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Growth performance of adult red sea bream Pagrus major
fed low-fish meal diet in commercial aquaculture
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Sahoko Suimizu"?, Hisanori Kinna®, Tomohiko KosHusHr',
Shuichi Saton’ and Noriko IsHipA®

Abstract: Red sea bream culture generates a revenue of around 50 billion yen each year, and has
been an important aquaculture business in Japan. This study evaluated the performance of adult
red sea bream Pagrus major fed the combination of soybean meal (SBM) and corn gluten meal
(CGM) as replacement protein sources for fish meal. Control diet containing 40% fish meal and
the combination of SBM and CGM at 45% replacements, were used as treatments and those treat-
ments were replicated thrice. Feeding experiments were conducted using practical large-scale net
cages at the farming site in Mie, Ehime, and Nagasaki prefectures. Fish with weight ranging from
500-1,000 grams were fed the experimental diets for 4-6 months. There was no significant differ-
ence in terms of growth performance and feed performance among the treatments. The result of
condition factor, hepatosomatic index, and hemochemical assessment indicated that the fish were
in good physical condition for both treatments. Moreover, there were no significant differences
in rheologic and freshness parameters of flesh between the control and test diet group. Thus, the
combination of SBM and CGM at 45% replacement is thereby recommended to be used as an
effective alternative protein source for adult red seabream commercial aquaculture.
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Table 1. Feed ingredient and nutrient compositions (%)
of the control and low-fish meal diets for red sea bream

s Test Control
Diet
Expts.1-3 Expt.l Expt.2 Expt.3

Diet type ™ EP DP EP EP

—
Anchovy fish meal 25.0
Defatted soy bean meal ~ 20.0
Corn gluten meal 25.0
Wheat flour 5.0

Starch
Vitamin mixture 9.3
Mineral mixture

Commercial diet for red sea bream
(40% fish meal)

Fish oil 8.0

Palm oil 4.0

Calcium phosphate 1.5

Amino acid mixture*? 1.0

Taurine 0.5

Skipjack peptide ™’ 0.5

Enzyme mixture™* 0.2

Astaxanthin 40 ppm

Analytical results

Crude protein 46.3 433 422 419
Crude lipid 14.6 151 139 165
Crude ash 7.9 105 115 10.8
Moisture 7.6 7.4 9.1 7.6

*! Marubeni Nissin Feed Co.

*2 EPsextrudedpellet, DP; steam dry pellet.
**Lys 1.0, Met 0.5, Thr 0.5, Trp 0.2.

** Alltech Co.
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Table 2. Labeling data values on the feed ingredient
compositions (%) of the commercial diets for red sea
bream in expts.1-3

Commercial diet*

Ingredient
Expt.l Expt2 Expt.3
Animal origin feeds 40 40 40
Oil seed meal 31 33 32
Grains 17 16 13
Brans and food processing by-products 1 1 4
Others 11 10 11

*Marubeni Nissin Feed Co.
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Table 3. Growth and feed performances of the red sea bream fed the control and low-fish meal diets in expts.1-3

Av. body weight (g)

Growth

Feed Daily feed

Diet rate gain intake PER Mortality
Initial Final %) ratio %) (%)
Expt. 1
Commercial diet 1,046 1,693 61.9 2.29 0.75 1.02 0.1
Low-fish meal diet 1,046 1,625 55.4 1.82 0.55 1.18 0.2
Expt. 2
Commercial diet 483 983 103.5 2.42 2.35 0.99 0.0
Low-fish meal diet 473 1,060 124.1 1.93 2.11 1.12 0.0
Expt. 3
Commercial diet 567 1,251 120.1 2.38 0.87 1.00 0.3
Low-fish meal diet 519 1,326 155.1 2.02 0.85 1.18 0.2
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Fig. 1. Growth curves of red sea bream fed the control and low-fish meal diets in Mie, Ehime and Nagasaki prefectures.

