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Table 2-1 Composition of the experimental diets for red sea bream

FM NFM
Igredient (% wet weight basis)
White fish meal 45.50
Defatted soybean meal 8.00 71.50
Wheat flour 15.00 5.00
a-Starch 9.55 6.25
Ca(H2P04)2-H20 2.00 2.00
Pollock visceral oil 10.00 10.00
Vitamin mix! 1.00 1.00
Mineral mix?2 1.25 1.25
Choline chloride 0.90 0.90
Vitamin E (purity: 50%) 0.10 0.10
Ascorbic acid calcium 0.20 0.20
Cellulose 6.00 0.30
Feeding stimulant3 0.50 0.50
EAA mix* - 1.00

'Vitamin mixture ingredient (mg/100g): Vitamin B1 1.8 g, Vitamin B2 3.0 g,
Vitamin B6 1.2¢g, Vitamin B12 3.0 mg, Niacin 12.0g, Ca-pantotenate 3.0 mg, Inositol
60.0g, Biotine 180.0mg, Folic acid 450 mg, p-Aminobenzoic acid 1.5g, Vitamin K3
1.5g, Vitamin A 1200,000 IU, Vitamin D3 1200,000 IU.

’Mineral mixture ingredients (g/100g): NaCl 4.0 g, MgS04+7H20 60.0 g,
Fe-citrate 10.0 g, Ca-lactate 14.0 g, Trace element mixture 4.0 g, Cellulose 8.0 g.
Trace element mixture ingredients (mg/100mg): ZnSO4+7H20 35.3mg, MnSO4-
4H20 16.2mg, CuS04-5H20 3.1mg, KIO3 0.3mg, CoCl2-6H20 0.1mg, Cellulose
45.0 mg.

*Proline, 354; Alanine, 232; Inosine 5'-monophosphate, 414 (mg/g).

‘EAA mixture ingredients (g/100g): Lysine HCL 31.5g, Methionine 42g,
Phenylalanine 6.5 g, Valine 5.8g, Cellulose 14.2g.



Table 2-2 Nuclear and cytoplasmic size of hepatocytes of red sea bream fed the

experimental diets

FM NFM P
Nucleus (um)®? 4.67+0.2 3.82+0.123 <0.001
Cytoplasm (um)25 15.53+0.8 12.43+0.624 <0.001

+

Values are mean + SD (n=6, mean of 150 cells).
2Values are mean SD (n=6, mean of 100 cells).

3 Values are mean = SD (n=3, mean of 300 cells).

-+

*Values are mean = SD (n=3, mean of 200 cells).

*Values with the same superscript within the same row are not significantly

different (P>0.05)



Fig.2-1 Histological sections of mucosal folds and the lamina propria of submucosa in

the distal intestine in red sea bream fed the experimental diets (HE-stained). a,c: fish
fed diet FM. b,d: fish fed diet NFM.



Fig.2-2 Histological sections of hepatocytes of the liver of red sea bream fed the
experimental diets (HE-stained). a: fish fed diet FM, and magnified figure of

nucleus (a’). b: fish fed diet NFM, and magnified figure of nucleus (b’). Bars of
magnified figure =5 u m.
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Fig.2-3 Histological sections of exocrine portion of the pancreas of red sea bream
fed the experimental diets (HE-stained). a: fish fed diet FM. b,c: fish fed diet
NFM.
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Fig.2-4 Histological sections of adenocyte of exocrine portion of the pancreas of red
sea bream fed the experimental diets (HE-stained). a‘ fish fed diet FM, and
magnified figure of nucleus (). b: fish fed diet NFM, and magnified figure of
nucleus (b). Bars of magnified figure =5 m.
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B3E REMMEREFENIRT 2RO AHEEFICE ST 5 HFORE

