3
Isoleucine 11.7 8.5 7.5
Leucine 26.4 28.9 31.0
Phenylalanine 14.0 14.8 14.5
Histidine 10.5 7.8 5.3
Lysine 232 18.8 14.8
Tryptophan 1.9 24 24
Arginine 19.2 17.2 12.6
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R CIL, ~ & A LR ERIOBIF AT 7230 1 2L LT, EBEEOK T2 7RY
L MBEMEDNHER S iz, EMEEEICIE, e Tr T B e X —, T 0T, #lEL
PWEEOPRBNTREE D2 LML TEY (LA 2009), WEITIET 4 F v &5
THWRT 4 X —EOFERICL Y, ~F BT DR ORI A2 SETE 5 2 &N
WESNTWS (Biswas et al. 2007), £7-, 74 ¥ —F, 7usr7—¥, vL7—¥, <7
FFr—8, B-INhF—8, ¥VIFT—EBEBILPRa-TIT—EBEECHEREY UIT,
fesh L9 5) ZIRAMER~RINT S ZLICkY, ~& 1 0 FAOERENRLESNEZ Y
W EN TS (Haninietal. 2013), 2O K 512, BEROIEHIC X o TR ETEIO R H M
WS D0, ~ & A CHERAMEGIEHIR T 2 IR 2 Be LSS 130,

Z 2 TAMIIETIE, & A 0 FFIZR T D ELK EP B ORI M2 GET 572012, HHR

BMOBIMIRE T LTz, 723, AR THW-EEFR 1Y, Hanini et al. (2013) 23ETL
FHbDOER—DT7 44—, Yur7—¥, tArT7—8, XIrFF—¥, g-Irhi—+t,

XTI F—EBLWa-TIT7—EBExEAT v 7 HBOREGEE (B4 SSF) & L7,

HRELUVHE

BREOERTE, HREMOBEHEME L UVRSSIT

FRERDC & L THk) 50% X (FM50), k) 0%X (FMO), £k 0% +E#3E1X (FMOS) @ 3 X
ZRGEL, ABRATEHZIXP AR () CIER S AU7ZEAE 5 mm @ EP 2 vz, Hx v
NIENE, TNAE MBI RV ERS R EREAE 625 & LTCHIE L7z, BN &I
sauafbs AR = (2:1) BEHHE (Foleh et al. 1957) (2L V0 kd7z, HIKFITERIF
Z VT 650°CT 8 IFEIIRIL L TR, KZIEA 3% 2= —Z W T NG EREIC KV
) 0CTIE L CHIE L7z, #RT R Beds L ONRET </ B8l%, 7 3/ BeoriirdsfE (A ATE
TR, JLC-500v) W THRIE Lz, 7 2/ BONrEE O 7 L3 4 0 il % 78
HULEZEA N T 2 (4mmex120mm) # VY, FRHZERORE R £IZ 440, 570, 690nm ZH:H L,
A= Y UREE W,

fil B RRBRIC O 72 5 R BR AR O B A RELALS & Oy /3 Wit SR & Table 1, Table 2 (27”3, £4
1 0% X35 LU 0%+ R XIZ DWW T, AmIREREE LT, a—v 77—,

IR GRS K ORI R G2 X7 25 69%BLa L, fFET, #0 Uy, UPUVBIUR
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FA=UHEA Lo, BT ORER, Hky 50% X OHLIEN &2 HE 0%[X & k) 0%+ R
RIZHANTROREVMEEZ R L7220, A 237 BIA K E bR L Tz, Ak 50%X
DZ YU R, Bk %X LW 0% R KICHEANTORWEEZ R LT, £z, £ 0%
X LUK 0% HEERXKICE ENDLMAT I JBOEIL, ALA=r BT V=004
B3 50% XA LR TROIRWMEZ R LTz,
HRARABLURATAE

M, RIERNOREEEEENOAFLIEYZ A 0 FRAZHWZ, REREGKE
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r A TREE L1-1%, TYIRE 614~620 gl ZE LI~ A 0 FAEZKEHE 2 ET 64
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UrF M) oLz Mniz, miglE, SRRERELIZ~~ 7 Uy MEZRIEL, ZO®%MED
Bl L OUMIER Sy DT 2 AT o T, IRBMSERSY X, e L AT m—)L (TCHO), #%
X7 (TP), 77 3v (ALB), U ZUtFA K (IG), #/+a—= (GLU), GOT, GPT,
WeUey (TBIL), BIORFEEFR (BUN) OREZSH Lz, ~~ 7 U > MEEA
~ ~7 U b4 (HITACHI, HEMATOCRIT MC-201), Hb £33 X O ERR /3134 b B
BobrEE (L7 o VaBRSH, BRI 4472470000 2 HCCHE L, ki, 8
O (Retch 1, ZM200) T FHRIC LI, —ASy, Vo aE, B8RO I /@
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fAE AR

il B IR R O KR 17.3~27.3 COR THERS L 7=, 3B O fif B RAR % Table 3 12777,
R 0%+ R T2 BAE L L7y (BFESE LK 4%), = OMoRBRX Cl3stfds L UM
INH LT, SIROFAEITRD o Tz, FXO BRI ERT, £k 50%X53 1.20%,
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Table 1. Ingredients and proximate composition of the experimental diets

FM50 FMO FMOS
Ingredients (g / 100 g wet matter)
Anchovy meal 50.00 - -
Soybean meal 14.00 23.00 23.00
Soy protein concentrate - 20.00 20.00
Corn gluten meal - 26.00 26.00
Wheat flour 13.00 9.00 9.00
Tapioca starch 5.00 5.00 5.00
Rice bran 9.00 - -
Fish oil 6.00 9.50 9.50
Taurine - 0.50 0.50
Ca(H,POy), - 2.50 2.50
Vitamine mixture' 2.00 2.00 2.00
Mineral mixture” 1.00 1.00 1.00
L-Lysine - 1.00 1.00
L-Methionine - 0.50 0.50
Externally added
Soybean oil (g/ 100g wet matter) 3.00 3.00 3.00
Enzyme complex (g / 100g wet matter) - - 0.13
Proximate composition
Protein (% Dry matter) 47.3 47.7 48.1
Lipid (% Dry matter) 19.9 17.8 15.8
Moisture (%) 3.1 4.9 4.9
Taurine (mg/ g Dry matter) 3.94 4.57 4.64

1 Vitamin mixture composition (unit’kg mix): vitamin A, 1,000,000 IU; cholecalciferol,
125,0001U; vitamin E, 10 g; menadione sodium bisulfite, 0.5 g; thiamin nitrate, 1.0 g;
riboflavin, 1.0 g; pyridoxine hydrochloride, 1.0 g; nicotinic acid, 1.29 g; calcium pantothenate,
2.5 g; biotin, 0.05 g; folic acid, 0.25 g; cyanocobalamin, 0.02 g; inositol, 40 g; choline
chloride, 250 g; sodium-calcium-L-ascorbic acid-2-phosphate ester, 142.9 g.

2 Mineral mixture composition (unit’kg mix): copper sulfate exsiccated, 1.4 g; manganese
sulfate, 11.3 g; zinc sulfate, 15.7 g; cobalt sulfate exsiccated, 0.05 g; calcium iodate, 0.29 g;
alminium hydroxide, 0.49 g; magnecium sulfate, 96.9 g, ferrous fumarate, 39.6 g.

3 Alltech (SSF)
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Table 2. Essential amino acid composition of the experimental diets

FM50 FMO FMOS
Amino acid (mg/g dry matter)

Threonine 13.2 12.3 12.2
Valine 9.6 9.0 8.9
Methionine 4.6 7.2 7.1
Isoleucine 7.7 7.4 7.5
Leucine 21.2 353 35.0
Phenylalanine 12.6 18.3 17.7
Histidine 6.2 6.4 6.7
Lysine 20.1 21.2 21.5
Tryptophan 2.7 3.1 34
Arginine 22.1 18.1 18.3
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Table 4. Hematocrit value and content of plasma components ofred sea bream in the experiment

FM50 FMO FMOS
Hematocrit value (%) 386 + 46 ° 396 +£ 25 ¢ 410 + 54 ¢
Plasma components
Total cholesterol (mg/dl) 211 + 56 * 131 =30 ° 173 + 34
Total protein (g/dl) 35 £ 09 ¢ 35 £ 04 ° 40 += 08 *
Albumin (g/dl) 06 + 02 ° 07 =00 ° 07 + 02 ?
Triglyceride (mg/dl) 197 + 54 * 295 + 150 * 339 + 181 *
Glucose (mg/dl) 34 £ 17 ¢ 36 £ 50 ° 36 + 123 *
GOT (AST) (U/l) 63 + 54 ¢ 62 + 25 ¢ 63 + 47 ¢
GPT (ALT) (U/l) 30 £27 ¢ 25 =19 ® 18 + 7 @
Total bilirubin (mg/dl ) 01 + 00 * 02 + 01 * 01 =00 °
Urea nitrogen (mg/dl ) 32 £ 09 ° 38 £ 06 ° 33 £ 06 °

*Values (means=S.D. of 5 fish) in a column not sharing the same superscript letters are significantly different (P < 0.05).
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Table 5. Proximate composition and essential amino acid composition of the whole body from the
fish at the end of the experiment 1*

FM50 FMO FMOS
Proximate composition
Protein (% wet matter) 18.2 18.3 18.7
Lipid (% wet matter) 15.7 11.5 11.1
Moisture (%) 61.7 64.7 64.7
Phosphorus (mg/g wet matter) 8.2 7.9 8.2
Taurine (mg/g wet matter) 7.80 11.92 11.14
Amino acid (mg/g Dry matter)
Threonine 16.2 18.2 18.2
Valine 11.3 13.0 12.3
Methionine 11.3 12.7 12.5
Isoleucine 9.2 10.5 9.7
Leucine 26.8 29.1 29.9
Phenylalanine 14.9 16.1 16.9
Histidine 8.4 9.7 9.8
Lysine 31.0 32.8 34.6
Tryptophan 4.7 4.2 5.7
Arginine 23.8 26.7 26.6

"A pooled sample of 5 fish, without replication.
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Growth Promoting Effect of Supplementation with Enzyme complex to the

Non-fish Meal Diets for Red Sea Bream Pagrus major.