@: Control commercial diet; O: Low-fish meal diet.
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Table 4. Condition factor and relative weights of internal
organs to body weights (%) in red sea bream fed the
control and low-fish meal diets in expts.1-3. Data are
shown as mean + SD

Condition Viscerosomatic Hepatosomatic

Diet factor index* index

Expt. 1 (n=6)
Commercial diet  23.7+1.6 127+32 141%0.12
Low-fish meal diet 23.8+1.8 11.8+15 1.43+0.13

Expt. 2 (n=5)

Commercial diet  24.9+1.2
Low-fish meal diet 24.0 1.3

Expt. 3 (n=10)

Commercial diet  24.5+1.5
Low-fish meal diet 24.4 1.6

127+13 1.78+0.46
122+14 1.65%0.33

10.6=1.6° 1.08=0.28
9.3+0.8" 1.12+0.19

*Superscript a & b indicate significant difference between
contorol and test groups. (#-test, P < 0.05)
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Table 5. Results of hemochemical examination in red sea bream fed the control and low-fish meal diets in expts.1 and 3.
Data are shown as mean * SD

Expt. 1*! Expt. 3**

Commercial diet ~ Low-fish meal diet Commercial diet ~ Low-fish meal diet
ALP (U/L) 199 +59.2 177 =136 -
AST (GOT) (U/D) 52+ 78 39+34 32+26 32+17
ALT (GPT) (U/D) 5+4 6+2 10 1£0
Total protein (g/dL) 43+0.3 4.2+0.2 3704 3704
Blood urea nitrogen (mg/dL) 34+1.0 29+0.8 3.5+0.5 3104
Total cholesterol (mg/dL)** 199.3 =10.7° 145.8 £17.3° 156.9 = 29.3* 127.9£23.4°
Triglyceride (mg/dL) 273 102 186 = 61 116 =28 131+ 40
Glucose (mg/dL) 6124 44 + 4 47+9 427
Total bilirubin  (mg/dL) - 0.1+0.0 0.1+0.1

*! Rearing experiment in Mie prefecture. Sampling date: 26 Nov. 2015. n=6.
*2 Rearing experiment in Nagasaki prefecture. Sampling date: 29 Jan. 2016. n=10.
*3Superscript a & b indicate significant difference between contorol and test groups. (¢-test, P < 0.01)
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Fig. 2. Evaluation of flesh quality in red sea bream fed the control and low-fish meal diets. Values were expressed as mean +
SD (n = 6). No significant differences were observed between control and test diet groups in each examination.
@: Control commercial diet; O: Low-fish meal diet.



~ 5 A RS fE 0 2RI 227

T 2 & 9 il BRA OB IR EE RBEROFEITRRD
BN o 7 KB EENI R 5~ 57 OB,
TIEE L RIFEORBTRBHTHo72b 00, =&
WO TR FRA~OY) 1) B 2 205 3 EHFEEE
ERRATER RIREPBIZR SN, TORIEEITFE -
720 BEEMEOK T I E R O WL L0 7 TS
MR s EE2ONL), ZEHEORBO A TRAY
FRHIT S 2~ 7 A OB R R L 72 2RI
STV, RAMKIZBIU B TEOF S MHEAE
RWERE, FRE L RIFECIETIREIRX & b 2%
T, ZEETIZIZIZFASOREI SO, F 720
WARELZ DWW TIE, 3IEOREE LKA KD LA E
n, EAHXTIE1.82 ~ 2.02, THBEIRIX TI32.29 ~
242TH o720 TR OWRIZARDY v EERR
HALEIC D e SN 575, RIFFE TR L 7oA
B EHBRERHCEE SN ABOMEICKELN v E
RET 5 L, REERE» SRMBBEFEEI~ 7 A1 LT
TR & FSErZ N EosEME AT 5 2 LR
WBaisz, 72720, hikL7-&BY =ZFEEOHERD A
Tldd 278, BREAWEEN T 5~ 5 1 OREFEDE
FERAMGD S 3 EMBEE N - 20T, ZOWHIZON
TEBRDOMHDPLETH D, T IARABEEO I Z b
IZDWTIE, BEROMMifg R 8 - Rl s LB %
7eD—BRIRT 2 L X T E s, AR AR & T
R OMAEDEE L VW EMRGET 5 &, BRAHOERW K
X OTHBEAROWEICET L6 2 A b A
A M) &L A REEDD B