3-1 #

il

H2EE Y, EBAKHNFEMEE Z/EE Lz~ 2 A Tix, MFliEk X OBEEI 5wt T
BILOPEEROEMRAENAEL, TNORHE COREBEMWEDHEARRZLIEEZ LT
LHENHELE ST, REMMSBMICIE, WIS X CRBEOERNORERBN L EL
H25% K=, £V T7TKR, L7 FUrirloiiER-ANDRAEEhTEY, &
JHTIL SBM % 7 /L 32— Lo TR L, ANF 058 &% 1K< Lz b 005
STV 5 (Francis et al. 2002, &K 2002), FEEE, =~ ATk SBM EAKAEHG 5
RFIZ I3TEES KL OB E RIS T DA A ER & LIABREENE L LD, 7=
— VP L ORI S N D IRMERE X 7 E(SPO) & IR & Lkl 2585 LT-BRIC
XN DOEBEENECRNZ ERREINTNDHEET 2010, %4 5 2010), £72,
SBM % Al L TR SN 245 BER G 2 )7 B (SPD % 14k & L 7=k ¢l SBM
TREEF L RO AT 24 U5, SPI 2 7 /b 2 — Ll L 727k (ASPI) & ik
ELTEFBEICIIIN O OABRENEL RN EbHE LTS, —J, mARS(1999)
TIE, A RERE 50% 0 SPC EKfE 2~ 4 A 12465 LT SBM E{RAEHAG 5-RF D
KO REBEMAEDIR TITAEC RN E2WE L TRV, FUMESRMADT Y Tl
SBM EAREAEHG G- B A B SO T, SBM thod 7 /L o — L A R E A3 e
WSS 53 WA D VA b S8 RONBT 1 0D 3 Wih 2 B 9~ 2 72 DIZ A U 5 TR S S ST
% (Nguyen et al.2011), L7273 -> T, SBM E{Afidktz#a5 Uiz~ %A THE U 5 TN
MR DB IZ1E, SBM WNIZAFTET D ANF BB H- L TWA A[EMENRE 2 5 b, L
L7203 D, MEPEZIHAIZI O TIX SBM B3RO FEN A FIR & LfRHZRBI A AITZ
U<, PRI LI E A LR EN TV RVORIEIRTH 5,

Z ZCARFETIE, SBM LAREIEZ#RE Lz~ & A (24 U D FREIROMRREED 2 7 =
ALERATHZEZHE L, SBMICEEND T /L a— LRI 08~ & A DA
Bk L OB 0 s o M T 9 B & BRET L 72,

3-2 MEEFE

HEREFE

AR 3-2-1 KEMHICEENI5URER FREIC L HSHERFPHIRET  SBRIX OfE
*HAk A Tabled-2-1 1R L7z, HRRIX & LTl EARETEIHEM [X) & sk NI 7 7
REMHAEARLATEHER) 2 L, 2 2o L AR ETEIINFM X) %,
RBRX & L CRHSRD # X7 8 50% % KRG, IEMERKE 4 > 737 E(Danpro A,
Aarhus Olie Co. Denmark), 43K T # > 237 ' (Fuji Pro F, Fuji Olie Co Japan), %y
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BER T X R0 G % T v — Vs LT R T2V L2 BEHSBM X, SPC
X, SPI X, ASPI X) #{EflL7-, 723, ASPI !X Yamamoto et al. (2008){Z 55T
EfL LU 7=, SBM, SPC, SPI B XWWASPI XX FM KIZHARXTARETHTI /- ©
B U R LT, FEIO AR L OMRIFIXE 2 3 & RO HFIETITo 7,

RBR 322 THAI—NAFBEEOREGRER TS EERREEICRIETHEMRPRE
K BRX OB 2 Tabled-2-2 (2R Lz, XFHAEIEHI FM X &, ffyEko # o)
28 55% % SBM T L7z SBM X & HE L7o, sBRX & LT SBM ZJFEO 5 {5 &
D 70% 7 /Va—/LC 2\, 90%7 /L a—/LC 1 B U-%, R§z%2 1 HiT->72
O % ERE LIZEHEHASBM X), [RFETRMBZ 7 LV a— L THEELIZb D2 FR L
L 7= EHAFM), ASBM [XiZ SBM 7>6 7 /Lo — Ui L 7= B (AE) 2 300 L 7= 6
(ASBM+AE), [FlE£IZ AFM (2 SBM 72> i L7z AE %[RRI L 7= i BHX (AFM+AE)
&2 fEUSIN L7 AR X (AFM+AE2) # Z 2 U/ERL L 7=, SBM, ASBM, ASBM+AE,
AFM, AFM+AE 5 X' AFM+AE2 (X FM XIZHE_XTRETDHT I /B - ¥ I %
i L7z,