Kazuki MATSUKURA'"*, Hideyuki MATSUBARA?, Yutaka HAGA? and Shuichi SATOH?

Abstract: A feeding experiment was conducted to evaluate growth promoting effect of
supplementation with enzyme complex to non-fish meal diets of adult red sea bream. Fish meal based
(50% fish meal) diets were used as a control diet, also, non-fish meal diets were used as basal diet.
Enzyme were supplemented to the basal diets at a level of 0.05%. Adult red sea bream weighing
959-1026 g on average, were fed the experimental diets for 12 weeks. Around 1-8 weeks, water
temperature changed within 28.7-20.9 “C, and the specific growth rates of the diet groups on koji
supplemented diets were improved to the same level as control diet group. After 9 weeks, water
temperature descended under 20 °C, and the growth performances of the diet groups supplemented
koji became worse, and the effect of supplementation was not observed.

The results suggested that supplementation with koji to adult red sea bream in high water
temperature condition might improve the availability of non-fish meal diets and the growth
performance. On the other hand, it was not elucidated the effects of enzyme complex supplementation

to adult red sea bream in low water temperature condition.

Key words: Red sea bream; Non-fish meal diet; Koji-kin
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TSRS G AE PE BTN LT T % — TR OAEEITRIMERICH D, O

BANGEHE LTS, ZOX )RR E, ENOEERBIHSRFECTCH D~ XA Pagrus
major \Z 2T b BRI ORI FIPEIZ B3 2803 ThI TR 0, ZORER, IRIERE.
VRO, REMWK, a— AT I—n, FRUI =, I— b I —VENEEEE L
LTHENTHDLZ EBRHALNERSoTND (FEAD 1999, Aoki et al. 2000a, 2000b, EA 5
2000a, 2000b, 2000c, 2000d), T~ XA 1 FFTIE, TNHEEAE L TT X/ B A i
THZ LWL, FETICEENLHD 90~100%% B TE B AEEMENRB I TN 5D
(Aoki et al. 2000b; FARD 2000d), F7z, FEH Ok ZDIEEECREE L2 EA I #
T UARRBIZKDFIHEDOBIENHALND OO, FEHI X U Y v EHiET5H 2 & TEDIE
WM ET 5 Z LG ST D (Takagi et al. 2006)

—J7, EER OB YRR CRETAEAICENT, U Y v AR L THRBA
) EREEHC AR TERIE RRE 1S 2 F6 S e ST Y (Takagi et al. 2008) , FHP P UL
xR T T =B e X —, T T, EEH YRR S OPURER T OFEN R S L
TWD (1A 2009), HURERFIE, MEPPEEEZ 7 Lo — VLB INBVLEL 3 % = & Tk
RERIFEETE 2 Z LM TW S (1A 2009), TEVEFEI O FERALEE (1A 2010)
RT 4 F U E R HWER T ¢ X — B DIEH (Biswas etal. 2007) 2LV, ZhH DA TOF

M2 ST 2R MR STV D

#BIA Aspergillus niger |~ XV FNT53 K & & T iE O M4 FEFE S B - R EEWIC 1T
A X =BT TR Z R ERREREFRO T a7 7 —BEOEEO N RER Th H 'L T —E8,
Ry FH—8, B-INhF—8, FITF—EEBIRNa-7T I T7—EREEN TS (Alltech,
SSF, LLF MRIEAY) ., faky & Rm e o Uiz R ik ~BER IR S W & N9 5 2
kY, v A 0 FRAOKRENLESNIZZ L HMESN TV (Hanini etal. 2013), &0

T, BMREEWOTERIC X - TRABEE O MR X O E RO R EAMEES L
DN, <A CTHANEE~ ORI R 2 BRE Lo 30,

Z I TAMIIETIE, & A 1 FRIZE T 2 EBAMKRER ORI M2 dGET 57201, B
SEIRAW DU R A It Lz,
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RERETEOFARR, — B L OV U EEOSHHEE Table 1 1237, FkE &S 50%D
Bt4 FM50, ZELEIEZ FMO, FMO ICEERIEGW 2 0 L2k 2 FMOS & L7z, Mt
BIFBHTII RGN, 23— 7T =), B REZ 737 2 T, FMS50 LIS o ikt
~ERA TV, VY, ATFF=r, RUT AT UBIOA LA =V EIRINLE, Bk
1 TUE, BMAREEHIK & il K OBEREY & RN L QRAHRIE%, v 7 EA X b
Ly b (SMP) Z{ERLL7=,

FREREAREO — MR 71, FMS0 ORLIRIA M OFBR X EA_RTO LIRWMEZ R L2 DD,
HLZ 7 B K TR L Tnvie, IR & U U aiiE, SRR ofBhE ERZ VI
E@mMEMIC B T,

HRARABLURATAE

RIFRENOBEERFEAENDAT LI~ Z A 1| Tz, RIFRREKERRY O
H/NEIAEE (3 mx3 mx3 m) Tk & fREE LC 37 A P L7, FHIRE 970~
1030g IZEE LTI~ 2 A 1 FAZEAERTTRTHO3EFICUNEL, MERREEE L, fE
ARBRIISE AR LT, SBEWIRIT 128 L Uiz, AEEEIE 1 B 1 EE S E2REAL L,
ZIFfREEAL G527, 4 HAREICHERAOKELZIEL, AW LEEHET 8 WA L& T
FRRCAARRBRX N 5 B otk L7z, Z2ds, $REL72RURHIITICHET 2 £ T—20°C TRm
RE LT,

BHO—EES, YUEE, TI/BOW

R A EH I E R IRNZ D b D Z I L, —ikpksy (2 X278, AN,
KGFEB L OIKSY), Vo ad, 7 WA (T X BRds K ONERET X 2 8) & MIE L7,
FBIROERY T, = (Retsch 5, ZM200) ZH LT 0.5mm O A7 U — > Tl
Lictk, —RmnB LN v EEOOT 2 E LTz, ME RV EIE, T —EIZLY
EHRH NI EHREREE 625 & LCHIE Lz, MIBIAE&EIX, Z7uvadivh: A% ) —)
(2:1) EAHHE (Folch et al.. 1957) 12X VR 7, MK/ ITESIF % H T 650°C T 8 It
FIIRAE L TR, K71 A ¥ F 2 =2 — % D TR NGB EIZ L VK 110°CTHIEL L T

HE LTz, U oo, fBla~A 27 a1 x—74—7> (MILESTONE £, mls1200mega)
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TIREPAIEIS L 0 B g U 7o, a2 AR sk C pH4.0 ICFHAEI L, 1% 7 A=z e
FRKEIRZ R TCAl L Lo ) 77 Vs —F EIEIC X0 0ot # (BHEAERT, UV-265FM)
Z AW THE R 750nm TER L7, M7 X/ Bk JOWERHEY </ BelE, 7 X 7 BeorHri&iE (B
KRBT, JLC-500/v) ZFAWTHIE L7, 72 BONTEEEO N T BIEA A v 53
BIR A FI L 722 BeX 7 & (4mmex120mm) % VY, i HER O RIE R K 440, 570, 690nm
ZEAL, ¥BERE =0 FU UREE VT,
miktER & & VI IREB 5 547

BREHE T, FM50, FMO 38 LUV FMOS 72 HEEVEZIC 5 B3 /B S TREETERIRL, EHIC
AR 2y BRI 2 520 U7, BFUBEEANCIZA~NY > F MU o AZ e, $il L7z ik &
7AXMAEZONWT, ~EZmr > (Hb), #= L A7 r—/L (TCHO), #% /327 (TP), 7
Ja—2A (GLU), RV ZUETA4F (TG), R#FEEH (BUN), TAH VT AT 74—
Y (ALP) BEZBIE L7z, THhDBORMNE, AL FEABOIEE (857 ¢ L AR,
B RNZ A7 270000 &HWTRIE L,
fEraE

VAT, iR ERIs & O AR S AT B Y, — JCRLE DB HTIZ 5] £t Fisher
O PLSD % i L, Stat-view5.0 % W TERRE S%ICB T DA B 252 HE L,

H R

1~8 B HDOAE HE

il B I R OB AR % Table 2 12”9, 1~4 B EIZ)NT TL UV ERERE (Sreptococcus
iniae) \[ZXDHENHOLNTZS DD, RIEIIRAERRITEX S 96%LL a2 R LT, BFEK
IIX 28.7~20.9°C ORI THR L, %) 248 CAr LTz, HEEESRIE, FMOS X (0.50%), FM50
X (0.41%), FMO X (0.35%) DIEIZEVMEFM THh o7z, HRFFGEERIT, FMS50 X723 1.06% T
HY, FMO X (1.43%) BL O FMOS X (1.54%) (ZHATEWMER 278 Lz, SR,
FMS50 [X (37%) 78 FMO X (25%) 3 X OVFMOS X (30%) (2 TrvWMEm 2R Lz, £z,
FMOS K@ H EfGEE=RFs X OEREEASR T, FMO KIZHARTOSCm MEI Th o 72,
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fEZzR LTz, 728, FMO XEBLOFMO0S XTI, FERMMGE~K TRiE ToOM, fFEmkxHL
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fAHOT =/ BERE S UVRKO—EES, VUEE

REREREI O 2 NI BIZEENDT I B KO U ) B EO TR R & Table 3
2T, FMO KB LOFMOS KDY Vv, 77 =0BEXOT Y 20X, FMS0 KITHAR T
WEIIICTH o7, BIRO— DB LY U ERIIEX CRI%ZOEEZ R LTz,