<54 TIE, Y 7 B X LR oM
XY A BERENEL R HITE, HERLHARHIIE
TREERH S ZOERE LTI, Y 7 E
DEEDVERELDLIEIZEY, DY 3y Be
BELPIANVF—RPRTTHI L, 73/ BAKD
AL, ATHALB D RFRAE T S VU R T OB INEE 252
Fonsd (FA 2009) . ARBFZECHEH L 7w FE
X, EEEE2%E THREML, By s BHE L
T SBM, CGM #% 5145%4 L7z SBM & CGM @
My o3 EEsEld, TNEN45%E L U65%FE &
fi PR & T < (FKIT 2009), (KA A
KoMy v BERm%mO DI BERTH
bo —J, XFAIZBITSH SBM & CGM D% >3
BRI OWALRIZAN & TR & 253
XN T w5 (Watanabe 2002) ., AHfg2 Tld, SBM
& CGM # w7 Kfn st o & > 37 B & mhTih
WfROFN L W EL b X ERERETL, KW
oty v BRI EE Ko 72, 72 SBM
& CGM # BT A2 LT, ZNFROE—HIRT 3
JBETHDH) YV EAFF = (1N 2009) % AHH
WD L& b, 7TIVBRREWERMT A2 L TH

Bo7 IV BHEATUE SN LRI NG, IhE
TOMRIZBWTYH, KAMERTILF Cakha=7T
SRS X AR HMTHHT 256 L RT,
MO ZHHT2ZEICXVEROY v 3 EaE
RT IR ERGETE, WERESN LTSI
D SN TWw A (Viyakarn et al. 1992; 7K 5 2000b,
2000c) s TNHD T &M, KREFFE DA Rl Al
HL7RES oo BofEfE L iaE a1, o
Al & AR & RIS LL EICE O 5 D@ L Twiz e
SR S L7

< F AR LT SBM % EEEE L ARG R A
RUIMAE T2 &, HEOHERITE S M 2T
DARITHEZ 38ET A Z & (Takagi et al. 2006), 72T
IR ORI ED A U A 2 & (KBS 2012) 238
ENTWDE, Y5 A ORMENFEIET AL LT,
Takagi et al. (2011) £% 7 ) ¥/ RZIZHEWIRIMERZ
EEMEAMET LTH 725 SN LEMBEIMC & 0 %EE
ThHEL, INOLOEBMWGEFEIZS V) ¥ ORER
IMTESNLZEEHE L TWD, RIFFETIE, ~
FAREROY ) VEREEREEE 2T, FEH20.5%
DF ) Y EIRIML7 (Matsunari et al. 2008) o Z ®
M, SEORERE b~ 5 A ITRITHE XA SN R 2o
7oo TEHRORETIE, BIFEDORE L BRT S
A EFEO ) NV Y v ORICERY THLHE ) LV E
vEmAELEZ S, KRAKBKX TREIIALNE
Molze TNHEDI LML, ¥ AIIBWTHANLER
25% DIEA BRI OETILIZH 72> TIE, 0.5%FEED
Fo) U RIRINTAZ ETEORRIZE AEZE )
ETc&pEEZLNT,

KifzeCld, ZHE L EIFERORBRICBWTY A
O A BLUIREE % FRAM§ 5 720 |2 AL 55 O 04T %
To7z0 ZTORESE, WIE & OBERENE, &AMRE, b
RO BN LTI EHX S ARA X OB A B 72
Earo7boo, REMNH#SREZRT TCHO & Hk
BERE OB IR AHT X O F AR AME 25 A H L7z, I
@ TCHO =&, EHCL 7-fIR R T 72 1 3P CEA
B S LA REIER & AR AT L CHElE S 21210
EPOWNENLARAET LV ATa— e, FIHFR
IZBWTT TV CoA ZMEHIEEGRH S L5 K
DL AFO— VKB ENS, NRE2 L A5 — )b
OERRIIIEET L 270 — ) VEDZEEHZ X ) R
SnTBY, M TosNEE WEREEZGbEZa L
AT H—)VEldBE —EmIlMFEshLZ ers, £
O EBIIIFFEREDTRIZIC R Y 25, SNFTEHD

< ¥ A Ol TCHO &%, AWFge & mREIC fkr T4
DERX & LT AL B A EIMICH o 72 (Aoki et al.
1997, 2000), FEREDMEEIZ 7)) THLRER SN THB D,