HRAB L OEESRMG HHITIE 2 BE RO GIETEE Lo b O & Hvic, HBRiC
FWTo KR, WKOEKREITSF 2 EEFEEE L, REHIH A OAKEIZFEE 20.0CTH
ofe, FBERBRIL, AW L ICREREE 2 2 e 10 5 2 T PifE & L2k,
feld T 6 MG 2 TARBRAIT o 7o, SBRATEHI 1 B 28], 1@EMIC6 HfE, 800 &
16:00 129 5 £ CRME ThH 27,

ABR 3-2-1 /KifX FM, SBM, SPC, SPI 35 XN ASPI X34 2 KM, NFM X% 1
KAERRE L, BRI 24 [ECEE#IRE 9.09IE L TR & 1T o 72,

HRER 3-2-2 KMITRBRX 2 LI 2 KMERRE LT, 7238, FHRIRTE 9.0g OEARD
bipnoT-72%, AFM X, AFM+AE X3 XN AFM +AE2 XIZ I3 EHAKE 7.0g O
<~ HA ERNEL TR EIT -T2,

YUY o TFE R TR, SRR OIS 48 MR S ¥, £
D, KD 3EKE T X AERIL, 2— 7= /F vy ) —)L
(Sigma-Aldrich #1:8Y) CRrEE L, BHME L CHFIENR & B8 0% 2 e Ensbt L,
L 7 IR 0T 10% PEREf A L~ U v (pHT.4, FGHISEA ) CHEE L=,
ABIEARDIERLGE R~ U U EE LT BER LR IR = % ) — VL RE TRk,
NI T4 @B, bum OUFEZER LIz, OFIE~A Y —D~v bF Ly -
7 Y A L LGSR TR LTz,
Il DAZEE & MR E B ORI L AT TTIRHLAE CIZBAERE T O 2 Lo 2T A
Moticam2000(& HEER b astk LB 2 W CRIE U7z, FHERE 1358k X o ¥l o 72
ZHHLT BT, 52 F RO FIETHERBXMOAEERTEEIT -T2, ABKEZ
fERRERDS 5%LL T & L7z,
Bk 3-2-1 TR OFNEES 2 = & [A UE TR L 72, 7235, FM, SBM, SPC,
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SPI, ASPI XiHfEAAEIC 150 MlaOZ R L 100 Mila oMl E BEE%, NFM XX fH
KA 300 FAEOEZRES & 200 ML OHIIE B2 2 FH1 L 7=,

RER 3-2-2 ATHIRAOFHNLS 2 2 & FEERD HFIETEHIL 72, 723 SBM X, ASBM X
BELWASBM+AE KIFEERREEKEZ X LN EONRE 1KW1, T b %
R U CRHIIL 72,

33 & R

AER 3-3-1 RKEMMIZE TN DPURERFEBREIC X 2B FH0RE

JEERIAMRE  ARBRCIL, SRBRIX ORI R AR, REIEREAT R s K OCREIEE AT g
D FEEER CHRARZE ML ST, 5 230 FM X & [FREO k% % 7~ L 7= (Figs.3-3-1,
3-3-2),

FEE#RARE NFM X ORI CIEE 2 32 & FERICE MG 2 2 L7 A TEDSR O b,
R O RSB LU E ST FM K2R THEIZ/N S - 72 (Fig.3-3-3b, Table
3-3-1),