Mkt & & VM IREB RS 547

F B BRI T 1% O KICE T D itk Es & O b2 5y O o Hris £ % Table 512~
TCHO # KT Hb i, FMO 2% FM50 IZHANTHEIEVMEZ R L7 (P<0.05), —J5, FMS50
X & FMOS XORIZIZAH B THREHNRAEENRD bR o7z,

5 B
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S L ORI DY FMO KIZ R TEVEA 203 LTz, L, ZKIEDS 21°CRIGITIE T L7z
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LT OOV TS ROBFTRETH D & Bbn s,
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Table 1. Composition (%) , proximate composition, and phosphorus content in test diets
used for adult red sea bream

Daietary group
FM50 FMO FMOS

Fish meal 50.00 - -
Soy protein concentrate - 21.00 21.00
Defatted soy bean meal 11.00 16.00 16.00
Corn gluten meal - 26.00 26.00
Krill meal - 3.00 3.00
Wheat flour 14.50 8.80 8.80
Tapioca starch 5.00 5.00 5.00
Defatted rice bran 7.35 - -
Ca(H2P04)2 - 2.50 2.50
L-lysine - 1.00 1.00
Methionine - 0.50 0.50
Tryptophan - 0.20 0.20
L-threonine - 0.50 0.50
Taurine - 0.50 0.50
Marigold powder 0.15 - -
Vitamin mixture' 2.00 2.00 2.00
Mineral mixture” 1.00 1.00 1.00
Fish oil 9.00 12.00 12.00
SSF’ - 0.00 0.05
Proximate composition

(Dry matter basis)

Crude protein (%) 46.7 46.9 46.5
Crude fat (%) 14.9 18.7 19.2
Crude ash (%) 11.3 6.1 6.0
Phosphorus (mg/g) 17.7 11.6 11.5

1 Vitamin mixture composition (unit’kg mix): vitamin A, 1,000,000 IU; cholecalciferol,
125,0001U; vitamin E, 10 g; menadione sodium bisulfite, 0.5 g; thiamin nitrate, 1.0 g;
riboflavin, 1.0 g; pyridoxine hydrochloride, 1.0 g; nicotinic acid, 1.29 g; calcium
pantothenate, 2.5 g; biotin, 0.05 g; folic acid, 0.25 g; cyanocobalamin, 0.02 g; inositol, 40
g; choline chloride, 250 g; sodium-calcium-L-ascorbic acid-2-phosphate ester, 142.9 g.

2 Mineral mixture composition (unit’kg mix): copper sulfate exsiccated, 1.4 g; manganese
sulfate, 11.3 g; zinc sulfate, 15.7 g; cobalt sulfate exsiccated, 0.05 g; calcium iodate, 0.29
g; alminium hydroxide, 0.49 g; magnecium sulfate, 96.9 g, ferrous fumarate, 39.6 g.

3 Alltech
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Table 2. Growth performance of adult red sea bream fed the experiment diets for 12 weeks

Dietary group Average body weight ~ Specific Fee.ding Daily feed  Survival rate Water
(® growthrate  efficiency . ) . temperature
_ : %) %) intake (%) (%) C)
Initial Final
1-8 week (58 days feeding)
FMS50 1012271 1282 0.41 37 1.06 97 4.8
FMO 963 : 1180 : 0.35 25 1.43 100 (28.7-20.9)
FMO0S 959 1279 0.50 30 1.54 96
9-12 week (28 days feeding)
FM50 1282° 1438 ° 0.41 36 1.15 100 19.9
FMO 1180° 1355° 0.49 34 1.46 100 (209-18.8)
FMOS 12792 1438 % 0.42 25 1.69 100
Total feeding period (86 days feeding)
FM50 10122 1438 % 0.41 37 0.94 97 29
FMO0 963 13552 0.40 27 1.26 100 (28.7-18.8)
FMO0S 959 ? 1438 ° 0.48 29 1.34 96

h Figures in a row with different superscripts are significantly different from each other (P <0.05) when
analyzed Fisher's PLSD test.
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Table 3. Amino acid composition (% in protein) of test diets used for
adult red sea bream

Daietary group
FM50 FMO FMOS

Essential amino acid (EAA)

Arginine 6.7 5.5 5.7
Lysine 8.0 5.8 6.6
Histidine 3.2 2.1 2.1
Phenylalanine 4.3 53 5.1
Leucine 7.7 10.9 10.0
Isoreucine 3.1 4.0 3.2
Methionine 2.7 2.7 2.9
Valine 3.6 4.2 3.1
Threonine 4.6 4.5 4.8
Tryptophan 0.9 0.7 0.8
Non-essential amino acid

Taurmne 0.9 1.0 1.1
Cysteine 0.4 1.0 0.6
Cystathionine ND” ND ND
Alanine 10.0 6.9 8.3
Tyrosine 3.5 4.2 4.1
Glycine 6.2 3.5 3.6
Glutamic acid 15.9 18.8 19.1
Serine 4.9 5.1 5.5
Aspartic acid 10.1 8.4 9.0
Proline 3.2 5.5 4.5

i "ND" means "not detected".
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Table 4. Proximate composition (%) and phosphorus content of whole body of adult red sea

bream fed the experimental diets

Dietary group Moisture  Crude protein ~ Crude fat Crude ash  phosphorus
(%) (%) (%) (o) (mg/g)

At 58th day

FM50 63.8 18.2 15.7 3.9 7.0
FMO 65.5 16.7 14.3 33 6.7
FMOS 63.4 18.2 14.6 33 6.9

At the end of feeding test

FM50 61.6 18.2 12.6 4.6 8.6
FMO 60.8 19.2 14.0 3.8 8.5
FMOS 62.9 18.4 13.0 3.8 8.4

* Samples from 5 fish were pooled for analysis.

Table 5. Results of hemochemical examination in red sea bream fed the experimental diets

Daietary group
FM50 M FMOS
Hb  (g/100 ml) 108 + 0.7° 90 + 12° 9.8 =+ 0.8%
TCHO (mg/ 100 ml) 230 =+ 48.0° 141 + 95t 168 + 29.1%®
TP (g/ 100 ml) 41 +£ 05° 34 + 06° 38 £ 03°
TG  (mg/ 100 ml) 197 + 812° 145 + 511° 142 + 36.7°
BUN (mg/ 100 ml) 20 + 02° 1.9 +=0.1° 21 +01°
GLU (mg/ 100 ml) 49 =+ 163° 50 + 205° 53 + 136°
ALP (IU/1) 40 + 115° 95 + 46.7° 70 + 15.6°

* Mean=t standard deviation (n =5). Figures in a row with different superscripts are significantly

different from each other (P <0.05) when analyzed Tukey's multiple range test.
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Effect of supplementation with enzyme complex to non-fish meal diet in adult

red sea bream Pagrus major

Kazuki MATSUKURA 2", Shota [iNO 2, Yutaka HAGA 2, Renato KITAGIMA 3 and

Shuichi SATOH 2

Abstract: The effect of supplementation with an enzyme complex (produced by solid state fermentation,
SSF) to a non-fish meal diet for adult red sea bream was evaluated. The SSF complex contained protease,
amylase, xylanase, B-glucanase, pectinase, cellulase, and phytase. A fish meal based diet (50% fish meal,
FM50) was used as the control diet, also a non-fish meal diet (FMO0) was used as the basal diet, formulated
with corn gluten meal, soy protein concentrate, and defatted soybean meal. SSF complex was supplemented
to the non-fish meal diet at a level of 0.13% (FMOS). Adult red sea bream weighing 328.8 g on average,
were fed the experimental diets for 16 weeks. Depression of the daily feed intake was observed in fish fed
FMO diet (P < 0.05), on the other hand, daily feed intake in fish fed FMOS was improved to the same level
as FM50 group. Growth was highest in fish fed FMOS diet. After feeding, the gastric evacuation rate and
plasma triglyceride level from fish fed FMOS respectively were faster and higher than fish fed FM0. These
results suggested that supplementation with SSF complex to a non-fish meal diet enhances feed intake and
growth in adult red sea bream.
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The necessity of reduction of the fish meal content in fish feeds is increasingly important due to
minimize the effects of oscillations in availability and costs associated with fish meal. Therefore, low
or non-fish meal diets for red sea bream Pagrus major, one of the main cultured fish in Japan, have
been tested in previous studies (Takagi et al. 1999; Aoki et al. 2000a, 2000b; Takagi et al. 2000a,
2000b, 2000c, 2000d; Goto et al. 2001; Takagi et al. 2006). However, effective utilization of plant
protein ingredients in fish diets is often limited because of the presence of anti-nutritional factors such
as phytic acid, poor palatability, insufficiency of some essential amino acids and other undesirable
characteristics which may negatively affect the growth of fish (Fowler 1980). It is reported that taurine
synthesis ability is limited in red sea bream (Matsunari et al. 2008), and that the green liver appearance
and inferior feed performances that occur in red sea bream fed the low fish meal diet without taurine
supplementation are caused by dietary taurine deficiency (Takagi et al. 2006). The presence of phytic
acid included in plant protein sources is another problem associated with the use of plant proteins in
fish feeds. Phytase supplementation in diets containing plant protein ingredients have been reported to
improve the utilization of plant phosphorus in juvenile red sea bream diets (Biswas et al. 2007). Also,
it is reported that supplementing other enzymes can help reduce the effects of anti-nutritional factors
and improve fish growth performance (Farhangi and Carter 2007; Lin et al. 2007; Soltan 2009). The
effect of feeding low fish meal diets with enzyme supplementation on the growth performance of
juvenile red sea bream has been demonstrated in the previous study (Hanini et al. 2013). However,
there are no published reports on the effect of supplemental enzymes with plant protein based diets for
adult red sea bream, and a non-fish meal diet viable for red sea bream has not been developed yet.
Therefore, the present study was conducted to investigate the effect of feeding a non-fish meal diet
supplemented with an enzyme complex on the growth performance (Experiment 1), gastric evacuation

rate (Experiment 2), and changes in plasma components (Experiment 3) of adult red sea bream.