228 AR ARE T - EA K SH - B R - A H

i TCHO IMfEAHEZ 2 & & b1, v P ARREIZ X
LEMDFFER & 2 D PURENMET T 52 L 25 LT
Woo BIfED L Z AR FA12BIT S TCHO &ttt
EOBBRERTIHELRMRIZ RV LELEDS, 7

FHEZ ZHET 5 & & b 1214 TCHO &M T35 &
Vo ML AR RISE R L TWh, WA -
FHE (2005 I2LBE, BEETCYIAZHAET S
& EE TCHO & &9tttz & IR T T 562 &0 0,
TCHO & PrmtEICIZBRESRED b b, S5O
ZEH5, TCHO (27 L FBRIZ~ ¥ 1 Tt
WCBRLTWwB EEZ 5 b, RifseTld, KEHKX
DT AIZB VTS TCHO 20K T80 57z
bOD, FBEFRIIMKL, THRERX L OMICHEET
otz L7zio T, KENKO~ F A T
TR ERLX & TR RE DK T O W REMEA ) A28
bbb OO, EEEREBICKELY X721, PRk
TLAz&) R RERIRETIEZ W EFHE Sz 1l
T (2013) &, ¥ & A VB OEENZ BT S EAHTK
DB AP L7AER, A em T It
MWEFAT L & & D IERBERFEDMET L72As, filk
BB LRE DB W T Ay X v F U 2 RET AL
THEHENPUE L 722 L 2HE L TWvWb, RIFZE Tl
L 7ARE F R Cldd0ppm DT A Y 0 F U %
WIMLTHEY, TNICE > T YA OEFIRRED BT
WCHERR S I, PUWTE D BIFICHER L2 WREED £ 2 5
Nho LEDZ 25, KRIFFED SN CLHRARFE
DI X B~ 5 A OEIRENOEZE IR 51
¥, EHHLRMER R WEE R SN, & BRANE
BCTHETLIEICL->THIERIENLE YT A DI
# TCHO & DMK T OBEIC O W TIZSHOMETHE
E L7z,

KN AEBER XD~ F A4 OREIZOWTHHET 5 &,
=HIR OB CHEN L 72 W OB, ko K
i, MARHOBWEEIL, I d HIEEX & Ral
X & bR IO CHER L, mMXOMICHEE
I oTze LA T, ARBFECHEM L 72 KAaHN
fiRHE, ~F A OREIERZELY KIZTHOTIE LW
& FFAN S 72 B A ORISR, DT 7 AF ¥ —
DEFRE G DLIIFFEED D B TR S | IZBERL, [
TZNebH] Lo EENRFHME 0L, &
MOBWL SITHEET L, AROT 7 AT v — RS
BRI &8 I X - THE SIS Z L2
SNTHBY (IS 1986; 38 1990), ~ % 1 Tidfg
JhE D% G O T H R & TR O R
MMETTAZEPHEESN TS (FHAS 1991), &
WFZETId, TTHRETRHX & ARER X O fh W O ARG & &

BRI CTH o722 05, T ERHROBERT
BEICEWA R o ERBERTIE RV L fEEE
Nz —hHT, REFEEORAIC L2 EHEADOH A
DO S LR M EE DB T 5078122 Tid
Viyakarn et al. (1992) R HF AR L (1996) O#HlILH %
Lo, TaRAAIESLNTYS LIEEVE, K
IR OFERLZ #D D ) 2T, NRET LA
OWEIZEELRFMIER & b2 b, 5B I5%
LHMAOERIEEND,

i@ o KEB X OCMEHOBEER, ZEHo
fEE A FHIT 2 1RIECh 5, HEIFANMHOBWL &
EMMfE AR RED T AEELERE D, RIFFETIL,
MIFREE & D ARAKY X & B RHX 2 BV CTOR &R L X
VTHRIEZALL TEB Y, BEERFORTIEI R WE
FEAM S 72 S DEERE 12 DD D IEHREALIZ DV TS,
fufl, RAFIEE, BIEHEE TR LR LWL R
s TBY (b 2002), <& A TIERRMIZHEN
TERMLDOH VB KMED LANFR N LS T