SBM X CIIFHIMEOMIIE 1T = A4 3 Nk Yt S, MRk R Il E oK &
SNTH)— I 70 < FRRAE I ﬂhﬂibfwt@g&&m ﬁ%@@#i«v%%v
(ZhE < Yeth S 4L, R AR 2 L2 25580 b v, IFilnoZ RE

OHIRE R & HI2 NFM X & OIS B 2GR O H 725> 5 7= (Table 3-3-1),

SPC X TiE, FHlROMRE XA U ICi 5 < Yot S i, ARRIAQR C I3 BMim
DR HNT=08, MBRERTIX SBM KO X 5 2B RS O FLIVITER D b/ o
7-(Fig.3-3-3d), FFEOB T~~~ FF U LTS <Y S, O IIHBRICHER
T& 72, il ERR L ORIIRERIL SBM X & OMICH BZIZ /2o TN EE D
ETIEAREL, MRERITFM X ORI AREEN 72> 7=(Table 3-3-1),

SPI XTI, SBM X & [AERICAFRIAE DI 28 = A4 > T < e S, ffkEIR
TITMIE DK & ST — M3 e < Sk ﬂnﬂébfwt@g&wm iz il
DI~ bF U L ATk Yeta S i, BRME AR 2 LR n 285380 o, iF
MO ERE J:U‘rﬂﬂﬂfﬂ%ffi I&EHICSBM X EDICHBEZEITRD b T
(Table 3-3-1),

ASPI XTI, AP OME L4y Il < e Sh, BMLE OYLEITA S
N5HO0, MEEEARTIE SPLI KO X 9 7 AR IE O ELILITRD S ho iz
(Fig.3-3-3f), FFHifE DI~~~ FF v L AT D < Yefo S, o= BRI HEGE T X
7o TPl OERIL SPI KIZHARTHEIZKE <, MIERILSPIX L OMICEE
ZI NS OOHED ETIERE LS, FM X & ORIC b AR ZEMN 20> 7 (Table 3-3-1),
FESES N Sy WeEBiie  NFM X o iRAifa CIdss 2 % & FIERICERE 2GR H i, MaENO
FE— 7 UHERL O B3 720> - 72 (Fig.3-3-4b),
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SBM X CIIMMAEDOEZ &M E I T~~~ F X L AZEN TR et S, 4 6 i
R 3 EIARTIE, HIRE X NFM X & RIS FM X & bR CTHExc/h & <, MifaE o
AN RO AR NI X ZERR 3 U, — B0 BHIIE CIIEZEMR AR D Sz
(Fig.3-3-4c), 7%V © 3 AT, MIREOLITE NS OOETHR <, R IzIxze
BRI U T 7e(Fig.3-3-4d), £72, SBM K&K T, MlaENICALNDLTE—F
FERLZS FM XA P THIR I 72 <, & N OFRIMER b AR D 72035 72
(Figs.3-3-4c, 3-3-4d),

Smﬂréi%%@@Fﬁ&@%@”i«v%#VVVK%M%M%6<%ééh,
AIE OXIEE <, SBM KO L 9 7 ffia i o Z2BRIXFE D & v 7en - 7= (Fig.3-3-4e),
RRARAE ORI DRI T 7o, £z, MIRENIZIX SBM RKIZHERXTTFE—F
PRI O BIFARIICZ <, WENOIRMER &I L 025 72,

SPI XTI, RO L MIfRE T~~~ R L Uk Yefa S 2s, Mg oL
1L SBM XAZH~_THREIZE <, ALk o 22k mw%hﬁﬂot@@&&mo%
AR AR ISR CE 7o, 7272 L, MIRENOTE—7 VRO &L SBM X
ERBRIZAD 72 <, IMENORIMEKD B DT,

ASPI X TlE, RO KL OMIIRE X FM X & FEkIC~~ b L iz 2
B2 < Yeta S, MIE o LidmE <, BRAIE I Z2p ﬁ@%mﬁﬂot@g&&@)
%m@@#ifﬁ%%_ﬁaf%t F72, MENOFE—5 UERIE, SPI X
NRTHABNCE L, MENORIER AL D > T,