Materials and Methods
Feed formulation
Isonitrogenous control and two test diets were prepared for this study (Table 1). The diets were

prepared as extruded pellets (5 mm in diameter) using a large size twin screw extruder (Chubushiryo
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Co., Ltd.). Anchovy meal was the main protein source (50%) for the control diet (FM50). In FMO and
FMOS, the combination of 26% corn gluten meal, 21% soy protein concentrate and 16% soybean meal
were used to completely replace the fish meal in the control diet (fish meal 0%). Control and test diets
were supplemented with vitamin mixture, mineral mixture, and taurine at 2, 1 and 0.2-0.5%,
respectively. Fish oil was added at 9-12% to adjust the lipid level to approximately 14-16%. After
preparing the extruded pellets, FM50 diet was supplemented with taurine (0.2%), water (20%) and
soybean oil (3%), respectively. Taurine was supplemented with FM50 diet in order to equalize the
levels in each experimental diets. FMO diet was supplemented with water (20%) and soybean oil (3%)
after preparing the extruded pellets, respectively. FMOS diet was supplemented with water (20%),
soybean oil (3%) and enzyme complex (liquid type, 1.25ml/kg diet) after preparing extruded pellets,
respectively. The enzyme complex used in this experiment was produced by solid state fermentation
(SSF) using a selected strain of (non-GMO) Aspergillus niger (Alltech Inc, Kentucky, USA). This
enzyme complex contains protease, amylase, xylanase, B-glucanase, pectinase, cellulase, and phytase.
After preparation, experimental diets were kept in freezer (—20°C) until use.

The proximate composition and essential amino acid (EAA) composition of the experimental diets
are shown in Tables 1 and 2. The crude protein contents were 46.7-46.6% in the experimental diets.
The crude lipid level of the FM50 diet was 14.1%, and was slightly lower than FMO and FMOS diets
(15.8%). The crude ash content of FM50 diet was higher than that of the other two diets. The EAA

composition in the experimental diets were similar to each other (Table 2).

Culture conditions, fish and feeding

Expt. 1: 0 year old red sea bream were fed the FM50, FMO0, and FMOS diets for about 8 months in
order to settle into experimental diets before starting the trial, were divided into 3 groups of 45 fish (1
year old, average weight 328.8 g) per net cage (3 m x 3 m X 3 m) in duplicate manner. At the dividing
the fish, 40 fish (body weight over 200 g) were selected and divided into the experimental net cage
which were compatible with the diet having been fed for last 8 month, and 5 fish were added from the
group fed FM50 diet last 8 month. The fish were fed 4 days per week (once a day) to near satiation for
16 weeks. The water temperature ranged from 20.9 to 29.9°C (average 25.7°C).

Expt. 2: Before starting the experiment, 1 year old red sea bream (average weight 89.1 -90.8 g) were
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divided into 3 groups of 45 fish per net cage (1.5 m x 1.5 m x 2 m), and they were fed the FM50, FMO0
and FMOS diets 3 days per week (once a day) nearly 0.75% of body weight for 6 weeks in order to
settle into experimental diets. After 6 weeks feeding, they (average weight 112.2 - 116.1 g) were kept
in a starved condition for about 3 days. The water temperature ranged from 21.8 to 22.3°C at the
sampling.

Expt. 3: Before starting the experiment, 1 year old red sea bream (average weight 887.8 g) were
divided into 3 groups of 24 fish per net cage (3 m x 3 m x 3 m), and they were fed the FMO diet 2 days
per week (once a day) near satiation for 45 weeks in order to settle into FMO diet. After 45 weeks
feeding, they (average weight 1458.7 g) were kept in a starved condition for about 3 days. The water

temperature was 20.9°C at the sampling.

Sample collection and chemical analyses

Expt. 1: At the end of the feeding trial, all fish were measured the body weight after 72 h fasting. 5 fish
were taken from each lot for determination of the hematocrit value and concentration of plasma
components to evaluate the health condition of the fish. Hematocrit value was analyzed by a
hematocrit centrifuge (HEMATOCRIT MC-201, Hitachi Koki Co., Ltd. Tokyo, Japan). Plasma
components were analyzed by a clinical chemistry analyzer (FUJI DRI-CHEM 7000i, Fujifilm Corp.
Tokyo, Japan).

A pooled sample of five fish at the beginning and the end of the feeding trial was stored at —20°C
for whole body analysis. Pooled samples were minced using a centrifugal mill (Retsch ZM 2000,
Retsch GmbH, Haan, Germany) fitted with a 0.25 mm screen. The homogenate was stored at —20C
for analysis. Analyses of crude protein, ash, and moisture were determined by standard methods
(AOAC 1995). Total lipids were extracted from samples using a mixture of chloroform and methanol
(2:1) and determined as described by Folch et al. (1957). Phosphorus were analyzed using a
spectrophotometer (UV-2550, Shimadzu Corp, Kyoto, Japan) at wavelength of 750 nm. EAA
composition were analyzed using a fully automated amino acid analyzer (JLC500, JEOL Ltd. Tokyo,
Japan).

Expt. 2: After 0.5, 3, 6 and 24 hours of feeding FM50, FM0 and FMOS diets under an equivalent

feeding rate (1.4% of body weight), 5 fish were taken from each lot and were stored at —20°C for
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determination of changes in gastric and intestinal contents. Weight of the gastric and intestinal
contents were assayed on a dry basis. Analyses of crude moisture of the gastric and intestinal contents
were determined by standard method (AOAC 1995).

Expt. 3: Before and after 1.5, 3, 24, and 72 hours of feeding the FM50, FM0 and FMOS diets to near
satiation, 5 or 4 fish were taken from each lot for determination changes in plasma triglyceride (TG)
and glucose (GLU). Plasma TG and GLU were analyzed by a clinical chemistry analyzer (FUJI

DRI-CHEM 7000i, Fujifilm Corp. Tokyo, Japan).

Statistical analysis

Results of daily feed intake, growth performance, hematocrit value, plasma components, gastric and
intestinal contents, plasma TG and plasma GLU were analyzed by one-way ANOVA (Stat-view 5.0).
Differences between treatments were compared by Fisher’s PLSD test. Values were considered

significant at P < 0.05.

Results
Growth performance (Expt. 1)

The daily feed intake (DFI) and growth performance of 1 year old red sea bream from Expt.1 are
shown in Table 3. The DFI was depressed when fish were fed FMO (P < 0.05), however, the DFI of
FMOS increased reaching the same level as fish fed FMS50 without a significant difference (P > 0.05).
At the end of the 16 week feeding, final body weight of the group fed FMOS was significantly higher
than FM50 and FMO (P < 0.05). The growth rate (GR) of the group fed FMOS was significantly higher
than FMO (P < 0.05). On the other hand, there was no significant difference between the group fed
FM50 and FMO in GR (P > 0.05). The feed conversion ratio (FCR) of the group fed FM50 was

significantly higher than FM0 and FMOS (P < 0.05).

Hematocrit value and plasma components (Expt. 1)
Hematocrit value of and plasma components of the fish in Expt. 1 are shown in Table 4. Hematocrit
value from the fish fed FM0O were significantly higher than fish fed FMS50 and FMOS (P > 0.05).

Plasma components except total protein (TP) and TG were not significantly different in each group (P
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> (.05). TP from the fish fed FMO was significantly higher than FM50 (P < 0.05), on the other hand,
TP from FMOS was not significantly different compared with FMS50 (P > 0.05). TG from the fish fed

FM50 was significantly higher than FM0 and FMOS (P < 0.05).

Proximate composition and EAA composition (Expt. 1)

The proximate composition and EAA composition of the whole body from fish in Expt. 1 are shown
in Table 5. At the end of the 16 week feeding, proximate composition except phosphorus and taurine in
the whole body were similar to each other. The phosphorus content of the fish fed FM50 tended to be
slightly higher than fish fed FM0 and FMOS. The taurine content of the fish fed FMS50 tended to be
lower than fish fed FMO and FMOS. The EAA composition in the fish sampled at the end of 16 week

feeding were similar to each other.

Growth performance (Expt.2)

The DFI and growth performance of 1 year old red sea bream from Expt. 2 are shown in Table 6. At
the end of the 6 week feeding, there were no significantly difference in final body weight. FCR of the
group fed FM50 was slightly lower than FM0 and FMOS. SGR, GR and protein efficiency ratio (PER)
of the group fed FM50 was slightly higher than FM0 and FMO0S. FCR, GR and PER in the group fed

FMO and FMOS were similar to each other.

Changes in gastric and intestinal contents (Expt. 2)

The changes in gastric and intestinal contents from the fish in Expt. 2 are shown in Fig. 1. Gastric
contents did not show significant differences between each group. However, gastric evacuation from
the fish fed FMOS tended to be faster than fish fed FM50 and FMO after 0.5 to 6 hours from the
feeding. Gastric evacuation from the fish fed FMO tended to be slower than fish fed FM50 after 3 to 6
hours from the feeding. On the other hand, intestinal contents in each group were constantly
maintained low levels relatively after 0.5 to 24 hours from the feeding. Intestinal contents from the

fish fed FMOS after 6 hours from the feeding was significantly lower than FM50 and FMO (P < 0.05).
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Changes in plasma TG and GLU (Expt. 3)

The changes in plasma TG and GLU from the fish in Expt. 3 are shown in Fig. 2. After 24 hours
from the feeding, plasma TG in the fish fed FMOS was significantly higher than FM50 and FMO (P <
0.05). Plasma GLU in the fish fed FM50, FM0 and FMOS gradually increased after feeding, reaching a
plateau at 3 - 24 hours post-feeding. After 72 hours from the feeding, plasma GLU in the fish fed
FM50 was significantly lower than FM0O and FMOS (P < 0.05). On the other hand, there were similar

changes in plasma GLU from the fish fed FM0 and FMOS.