KAEDZALIZ 05 7 2787 B OME ORI I T
X720, RIFFEOEED S OAREREZ KT S
T T A HROEBERIFOR IR E L2
FWZ LIRS Nz, —HT, 7)) TIEEERF O
SBM HC &2 5340% L E oY, 30%LL T DX &
T KEAEW E W) i (Viyakarn et al. 1992) & &
B Z L, AREREE A R AT L 72 25 A O S LR
IZDOWTIE, B EOICHRFT2LENHD D, KIZ,
MEFH DD, MEHIZBITLMES V3
JETHDLIF U UHRLOMETICL Y B r 2
THAMIATOE LT A ETHIERI SN
LR THD, WEENEATLLIEA NI A7 OE
VRN LA T A E AR, BEOKTIZERT 5.
ARWFZE T IRERHX & RBB X D~ 5 A DILE RO
BEEIZFR L XV THERB L TB Y, WX ORERE Ok
FERFRICIIE v E R SN,
Drhoztzzlosrs, MAHROY YA OHE
B L ORGSR ERX & FRRE T, AR
AMXOBRRREN Tz, 7)) v 7 L3R
ORI, WRERL, M LFRs 5 5 A7k
KL, WTNOXDRIFTHD LIS NIz, 72
W X D A OREWrsREE, EEm o K H, MarRoH
BREOEAIIZER D o722 £, KK~
FTAHRIIREZFHIT A2 DICERERT 7 AT v —%
SEEERFFO T O HIERIX L FRETH L EEZ D
Nizo —HT, BRAEBERHIST 5~ 5 1 OIS
DN, ZEEOHEBTA SN X ) ICEEIY; T
A EE D HARAEG EENCE) D B 2 ZoE R0, B
PEDS— R IAR T § 2 W REME A S 5 O T, AR



~ 5 A RS fE 0 2RI 229

(Y0 B R HBEOBNSEORSER, A EF OIEL
MEDOUEFE LT 2 LEDRDH L. ZNEDOUHED %
SHAUL, AR TR L 7280 RN i R &
%= A BRI B8R E LT, B THEMET
&5 LRl ENTze T72, ABIZETIE~ A Bt 2 kS
& LB RBREAT o 7205, IREMEE O MRE % 5T
filis %121, MEfAD ST TRUIMGE L owE
PRI L2 ENVEHETHL EEZ LN, SHROFRD
R EEIN D,

C I )

RO~ & A B L, KEfea—r 7
VT vy I—=VEHHBRE L TANEREZ25%L L 72K
B FELOMERE % FFM L 720 AR & EAM0%D T
~ 7 A R IR R S L7, fE R ZEIE,
FIRE, RIFEO 3EIIBWTEREEEOTET 5
KIS F\CHER L 72 FIEERERS00 ~ 1,000 g
DO A wllfm e L, WIRERHX & AR X % jiE
LCT4~67HHET L7zo ZTOME, KAKXOF
WaKE, WMERB O CRISHREFR X & FERE
T, WARKIIMEAR X O HTRRRE LTV, 72
AEEA O, REELL, MR 25 &7z
TEREIRBEIIMIX & b BIFCH D, HROBBIERE, &
ERFFOREHIC L EE ol TNHDI 0D,
ARWFFE TR L 72K AA RN~ & 4 BBk LTl
R R E S OMREER BT 5 LFHl S L7ze — /T,
= H IR OB TR VR O AR 8 BAAIE |2 FRER L
A —RYICRRE T L2 &2 5, fRORELT
DL EIZOWTIRET L UEDNH L EEZ LNz,

B om

AFZEIZ BV CEMEBIG T~ 5 A OfFEH LT -
TWiciw/-=ER FRR RIFROZEIEESR O
FHAEHEILE L %, FAmLET LD
B2 ) B ZHE R o RGO 5
HHIE Bz IR EHH L B 5. RFgRIE, Bk
B D [ RMKEEOEFNFEMBFERMEZE] (O
LEF QY % K54 L7230 2 Bl R R OfET) 12
L BWMREEDOIIE 2T TEML 72

X ®m

BARFG R - EWEC T - WENE - REHRSC - WER— -
R I (1996) EAKFECHE Lz~ 1 OREK
22w T = E K HE N, 6, 47-54. [Aoki, H., H.
Shimazu, T. Fukushige, H. Akano, Y. Yamagata and T.