B 3-3-2 7w:~w7ﬁﬁ®kﬂ RER TN AEBEEICRIE AR
JEERITMEME AR T, SRR ORI ERGHAE, HREIEE A FE 3 L ORI A e
D IEEESCHRRZEVEILZR D ST, 55 2 300 FM X & [FRE DOk 2~ L 7= (Figs.3-3-5,
3-3-6),

FrigERRE SBM X Ti, AFROMEIZT 4 sz nZhi< et Sh, ke
RTITMIE DR & SITH—PER 72 < RRMEEIZELIUAAE U Tua(Fig.3-3-7b), i
FADRZ T~~~ b ¥ L ARG L, MR CRRME & 28 U2 TR S 2558 O BTz,
F 72, IO EER L OSHIINE £ FM KIZ X THEIZ/NE Do 7= (Table 3-3-2),

ASBM X CiE, FllaOR% & MIEIESREIRICIH D SR a7, Mk
IS E DK & ST PR 70 < FRBEEIZELNUAVE U T (Fig.3-3-7c), fiFfifa o
BT CPHBRICHER TE 7o, £, o EEZ b NS ERIL SBM X & DfH

ICHBZETRVWb 00, HiED ETiakE <, FM X & OMIZH A EZEIZ D - 7= (Table
3-3-2),

ASBM+AE X TiE, AFAIIIOMBE = 4> ks < Yeft S h, AR o e X
R&E ST MR <, MR TS ICELIL A U T 72(Fig.3-3-7d), Tl
DI~ XU L ARG L, Mk CRIERNE 4 £ Ui 28GR0 bz,
£, FHROKERIZ SBM XIZHRTHEID/NES L, MIRELRIXSBM K & ofic
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B EA1T72 0o 7= (Table 3-3-2),

AFM XTI, AR & MR 138 Ye iR oy < Yeta S 4, TR o AR LK
X SUTH MR 72 < —ERO IR T HRRAEE O ELIL A U T (Fig.3-3-Te), Ffk4
IR CITELIRANE 2 A2 U2 TRl & B O350 8 B 5 IEF 72 MR & 23BE L Tnie, &
7, RO ERIT FM KICHEA_THEIZ/NE < SBM K & DOMICA BEZEIZ R o T2,
AR E R FM X & O MICA B 2£1E 7 H o 7= (Table 3-3-2),

AFM+AE X TI3AFMa O ME Lo 42 i e S, MRREE TITHIE X
K& ZNTH MR 72 < RIS IS E L34 U T (Fig.3-3-70), IFfE O&% 13~~~ b ¥
VUAZIRYR L, MR TR AR Z LIRS 2 EGERD bz, £, AR
DEEREB L O ERIL AFM KIZHANTHREID/NE L, MERIX SBM X & DfH

\ZH B L7 hyo 72 (Table 3-3-2).,

AFM+AE2 X CIEFHIE OMIRE 1T =4 > Nk e S, fREORE Si2h
—MET72 <, RREEOENNEE Th > 7= (Fig. 3-3-7g) Fio, —EBONFMMARRK T
FBHMAE OPLIRDFRD Tz, IO IT~~ h X2 LA Y L, MR T
N DIZIEME DS BRE 2RO b, RO ER e b NCMnE 21T AFM+AE X &
DOINCHBEZI > T1208, EH 56 L EMED ETid/h& D> 7= (Table 3-3-2),
FERBS N 53 Bl SBM XTI, BRI L MIE I~~~ FF v LT E N
Ye L, MR OZMEDFRD DAL, BRIEORZ IR CH - 72 (Fig.3-3-8b), 7=,
WEREAN 53 WAER D A VTR 3B <, — 3B & 1XPAZE L Tuve, Ml ENOFE—5
ki, FM KICHARTZ A A2 Gt s, Z£O&E BB R0o T,