Discussion

In the Expt. 1, the depression of DFI was observed in fish fed the FMO diet in which 100% of fish
meal was replaced by plant proteins. In previous studies, depression of DFI has also been observed in
adult red sea bream fed non-fish meal diet (Takagi et al. 2000a, 2000c). However, in this case, GR and
FCR in fish fed FMO were not inferior to the control diet (FM50), and were not in line with that of
previous studies (Takagi et al. 1999, 2000a, 2000c). These differences were probably due to
supplementation 0.5% taurine and well-balanced plant protein source components in diet FMO.
Previous studies found that taurine is necessary for the growth of red sea bream (Takagi et al. 2006;
Matsunari et al. 2008). Also, it is considered that the fish meal component can be substituted by a
combination of various protein ingredients without ill effects because of well-balanced amino acid
composition and reducing anti-nutritional factors (Aoki et al. 2000a, 2000b, Takagi et al. 2000c¢).
Whole body taurine content and EAA content in fish fed FMO0 and FMOS tended to be equivalent or
higher than FM50. It confirmed that taurine and EAA were satisfied in fish fed FM0 and FMOS.

FMOS significantly increased final body weight, GR, and DFI compared fish fed FMO0. These results
were similar to the previous finding that supplementing a low fish meal diet with an enzyme complex
and taurine in feed for red sea bream has a positive effect on fish growth (Hanini et al. 2013), and the
addition of phytase at 1000 FTU/kg diet enhanced the growth of red sea bream (Biswas et al. 2007).
However, in this study, whole body phosphorus content in fish fed FMOS was clearly not higher than
FMO at the end of the feeding. That is not in line with previous studies (Hanini et al. 2013; Biswas et
al. 2007), and implies that phytase in FMOS could not improve the utilization of phosphorus in this

study. FMO and FMOS diets were supplemented 2.5% Ca(H2PQOs),, on the other hand, 1.0%
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Ca(H,PO4), was supplemented with test diets in previous study (Hanini et al. 2013). In this study, it is
considered that phosphorus in fish fed FMO and FMOS were satisfied irrespective of the phytase
supplementation.

Plasma components except TP and TG were similar to each other groups. Hematocrit value and
plasma TP in fish fed FMO tended to be higher than FM50 and FMOS, also, plasma TG in fish fed
FMO0 and FMOS tended to be higher than FM50. However, these were not markedly different among
the groups and previous studies (Takagi et al. 1999, 2000a, 2000b, 2000d). In yellowtail Seriola
quinqueradiata, it was reported that plasma cholesterol in fish fed non-fish meal diet was significantly
lower than in control fish, and mortality due to a natural infection with bacteria occurred among fish
fed the non-fish meal diet, but not among the control fish (Maita et al. 1998). In this study, plasma
cholesterol in fish fed FMO and FMOS were not significantly different compared with FMS50.
Therefore, it was suggested that fish fed the FM0O and FMOS diets were not in a poor health condition
compared with FM50. However, the mechanism of increasing hematocrit value, plasma TP and TG
content in fish fed FMO is unclear. Investigation into the cause of differences in blood parameter and
plasma components in red sea bream fed non-fish meal diet should be the subject of a future study.

Gastric evacuation in fish fed FMOS was faster than FM50 and FMO from 0.5 to 6 hours after the
feeding, and plasma TG in fish fed FMOS was significantly higher than FM50 and FMO 24 hours after
the feeding. On the other hand, gastric evacuation in fish fed FMO tended to be slower than FM50 and
FMOS from 0.5 to 6 hours after the feeding. These indicate that the digestion in fish fed FMO diet was
slower than FM50, and SSF complex in FMOS enhanced digestion of the diet and gastric evacuation.
In a previous study, it was found that the daily feed intake of juvenile grouper, Epinephelus tauvina
was closely related to the amount of feed remaining in the stomach and intestine (Thia-Eng and
Seng-Keh 1978). Also, high apparent digestibilities and plasma TG of the red sea bream were detected
until 9 or 12 hours after feeding in another study (Takii et al. 1997). Therefore, it is considered that the
depression of DFI in fish fed FMO in the Expt. 1 were influenced by slower digestion, and SSF
complex in FMOS promoted digestion of the test diet and feed intake in adult red sea bream.

In the Expt. 2, GR, FCR and PER in fish fed FM0 and FMOS tended to be inferior to FM50. These
are not in line with Expt. 1. In previous studies, it is considered that adult red sea bream is superior to

juvenile red sea bream in availability of the substitute protein sources due to the improvement in
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availability of the nutrient component, the improvement in resistance against anti-nutritional factor
and the change in requirement of the EAA (Takagi et al. 2000c). In the Expt. 2, 1 year old red sea
bream were fed the test diets, however, their weight were more right (initial average weight: 89.1 -
90.1 g) compared to the fish in the Expt. 1 (initial average weight: 328.8 g). The depression of growth
parameters in fish fed FMO and FMOS in Expt. 2 were probably due to the low availability of the
substitute protein sources in small red sea bream. Growth parameters in fish fed FMOS was similar to
FMO, this is not in line with Expt. 1, too. In the Expt. 2, fish were fed the test diets 3 days per week
(once a day) nearly 0.75% of body weight, not near satiation. It was considered that the growth
performance in fish fed FMOS was not different from FMO in the Expt. 2 because of the controlled
feeding.

The results of the present study demonstrated that the non-fish meal diet supplemented with taurine
satisfyingly with well-balanced plant protein ingredients have the potential to grow adult red sea
bream as well as fish meal diets in right water temperature condition for red sea bream (20 to 30°C).
However, it was suggested that feed intake in fish fed non-fish meal diet were depressed due to the
influence of feed remaining in the stomach and intestine. Supplementing a non-fish meal diet with SSF
complex has a positive effect on feed intake and fish growth in adult red sea bream. Therefore, this
non-fish meal diet could replace fish meal based diets for adult red sea bream. However, in present
study, fish were settle into non-fish meal diet for about 8 month before starting Expt. 1. Better feeding
method to settle into non-fish meal diet is necessary from a practical application perspective, and

should be the subject of a future study.
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Table 1. Ingredients and proximate composition of the experimental diets

FM50 FMO FMO0S
Ingredients (% wet matter)
Anchovy meal 50 - -
Soybean meal 11 16 16
Soy protein concentrate - 21 21
Corn gluten meal - 26 26
Krill meal -
Wheat flour 15 9 9
Tapioca starch 5
Rice bran 7 - -
Fish oil 9 12 12
Taurine - 1 1
Ca(H,POy), - 3 3
Vitamin mixture 2 2 2
Mineral mixture 1 1 1
Others * - 2 2
Externally added (%6 wet matter)
Water 20 20 20
Soybean oil 3 3 3
Enzyme complex (SSF complex) - - 0.13
Taurine 0.2 - -
Proximate composition
Protein (% Dry matter) 46.7 47.6 47.5
Lipid (% Dry matter) 14.1 15.8 15.8
Moisture (%) 16.3 16.0 16.6
Ash (% Dry matter) 9.4 5.5 5.5
Phosphorus (mg/g Dry matter) 15.1 10.6 10.5
Taurine (mg/g Dry matter) 5.56 6.83 6.59

* Others: Lysine (1.0%), Methionine (0.5%), Tryptophan (0.2%), Threonine (0.5%)
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Table 2. Essential amino acid composition of the experimental diets

FM50 FMO0 FMO0S
Amino acid (mg/g dry matter)

Threonine 21.5 26.5 24.5
Valine 20.2 20.4 18.8
Methionine 6.9 8.7 8.5
Isoleucine 17.3 18.0 17.3
Leucine 36.0 533 53.4
Phenylalanine 22.5 28.2 28.5
Histidine 10.4 9.0 9.2
Lysine 36.2 32.8 32.0
Tryptophan 2.8 2.2 2.9
Arginine 233 24.4 23.7
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Table 5. Proximate composition and essential amino acid composition of the whole body from
the fish at the end of Experiment 1*

FM50 FMO FMOS
Proximate composition
Protemn (% wet matter) 19.6 19.1 19.1
Lipid (% wet matter) 14.7 13.3 14.4
Moisture (%) 59.5 61.9 61.0
Ash (% wet matter) 5.2 5.7 4.8
Phosphorus (mg/g wet matter) 10.1 8.6 8.7
Taurine (mg/g wet matter) 7.54 9.41 9.88
Amino acid (mg/g Dry matter)
Threonine 19.6 19.9 20.5
Valine 17.2 16.5 18.6
Methionine 10.7 11.7 11.7
Isoleucine 14.6 13.5 15.8
Leucine 32.1 31.3 333
Phenylalanine 18.5 18.1 18.7
Histidine 8.4 8.7 8.5
Lysine 38.2 37.6 39.4
Tryptophan 3.2 3.0 1.9
Argnine 15.4 28.6 22.9

"A pooled sample of 5 fish, without replication.
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Table 6. Daily feed intake and growth performance ofred sea bream in Experiment 2°

FM50 FMO FMOS
Initial weight (g) 90.4 89.1 90.8
Final weight (g) 116.1 1122 112.6
Feed conversion ratio' 1.28 1.42 1.51
Specific growth rate (%)’ 0.58 0.54 0.50
Growth rate (%)’ 28.4 25.9 24.0
Daily foed intake (%/day)’ 0.74 0.76 0.75
Protein efficiency ratio’ 1.68 1.48 1.40
Mortality (%)° 0.0 0.0 0.0

' Feed intake (dry matter)/weight gain.