Watanabe (1996) Flesh quality in red sea bream fed with
diet containing a combination of different protein sources
as total substitution for fish meal. Bull. Fish. Res. Inst.
Mie, 6, 47-54 (in Japanese with English abstract).]

Aoki, H., T. Watanabe, M. Furuichi and H. Tsuda (1997) Use
of alternative protein sources as substitutes for fish meal
in red sea bream diets. Suisanzoshoku, 45, 131-139.

Aoki, H., M. Furuichi, V. Viyakarn, Y. Yamagata and T.
Watanabe (1998) Feed protein ingredients for red sea
bream. Suisanzoshoku, 46, 121-127.

Aoki, H., M. Furuichi, K. Watanabe, S. Satoh, Y. Yamagata and
T. Watanabe (2000) Use of low or non-fish meal diets for
red sea bream. Suisanzoshoku, 48, 65-72.

HARTEI (2009) # L\ 22k, AUEHO AR L R (0F
B W), EEMIEAR, BT pp. 358-389.

HARKET - BH & BEREE (1991) KARB X 046
TEO—Meni sy, MARE, NRIGER, #EEET X M, mA
B L O oW T, HKEE, 57, 1927-1934. [Aoki,
T, K. Takada and N. Kunisaki (1991) On the study of
proximate composition, mineral, fatty acid, free amino
acid, muscle hardness, and color difference of six species
of wild and cultured fishes. Nippon Suisan Gakkaishi, 57,
1927-1934 (in Japanese with English abstract). ]

FRITEE (2009) SUEHEURL, MAHO S LR (8 1),
EEAFEAR, B, pp. 284-326

KEPPE - S ARMEE - X722 - 5 TR - IR (2012)

IR R O ML RARES. JKE I GE, 60, 459-467
[Amano, S., N. Suzuki, H. Matsunari, Y. Iwashita and T.
Yamamoto (2012) Histological observation on the
hepatopancreas of fingerling red sea bream Pagrus major
fed defatted soybean meal based non-fish meal diet
supplemented with taurine. Suisanzoshoku, 60, 459-467
(in Japanese with English abstract).]

Hanini, I., M. S. A. Sarker, S. Satoh, Y. Haga, S. Corneillie, T.
Ohkuma and H. Nakayama (2013) Effects of taurine,
phytase and enzyme complex supplementation to low fish
meal diets on growth of juvenile red sea bream Pagrus
major. Aquaculture Sci., 61, 367-375.

ARG - I IEE (1986) KRR O NIEH~ ¥ A 128
VT BRI OB O R HKEE, 52, 275279
[Iwamoto, M. and H. Yamanaka (1986) Remarkable
differences in rigor mortis between wild and cultured
specimens of the red sea bream Pagrus major. Nippon
Suisan Gakkaishi, 52, 275-279 (in Japanese with English
abstract).]

B EE - EH R R (1986) KRB L U#E 7
CORRME AR, HATE S L ORI O W T,
H 7k 3k, 52, 333-336. [Kunisaki, N., K. Takada and H.
Matsuura (1986) On the study of lipid contents, muscle
hardness and fatty acid compositions of wild and cultured
horse mackerel. Bull. Japan. Soc. Sci. Fish., 52, 333-336
(in Japanese with English abstract).]

Maita, M., J. Maekawa, K. Satoh, K. Futami and S. Satoh
(2006) Disease resistance and hypocholesterolemia in



230 AR ARE T - EA K SH - B R - A H

yellowtail Seriola quinqueradiata fed a non-fishmeal diet.
Fish Sci., 72, 513-519.

Matsunari, H., T. Yamamoto, S. Kim, T. Goto and T. Takeuchi
(2008) Optimum dietary taurine level in casein-based diet
for juvenile red sea bream Pagrus major. Fish Sci., 74,
347-353.

BARIKIEA (2014) 1 RL264F ¥ 3 - #2053 2R E i RT
http://www.maff.go.jp/j/tokei/kouhyou/kaimen_gyosei/
index.html, 20164-10H 8 H.