ASBM XTI, IR EM0E T~~~ X L ACENRTNH S S e S h,
FRAMAE O MR B IR 238k <, BRI IS IX 2= U Tz b o0, filE oL ix SBM
XAZ FE TR B 3o 72 (Fig.3-3-8¢), ARl D% 1348 [ TR IC MR T %
7o Fz, MBRENOTFE—7 BRI A CHL RS, £O&EDH SBM X

(ZHE_RTHXIIZ Z 0o T2,

ASBM+AE X CIE, RO L MIREIE~~ FF o LR L, Mg 0%

RO BTz, PRI ORZILZEME L TR VIR Ch - 72 (Fig.3-3-8d), F7=, i
g oWl D ML 13 ASBM. XA B~ THERFHIICIE AN B> T, HIRENOFE—7
ERLI T A Y TR Yeta S, £ O EIT ASBM KU TSI 2o 7z,

AFM X Ci, RO &g T~~~ X2 L Uizl 5 < Yefa S ii=(Fig.3-3-8e),
PTG O M E X FM AT E A~ TR IR 2588 <, —EB o0 i i) C2Ep 23 A4 U Ty
Zboo, fiEOXITE»o Tz, HIENOFT—4 BRI A4 T 5 < Y,
i, FM X & RIERICEZ &ICHFIE LT,

AFM+AE X Cl%, BRHlaoRz & Mia E’? I R UL CH P S, fiRE
S TR, ZAUTPEO IR 21X 22 B 28 4 Lﬂ\f:(Flg 3-3-8f), 7=, —HD
BRI ARG LT b, **@L%T@%H?T&boto MIERN O T E—7 kLT AFM
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RAITHART A I Bt S, 2O &b HEXIIC Do Tz,

AFM+AE2 XClX, B EMIRE T~~~ P X LTI L, 546 L 72 ik
HA2S 45788 B, MR IX 22 4 © = (Fig.3-3-8g), 7=, O 3R
2R IRAI AR N 288 BTz, MENO T £ — 7 VRN A o Tk < e fa S,
Z O AFM+AE X & FERIZD 7o 72,

3-4 & £

ABFZETIERABR 3-3-1 8L 3-3-2 L v, SBM Likfilklt 455 Lz~ & A Tl FM &=
(REREHRE B-RFIC LR CTEIB R3S 0, IFREIBRHRR 23\ T 2 B NFM X & [RIRk O]
A % ffeR8 L 7= (Tables3-4-1, 3-4-2), = D—F5 T, 3Bk 3-3-1 ® SBM X Ti¥, 426
fEARD 5 5 3 EACRIHIE O ZEME XL Th - 7=, REF5(1992) T, R CHEER D
7 TFIZBWT SBM IZ LB ORBENELS D E, XL NRIE j’ockU\E‘:E”@{%fté
MMETFT2HFEZRE LTS, AHFZERICE W T HEEF O SBM ELA R 135 3-3-1 1
A CRAER 3-3-2 O SBM EREEIN L D mnZ &b, ko SBM @aé}f?mmm
ERS H?Hapﬂﬁ%ﬂfﬁk BT DAL & 720, ZAUTHE D B3 L OWER DA B
IZED, BEICBIT DX R ECIEEZITI L & LT REBYE OIELRINAE 11733 L
<IET Lfb\é_fabriz’»f%z bihd,