100 % (In final body weight-In initial body weight)/feeding days.

> 100 X (final body weight-initial body weight)/initial body weight.

* Feed intake (dry matter) X 100/[(initial fish weight+ final fish weight+ dead fish
weight) X feeding days X 2].

: weight gain/protein intake (dry matter).

° 100 X dead fish number/initial fish number
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Fig. 1a. Changes in gastric contents in the fish fed FM50, FMO0 and FMOS diets in Experiment 2. Values are mean

& SD of 5 fish. Values in a column not sharing the same superscript letters are significantly different (P

<0.05).
0.70 -
OFMS50 ®FM0 BFMOS
060 - ]
ng 0.50 o
S~ a a
S 5 040 1 T ] 1
;;é 0.30 l l b
;: D - ﬁ
£ 2
538 020 - § [
=3 §
< 0.0 A §
0.00 %
05h 3h 6h 24h

Time

Fig. 1b. Changes in intestinal contents in the fish fed FM50, FM0 and FMOS diets in Experiment 2. Values are
mean * SD of 5 fish. Values in a column not sharing the same superscript letters are significantly

different (P < 0.05).
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Fig. 2a. Changes in plasma triglyceride in the fish fed FM50, FMO and FMOS
diets in Experiment 3. Values are mean * SD of 4 or 5 fish. Values in a

column not sharing the same superscriptletters are significantly different

(P <0.05).
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Fig. 2b. Changes in plasma glucose in the fish fed FM50, FMO and FMOS diets in
Experiment 3. Values are mean & SD of 4 or 5 fish. Values in a column
not sharing the same superscript letters are significantly different (P <

0.05).
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ABSTRACT—We aimed to investigate the disease resistance against Edwardsiella tarda in red sea bream

Pagrus major fed low or non-fish meal diets. In 2 trials of oral treatment, yearling red sea bream were fed 3

experimental diets, a fish meal based diet (50% fish meal), a low fish meal diet (Experiment 1: 20% fish

meal, Experiment 2: 25%fish meal) and non-fish meal diet, respectively. The low fish meal diets and the

non-fish meal diets were formulated with corn gluten meal, defatted soybean meal, soy protein concentrate,

poultry by-product meal and feather meal, as protein sources. The fish fed experimental diets for 61 days

(Experiment 1) and 81 days (Experiment 2) were infected with E. tarda by immersion infection. At the end

of the trials, there were no significant differences in cumulative mortality and carrier rate between each

group (P < 0.05). These results suggested that the red sea bream fed well-balanced low or non-fish meal diet

have the disease resistance against E. tarda as well as the red sea bream fed fish meal based diets.

Key words: Edwardsiella tarda, Low fish meal diet, Non-fish meal diet, Pagrus major
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TSR AL ZRHE A BE BN L T D — 5 TR ORI EMICH Y, fHoF
feEimITEE LT D, 2O X5 RS, ENOFERBIHAIRIETH L~ ¥ A Pagrus
major CIIRTIEIFEEIOFIAMEIC BT 2783 ThN TR Y, ZORE, RiikEY vy
B, KEh#, a—r 77—, FFr3—/, I—FI—VERREERLE LA
NEEZ BN TS (Aoki et al. 2000a, 2000b, EA D 1999, 2000a, 2000b, 2000¢, 2000d), = &
I~ &A1 FRTIE, EROEEE L TRAT IV BHEREZRET 22 Lick by, fkdic
EENDAED 90~100%% KT X 5 A[REMEIVRIE STV D (Aoki et al. 2000b, FA D,
2000d)., F7=, SR O EZREPMEEE TR LG EIE~ A T TV URRIZE D
FRFERTIE LT b DD, fEHZZ 7V 2R T 5 2 & TEOIERDYGE L2 2 & il
ENTW5 (Takagi et al. 2006) ,

K - MADEECRE L7220 T, R & THURMEDME T 5 rIREME M E S
THEY, KEMHSOMYEREZ EFE - LBl c#ifaz s L-5GAal, 7V ik
RER T L fifEa L 2T 20— B TR L Lactococcus garvieae BEERF DR D LH
(Maita et al. 2006), ~# A TIEEEHM T O CE EHLHMEKREREEOEKT (LT,
2013), =T~ A TIINTHEIRAERR DM CREFS 2012, 5T 5 2010) AL TWD, £D
—J T, WIEICERARE STV 2 EAmATE T hiuTaith () OAEFFITE(L L2
WZ & (R 2013), (KEMEEIA~OT A X XH U F U ORGIZE D~ XA OFERMT O
FEUERPFEICYEES N2 E (U 2013) p#HEINTND,

2o X, K - BRI CEE Lo ROPURMEICBEET 2 MG TR T 50, &
By TR & RS OB R 2 L72AK - R ETEHZ DV T, IR O BRI L 0 5F
L7 FBIEEEH ST, WIEE B X ONHEAR O - BN CHE LIz~ 41 O
PURTEIZ AT H D,

Z 2 CARWIZETTIE, faly BARETEL & RS ORRE 2R LTZAR - s EHZ oW T, b
R~ H A OPIRIEICRIET LY, AEOTERFLRD | 2O THDHT KT VT TR M
W Edwardsiella tarda % N2 2 BIOBCREAERIC L D Bat L7z (326 1 BT 2),
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SRERAAH

FBR 1 B KO 2 I WA BR AR O BL A LIS K OB /o s R & Table 1, 2B 1 12
W BB O MZET X BB O ST 5 & Table 2 123, sRBRETEFH 0O FUR) BE 1L 50%,
20%, 0% F 71Tk 50%, 25%, 0% O 3FEMEE L, EES~6mm DT/ A hL—F v K
ikt (EP) Z Ao, B mofr bR, FEBR 1 ICH W=k 50%EE LT I R 23k 20%
B L O 0% BHT R TR Ml 2 R L7228, HARIABLAS O — il 43 1345 B r) 2%
DAz R LTz, B 1 B L2 THOWZME 50%EE O U 5 &iX, £ 20%, 25%, 0%fH
FHI AN TEWMEZ R Lz, £72, EB 1 THOWZ AR 20%3 X O 0%f1EHI & £ 5 %
BT R JBOEIX, B S0%EEHI A TRI% 7132 L EofEZE R Lz,
HARBLUTHAS

RER 1

R AR A K EERERYG D 3 m X3 mX3 m AF 3 IS, v XA 1 FH CEHKEI g % 45
EFOUEL, 201444 H 23 A5 61 BROPAE 21T -7, PiEfAE L, RAKE
D 0.7~0.8%FEE % H 2\ BRE K 208 3 A O CHEET O Lz, TlHfAE®RITIAE
B 19 BT o L CEYRE 112~116g), MEKXEETH 4 A, BES500L
DA 3 B CfE L (BIEDHD) . SIS I3 EGeE s U<, BAUKIET OKiE 24.1
~24.3C) TEINRAXERK DWKET 21T -7,

RER 2

R G KERBRYE D 3 mX3 mX3 mAE® 3 HlC, ~& 4 1 ¥ CEIRE398 g) %
25 BT OIEL, 201548 A 1 A 81 HMO PHEHE 217 o7, TlEAE I, Bk
HOD 0.8%FRE & H 24 RBREE A 3 B OBE CHETOMEE L, THEIEH%IIEER
MMM 20 BT o2 3B L CEY¥IRE 630~665 g), MIEHEEE O 1 HIF, && 500 L

OMJEKEE 3 JETHET L, BIZEIRPIIEREE LT, BAKET OKE 23.1C) THS

o

AR UK DL KE B 21T > 772,
#HAEH®
HERERRIZ 1T 2012 FRICRIG RN OB~ X A )6 4y BiE S 7= E. tarda Ns12 sousuil2 #£ %

Wz, IS OFERITEFE R 2 B RS, 1.5%NaCl 7L A o n—hAf b a—Tg 3
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KEgH (AAKBUSR) THE#%, 1.5%NaCl 7 LA vn— b A b o— g UikiRE; i Bk
L, 25CT 48 iR & H 5 Lo b o 2 AR & L TRV,

ey

HIBEZCEEIE, IR S00L (52B% 1 : 3.65X10° CFU/mL, EER 2 : 1.13 X107 CFU/mL) % A7z
MIEANE 1 2 (BCEAME, 58 1000L) OFIZ MY xy MUOMEES 2 (HS :1.5em
X1.5cm) 3fHZHEL, B ITN~ERXO~V A 2R RBRKEICINER, 1 RERNRET 2 Rk
E LTz, B, BRETIREELZ b —X—T25CITMEL, KENOBEKRENE—I12/25 &
25 < WK LT,

HEREROMAE

MBS O~ Z A 130 3T & KB KM (500 L [, 1 KE/X) ~BEL, hI%
PR S TEBEAENASIE Uiz, TR S8 E AN ~OBENH ) 5 RERTIES X 30
McHt— Uiz, 7o, EBR 1 TIXEBE R ~OBE ORI REMLIL 217D hr o T2y, EBR
2 T, EBRAOBRERNES BEIRFICAICA LI A LVEOEHRRREVWEEZZ O
0, WEEEIZ 0.05%0 2-7 = / F i ) — )L TR 21T\, KB KM~ BEh LT,
B KIE~DOBEHR, FRO~Z A 1T —% — TR L= ER K CofikidEs (7L
5y) wAToTlz, 7ok, WEHROETRIIMERE S L, FBR1 T2 AW, &2 TET29H
M ORBBIEZL 51T - 7=, FERIF P O /KIE T, 528 1 T 24.7~253C, EH 2 TIE23.1~24.3C
THER LTz,
REABLUVERADRKRE