Ochiai, Y., CJ. Chow, S. Watabe and K. Hashimoto (1988)
Evaluation of tuna meat discoloration by Hunter color
difference scale. Nippon Suisan Gakkaishi, 54, 649-653.

RFETT (2013) “FH254F FE 7K FE . http://www.jfa.maff.
go.jp/e/annual_report/2013/pdf/25suisan1-1-2.pdf,
20164104 8 H.

EAMBIE - TR - REHK - TR (20002) ~ 8 A
BRI BT FF I — VORI, HKEE 66, 428-
438. [Takagi, S., H. Hosokawa, S. Shimeno and M. Ukawa
(2000) Utilization of poultry by-product meal in a diet for
red sea bream Pagrus major. Nippon Suisan Gakkaishi,
66, 428-438 (in Japanese with English abstract).]

EAIBE - REER - MFER - FIIERE (2000b) ~ 874
Mefa GRS BT 2R oy FBEBEHIC & A0
k. 7K EEREGE, 48, 523-530. [Takagi, S., S. Shimeno, H.
Hosokawa and M. Ukawa (2000) Replacement of fish
meal by inclusion of alternative protein sources in a diet
for juvenile red sea bream, Pagrus major. Suisanzoshoku,
48, 523-530 (in Japanese with English abstract).]

AR - R E - AIFER - FINIESG (20000) < 5 A
1 AERNC BT ARy 7 BRI X A 850
W, JKEERSSE, 48, 545-552. [Takagi, S., S. Shimeno,
H. Hosokawa and M. Ukawa (2000) Replacement of fish
meal by combined inclusion of alternative protein
sources in a diet for yearling red sea bream, Pagrus
major. Suisanzoshoku, 48, 545-552 (in Japanese with
English abstract).]

Takagi, S., H. Murata, T. Goto, T. Ichiki, M. Endo, H. Hatate,
T. Yoshida, T. Sasaki, H. Yamashita and M. Ukawa (2006)
Efficacy of taurine supplementation for preventing green

liver syndrome and improving growth performance in
yearling red sea bream Pagrus major fed low-fishmeal
diet. Fish. Sci., 72, 1191-1199.

Takagi, S., H. Murata, T. Goto, H. Hatate, M. Endo, H.
Yamashita, H. Miyatake and M. Ukawa (2011) Role of
taurine deficiency in inducing green liver symptom and
effect of dietary taurine supplementation in improving
growth in juvenile red sea bream Pagrus major fed non-
fishmeal diets based on soy protein concentrate. Fish.
Sci., 77, 235-244.

M= - I Rk (2005) ¥~ A DO~F A 41) KA
AFFNIxT T AR S E O F 1% MR Ege, 40,
181-186. [Tanaka, S. and M. Inoue (2005) Effectiveness
of low rearing density against red sea bream iridoviral
disease in red sea bream Pagrus major. Fish path., 40,
181-186 (in Japanese with English abstract).]

Viyakarn, V., T. Watanabe, H. Aoki, H. Tsuda, H. Sakamoto, N.
Okamoto, N. Iso, S. Satoh and T. Takeuchi (1992) Use of
soybean meal as a substitute for fish meal in a newly
developed soft-dry pellet for yellowtail. Nippon Suisan
Gakkaishi, 58, 1991-2000.

R R (1990) BLAK & E . FEHA O & NE CF
IR ), EAAEIE AR, BT, pp. 9-13.

Watanabe, T. (2002) Strategies for further development of
aquatic feeds. Fish. Sci., 68, 242-252.

HEdE E (2009) & 8. RO LR ()R
W), EEALFEAEM, %5, pp. 60-106.

A3 (2002) MAEOEHRZEILE BB, HKEE 68,
5-14. [Yamanaka, H. (2002) Relation between post
mortem biochemical changes and quality in the muscle
of fish and shellfish. Nippon Suisan Gakkaishi, 68, 5-14
(in Japanese with English abstract).]

I 5 (2013) < & 1 OFUR M. HKEE, 79, 456.[ Yamashita,
H. (2013) Disease resistance of the low fish meal diet
breeding red sea bream. Nippon Suisan Gakkaishi, 79,
456.]

IARREIEL (2009) BEOEFOF . MAHOSAE L R (9
B, HEEAEAEM, HOT pp. 326-343.