FEBRWIRI A U7 sE UL, fROSMElE L ONBER OFT LA TERE L 7-1%, Blif o SS %
REFHIZH Y BEZ AT\, E. tarda OYBEPHER SNTZAEZARIEIC L DT E Lo, £z, %
BRA& TIRFIZAERR L QoM 10 BAEREL L, MIRIRE R, (AR B L UHMED X L, (KR DR,
R OREERR N R OFELZ A L, ok, HELZAKRLD S D, FEB 1 TIIA 10 2,
FBR 2 TS 4 BICHOWT, MRS S O TR, ok, JERADOEZEEIC DWW T,
BIRIC A H A2 RIZET 2 HIEIC K VITo7z, —F, ERAD D MIRORE R L OVER L
MBI DBRIL, KV EFRICEZ DHET D 72012, WIRZ B L= RIS E YA 1T o T2,
HatnE

TFARE B AL TSR T 545 KO EHRER L OWE L, Fisher O PLSD JEIZ L A ME %17

STz, FEBRK TR 25 KO RBEL LR, LA OMIERE SR, PREEE, FROA
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LB LR, BIEOFSEIRE/ B8 HHEERIX, Fisher O EEMERFHFIEIC L AMELITo T2,

w R

RER 1

X O AR RE L O ERAEZ Table 3 (2R, akBRETE O3 A A7 75 0O #E K IR IX
16.7°C~228COITHERE L (F 204°C), £ TORBRX T RV P FIEDORIEF L UBE
CAITRD bRz, FXOE B Table 3 1287, sBRETEOMEIERE K THROF
PIRER OB L, SR THREENA LR -7 (P> 005), HEEERE, &K
M CIRIEFEOME A R Lz, BERREITAR 50%X : 1.28, fH 20%[X : 1.35, #f) 0%X
142 THY, EEHOLBEIREICENO0m < 22 DR AR Lic, ME SRR D FEBRE T
F TOHMICHEIT D& KO TCEOHER F Fig. 110, FRIE TIREICI T 5% KO REE L E,
A ORI, BIRERE, RRB I OED A VHEBIR, (RROIEGHBIER, B
Hikk/ N A B 2 Table 4 12”7, EBRE TRFOBIELTERIL, M) 50%X @ 15.8%,
20%[X 1 26.3%, Ky 0%[X : 15.8% %4~ L, FXMTHEENZ LR ->T (P>0.05), 7
B, ETORETHITIIREL LCEDO X L, KROIBENRD b, BENG E. tarda 7357
HES LT, ARMAICIIERERB KOO A LR EGBO bT, MIRARERIL, &8 50%Xk
L 20%IX 1 70%. £k 0%X : 60% % <L, FXETHEENZLNRN>T2 (P > 0.05),
F7o, ABAICET D REOEEHBLERE X ORISR A BRI LA R TaE A
BB IVT (P> 0.05), AR # BTy 50%[X:3.77 log CFU/g, #8) 20%(X :3.20 log CFU/g,
Ky 0%X : 3.591og CFU/g Th Y, HXTREDEZ R~ LTz (P>0.05),
RE& 2

REREAEOFG I B F OWEKIRIX, 27.7C~23.0°CORMTHERE L (7% 25.5C), £k 25%
XC1RBELC LD, ETORBRX T FU YT IIREDRIEITRD HLiv/enoTo, & XOfH
BHAE % Table 51273, ABRETEIOAGEIERE R TIRFOFIREIT, KM THEENRA LI
o Te (P>0.05), MBI, ff S0%[X @ 22.0, #Ufy 25%IX @ 21.8, F 0%X @ 21.2 &
AL, B 0% XD ER S0%KIZHANTHEIIEVMEZ R L. (P<0.05), HEMEERTL, M
B3 25% X 3Ky 50% X E K Oy 0% KIZ AR TOoREWEIITH 0, ) 50%X & 0%

PATIZIZRFEOEZ 7R Uiz, HPEREBUIAE 50%[X 1 1.40, Fky 25%[X 1 1.29, Ky 0%[X
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144 TH Y, K 25% XKD 50%XK I LUK 0%XIZ AT WM 207 Lz, A
BB FEZRE T TOMMICK T 5285 XD T ROHER 2 Fig. 2 12, EBRK TRICET
HEXORREEE, LRAOPIBRREE, WMEAEEE ARBLIOEO X LINBIE, k£
OIS HELR, BIAS R/  AHHELE A Table 6 (2R T, EBRIE TREO REECRIL, B
50%X : 0.0%, Faky 25%IX : 5.0%, MK 0%X : 0.0%% R L, SEMAIZME 25% K0 1 B2
T oo, My 25% X T U SEAIIARRIC A LB T OTEENRD b1, Bl 5 E. tarda 73
BES T, AFERAIZIIRRB LI OEO A LAEEBO LT, MIRRERIL, £ 50%X :
60%. Faky 25% X LTV 0%X 1 70% %~ L, &XETHEANA LR (P> 0.05),
F o, AFRMAIZBIT D REOIRE BRI L OB Sk B R BRI S & X T B 4
NI BIVT (P> 0.05), MURAE B 2R3 40K 50%0X :4.47 log CFU/g, £a8) 25%[X : 4.35 log CFU/g,

k) 0%X : 4.571og CFU/g Th Y, HX TREDEZ R~ LTz (P>0.05),

5 B

EER 1 OFERTIE, R oA REZHIET 2100 A B E RS KO AR D
Mz LD, ZTOETITLS DTN THY, RBREROREEFRER 7RISR 5 FAKER
KON ISR R A B Z LA D e oo (P> 0.05), EER2 TiX, A 25%X 0 [ H
HE RS L OB 50%X 36 K UEY 0% XKICH R TORENL LB AZ R~ L, £
50% X & faky 0% X DM TIZZEN & O H R FHEOMEZ R Uiz, FEEr 2 ORUBREEHA A a5 7
TREZ IS 2 IR X, £k 0% X A3 fKy 50% K12 He~ TR BTV Ml Z 7= L7223 (P <0.05),
ZOZETHEHYNE <, SR EICIIRHN AR ERH LN D -T2 (P> 0.05), PLED
ZEMD, EBR1IBIO2 OWFIZENT, (K- BEAHMER CHEE L&A 1 YR, £
B EAREEE e T R G VR 2R LWz St sz, @ADS (2000d) 1%, 195
AN R SEERBROME RO, HHET I VBHAEBE L CREMM, a—r 71703
—N, FXUOI-NFEORKEY ANV EERATHZLICED, ¥4 1 FRIZBW T
B ofam iz KIEHIRc&E 5 2 L2 RE L TCW\5, £72, Aoki et al. (2000b) 1%, 87 HFH
OFEBERBROFER, KEHH, a—r I ATy I—0N, FXUI—NVEONREY X8
Bl L, MET X BEME L BANEE Cll~ 41 OfRER L OMEBEIREICERE L &

SR oTe Z L EW|E LTS, KERTHOWAR - BEKHEEHT, T o0MAEZE%E
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ELTC, REMHIBIRa—r I ATy I—b, —ICIBEHRES L7 RTFF I —L
LEA LTS, IHIZ, ARHEIRICHENARBBREESND ) PV BIUA T A= %00
HT7 I VBEMEL, vHXAIZBOTHEP L OBROMLEENREI N TWDLE XD T v

(Takagi et al. 2006, Matsunari et al. 2008) DWW HIT> TWD, ZTD X I, ARWFEOIFEER 1
BLO2 THWK - A EEENE, SREAEY 37 S KOWHET X BEOR A
FUCHEE Lo T2 FHTH 0, FRHCER 1| T, RBREEI O OREE, BWAET X BER
KO U U v ENEHERER L RS EOEEZ R L2 &b, K- BEHERX O~ &
A 1 FRaPBERERX L #aRWEEREE S LI-boEEX bR,

AR TIL, v~ X AT DT KT VT TREOREA IR AT <, ERERELE L
THE LTV 5 LI ST RBEGC K DMK 21T o 72 (RIS 2008), PIEDS (2014)
X, TRUTTZIIEEZARFER LI~ XA OIBERICHA LN/ PNAERHFETH L 2 L &
B L7z BT, A& HOEER~DRIZC X 5 W 0BE IR FEND E. tarda % 44531253 B
TEY, MRE L TEPBERDNMET T 2N H L L 2R L TS, TOMAESE R
T, EBR1 B IO 2 T, MR ERE L #RT BRI R A B U ECH AT 5 7,
ER 1 BL T2 TOMIKICI T D E. tarda TREFRPEIX 60~70%% 7R L, JERICAEROIEL
BLOBIROFEE AR EZ I U & T 5 E tarda OFHEAO7AER FE S 1977, &k 1977,
KD 1982) RO OLNIZZ &nD, RWFFETIE, MEBE L EHOBESMER <AThbz b
DEBZBND,

EER 1, 2 & HIS, KRNSO ERKT ETOYMICE T 2 BT R, ERKTHICE
J 2 AR OBIBIRE R X OVEREIT, SR TERALN R T, 2O Lnb, K
WFIEClad 7 < & BIEYLH 22~29 A OBIRIZI W T, (K - BAMEECRE Lz~ & A O
RECRILE K OVE. tarda \Zxt3 2488UHEE, S ERERIX L FECTh o7 2 EAVRIBEE L
2o 7V TIE, EAMEEOKEIC K VB MAL UIFER, L garvieae W51 DHBEIME
TLeZ e, 20V oRMci v EINTZZ ERRESNTND (Maita et al.
2006), E7=, IF (2013) 1%, & A AR E LK - EAKMEIEHT X 2 8 TGO R,
B OB EMEVNEE T RU VT TIEFIZ XA TED LA L2y, KEamEt~0 7T
AL XY TF ORIV ACEPFREICUE SN EAHMELTND, ZDO LI,
1K - AR CEIM BT HHEAICBNTY, RETI RS ZMET S ZLI2LY,

PURTEDUFIIARETH 5 Z L WVRREN TN D, £To, IEmENMEN~ X A1 E. arda O
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REENEL 25 ERL, TORKE L THORRBLZEBRTE TRV ERHEES
TS CHAE - BA 2015), SRV - R EEHET, #0 VBB Py, AF
F=VEORERT X BRERML, S ERER L R L TH T Y VB ROWET X B
RN Tl L9 IR OB SRR EE 2 fh o 72 ECIER & iz iz, AR
TIHAERNTENR DL DBEREIOREPE IS WERETH -T2t E X b, RBREED
TEEHEE PICR T DK - AR O~ & A OfE AR I EAREEHX & [F% oK %
R LTz, AED Z &0, 437253 A FEEUATRE C db 2 3 IE 72 Bl AR DA - el ki,
~ XA D E. tarda \ZxXT D IPIMEICE UWEREZ RIS 002 &R S vz,

FhR 1 TIE, 2TORMTERBIED A LR O N0 L, AFAlTEh 6o
JERN 2D ONRNPoTe, ZOZEND, EB 1 Tk, REBBIVHEOA LR~ A D
FERRICKRE IR BE 5272 2 LD MR SIS, E. tarda DFa~ORARIRIL, IHECME720)
TREELEDNLTWS Z & (Ling et al. 2001), AREBRITEIEEIC L WV MEKXE AT 7
ZEMND, KRERERALTHMRALZWREENE 2 D, ZTOB, RERLOEOENH
DREAZRLIZZ EBHERSRD,

Ehr 2 T, R, ERAOHFICEWT, REBLMEOEGR 2RO Lol
ZOZEND, EBR L 2ICBITHRERS L OEOEO HBROE T, WEBROKEE %
IZBT A HEAR Y O FIEOBEWC LV AL Z LR END, £, FEBR2 TIE, [
U E O CHEIROBENER 1 IR TOLEP 2 ICb b o$, BELCEIL 00
~5.0%& FEBR 1 ICH_RTRVMEZ R Lz, ZORKE LT, TRREBICRIT 2IRER LOYE
DOEOAE, A OERER X OIEMEDE (28R 1 FHIRE 112~116 g - JEGHE : 20.8
~21.1, 3B 2 VR E 630~665 g« fEIME 21.2~22.0), E72ITZ DM HNEZ HNDHN,
A FROFMERTIXZOREPRIIAPATH 5, PAED (2015) X, FEFEEOS S L2130
W DIRE N E. tarda FEAEMNE~ 2 A ORERICADRE L HZ DMl HD L aWd L
TWo, 5%I%, BREBLMECEOFEN~ A D E. tarda (x5 D HBPIEIC KIE T8
IZ2OWT, ERLIMHADPBELZZ HND,

ARFFETIE, AR - EAMEE CEE L, 0 EEEE L RSOMERELZ R LIz~ 2 A 1
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Table 1
Ingredients and proximate composition of the experimental diets

Experiment 1 Experiment 2
FM50 FM20 FMO0 FM50 FM25 FMO
Ingredients (g / 100 g wet matter)
Anchovy meal 50.00 20.00 - 50.00 25.00 -
Soybean meal 14.00 23.00 23.00 4.00 15.00 25.00
Soy protein concentrate - - 20.00 - - -
Corn gluten meal - 26.00 26.00 4.00 16.00 31.00
Poultry by-product meal - - - - 8.00 7.00
Feather meal - 4.00 6.00
Wheat flour 13.00 12.45 9.00 9.00 8.00 3.30
Tapioca starch 5.00 5.00 5.00 7.00 7.00 7.00
Rice bran 9.00 - - 12.00 - -
Fish oil 6.00 8.00 9.50 11.00 8.00 10.00
Palm oil - 3.00 2.00
Taurine - 0.30 0.50 - 0.50 1.00
Ca(H2PO4)2 - 1.50 2.50 - 1.50 2.70
Vitamine mixture' 2.00 2.00 2.00 - ; ;
Vitamine mixture” - - - 2.00 2.00 2.00
Mineral mixture’ 1.00 1.00 1.00 - - -
Mineral mixture’ - - - 1.00 1.00 1.00
L-Lysine - 0.50 1.00 - 0.45 0.90
L-Methionine - 0.25 0.50 - 0.23 0.46
L-Threonine - - - - 0.23 0.46
L-Tryptophan - - - - 0.09 0.18
Externally added
Soybean oil (g / 100g wet matter) 3.00 3.00 3.00 - - -
Skipjack peptide’(g / 100g wet matter) 0.50 0.50
Enzyme complex’(g / 100g wet matter) 0.20 0.20
Astaxanthin (ppm) 40.00 40.00
Proximate composition
Protein (% Dry matter) 47.3 48.1 47.7 45.4 46.2 44.0
Lipid (% Dry matter) 19.6 16.4 15.3 15.8 16.1 14.8
Moisture (%) 3.1 6.8 49 7.3 7.6 6.6
Phosphorus (mg / g Dry matter) 19.5 12.0 12.3 18.1 14.7 11.2

! Chubushiryo Co., Ltd.

% See Takagi et al. (2005)

3 Chubushiryo Co., Ltd.

* See Takagi et al. (2005)

® Marubeni Nisshin Feed Co., Ltd.

¢ Alltech. 91



Table 2
Essential amino acid composition of the experimental diet in Experiment 1

FMS50 FM20 FMO

(mg / g Dry matter)
Threonine 13.2 16.7 12.3
Valine 9.6 11.3 9.0
Methionine 4.6 6.4 7.2
Isoleucine 7.7 9.5 7.4
Leucine 21.2 35.8 353
Phenylalanine 12.6 17.2 18.3
Histidine 6.2 6.6 6.4
Lysine 20.1 19.0 21.2
Tryptophan 2.7 1.5 3.1
Arginine 22.1 19.2 18.1
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Table 1. Ingredients and proximate composition of the experimental diets

Commercial diet Low fish meal diet
Ingredients (g / 100 g wet matter)

Fish meal 40.0 25.0
Soybean meal 20.0
Corn gluten meal 25.0
Wheat flour = 5.0

<
Starch g
Vitamine mixture' § 9.3
Mineral mixture’ Fo'é
Fish oil & 8.0
Palm oil g 4.0
Calcium phosphate g 1.5
Amino acid mixture’ g 1.0
Taurine S 0.5
Skipjack peptide 0.5
Enzyme complex4 0.2
Astaxanthin 40 ppm

Proximate composition

Protein (% Dry matter) 419 46.2
Lipid (% Dry matter) 16.5 16.1
Moisture (%) 7.6 7.6
Ash (% / g Dry matter) 10.8 8.1

1 Marubeni Nisshin Feed Co., Ltd.

2 Marubeni Nisshin Feed Co., Ltd.

3 Lys 1.0%, Met 0.5%, Thr 0.5%, Trp 0.2%.
4 Allitech (SSF)
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Table 2. Daily feed intake and growth performance ofred sea bream in the experiment

Commercial diet Low fish meal diet
Initial weight ()* 567 * 519 °
Final weight (g)* 1251 ° 1326 *
Feed conversion ratio' 2.38 2.02
Growth rate (%/day)2 120.1 155.1
Daily feed intake (%/day)’ 0.87 0.85
Protein efficiency ratio® 1.00 1.18
Mortality (%)’ 0.3 0.2

*Values (means of 50 fish) in a column not sharing the same superscript letters are
significantly different (P < 0.05).

' Feed intake (dry matter)/weight gain.

% 100 X (weight gain/initial body weight).

> Feed intake (dry matter) X 100/[(initial fish weight+ final fish weight+dead fish weight) X
feeding days X 2].

N Weight gain/protein intake (dry matter).

> 100 X dead fish number/initial fish number

Table 3. Condition factor and relative weights of nternal organs to body weights (%) in red sea bream
fed the commercial and low fish meal diets in the experiment.

Commercial diet Low fish meal diet
Condition factor 245 + 15 ° 244 + 16 ?
Viscerosomatic index* 106 + 1.6 ? 93 + 08 °
Hepatosomatic index 1.08 + 028 *° 1.12 + 0.19 *

*Values (means=S.D. of 10 fish) in a column not sharing the same superscript letters are significantly
different (P < 0.05).
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Table 4. Hematocrit value and content of plasma components of red sea bream in the experiment

Commercial diet Low fish meal diet
Hematocrit value (%) 395 + 47 @ 372 +£ 45 ?
Plasma components
Total cholesterol (mg/dl ) 157 + 29 @ 128 + 23 °
Total protein (g/d! ) 37 £ 04 ° 37 = 04 °
Triglyceride (mg/d!) 116 + 28 a 131 + 40 °
Glucose (mg/d!) 47 + 87 * 47 + 72 ¢
GOT (AST) (U/l) 32 £ 26 a 32 =17 ¢
GPT (ALT) (U/l) 1 £0 a 1 =0 a
Total bilirubin (mg/d! ) 0.1 £ 00 2 0.1 £ 01 2
Urea nitrogen (mg/dl ) 35 £ 05 ° 31 =04 °

*Values (means=S.D. of 10 fish) in a column not sharing the same superscript letters are significantly
different (P < 0.05).

Table 5. Results of proximate composition analysis of dorsal muscle (%) from red sea bream fed the
control and low-fish meal diets in the experiment.

Diet Commercial diet Low fish meal diet

Moisture 73.0 += 02 ? 726 + 0.8 ?
Crude protein 219 += 02 * 220 += 04 °
Crude lipid 46 + 02 °? 49 += 1.1 *

*Values (means=S.D. of 5 fish) in a column not sharing the same superscript letters are significantly
different (P < 0.05).

111



(g)
1400 -
1300 A
1200 -
1100 A
1000 -
900 A
800 -
700 -
600 -

500 42 :

JulL Aug Sep Oct Nov Dec Jan

—@— Commercial
diet

=@ =].ow fish meal
diet

Fig. 1 Growth curves of red sea bream fed the control and low fish meal diets in the experiment.
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