SBM |ZIFMiFLEE R L OB OENOREBRHICEEL 525 ANF BFETDHZ LN
5 TE Y (Francis et al. 2002), ¥ TlL SBM #ifsfld 25 2 &L TANF O&H
BAIE LB OB - FIAMTHOI TV D FEA 2002), Z OPEREEL L 7= &EH2 X
SBM % 7V 2 — Lifiig L7z SPC X°, SBM % gL L7- SPI 72 ERH LI TV DN
(& 1992), =~ A TlX SPC EffL 72 HONT SPI % 7 /L2 — L L7- ASPT (K
FEHZ B W TAREENIGESND 2 ERHESINTWAHEE T 2010, A FH 2010).
ARFFEIZHB VTS SPC 35 LU ASPI EREEI A8 5- Lo~ & A TlrIfaE s e EU
s & OMAERR AL 23 Wl 33 1 DR E S i S, ER AL 5563 T ik SBM XU H
ARTIRAIEN O T — 7 L HERL D B S MR HEINT 5 = & & R Lf:(TableS-él-l)o
B 5(1999) TiE, AMNER 50% 0 SPC kL&~ Z A 12k5- L TH SBM ik
FAEHE G-I D X 5 2 BB FIZAE TRV L2 ME L TR Y, [ CEERHAD
7 U TlE SBM EREIEHG B-RFICA U A EANRIE, SBM ICE £LH 7 /L a— /LR
W DS ERBAN 53 WA DV AL R 6 L OB ER D 43 Wh 2 4l 9~ 5 72 DI A U TN % ATTRE
PERHIE TS (Nguyen et al.2011), T 6D Z Eovn, SBM EREEHG 5-RED
~ X ANZEB T BN L OWERRS 75 Wa5 DFERRZEPEIC L DB L OWER D AR B
ZIFUO L LIAMEERZ O RNCHREARIZISBM 27 L a— A kfd 5 2 & TUGES
NAFREMENE 2 BLD,

=V ATIE, BEA UEENT SBM 6 7 v o — vl LB 2 RINT 5 & SBM

18



TAREIEHA G- L RO AFEENE LD Z L LY, KEWHICEEND T /L3 —/L7]
VAR Sy D3 A BB D BER | 29k < 5288 % KT 2 & Z2oRIB LTV 5 (Yamamoto et al
2008), AMFZETILRABR 3-3-2 LV, SBM % 7 /L2 — Ly L= ASBM X T3 E %
FEOUCENTRD B, kS TR & OBERIN AR A MR TR ST, iR
HRNIZIZ T — 7 VRN & B CA7(E L7=(Table3-4-2), —J7, ASBM {EHIEEZT v
a— Ui &7z AE 231 L 7= ASBM+AE X2 AFM+AE X ClEfTlEs KL OWENEst
WA T SBM FARAEHG G-If & AR OFFRZMEN RO b, BN o FE—5
VHERLOEIE ASBM X & beifs U CHIRINC D e o 7o, E72iNED £y AFM+AE2
XTIl K OVERBA N 3 WAEBIZ 36 1T DA AN KV B CThoTe, 2D &b,
SBM LRk 2465 LIz~ ¥ A CTHEUDAHEEEOHERNICIE, SBM G E 5T /Lo
—VAEMED ANF DR ELSBELTRY, TNOHERET2ENR~ XA OEFEED
KEHEELTEDTHL LD EB XD,

AL TITEER 3-2-1 £ SPI EIREIE 2455 L 7o~ & A CTIINFIR CRURZ 23589
HITZ b DD, PERESS 538 O RHIRE D ZEAE LM — & OUGERN R FE O Hivlz, SBM
DIEETEEIY, ANF O—2>ThD 7 4 FUBOBREICAITHDL L EHIZ, KEX Y
R EOBKER LOFAENE £ 5 Z EBAME I TWDOMEED 2002), L7z23> T
SPI LAfREHE 5B D~ & A TlL, ERNICEBIT D KREH X7 ORI B otk
W, AFREEIC - EOWENG LI RREENE X 5D, 727121, ARBFE TR E L
FE72 D NI B W TE DS EDRITFBO DT, o REEDREGD T
Jba— VRO ANF ZBRET 20BN H 5 6 O &35 2 5 (Tabled-4-1, Fig.3-3-3e),
F7o, ABFZETITRBR 3-2-2 (2B DB T RO R AIREIT SBM X2 16.8g 725
72DIIZxF L, AE Z¥3INL72 ASBM+AE KO fREIL 18.0g L AEAIZR VL D
OFMED ETIZEL, ASBM X & ORI H AR EITA L2 7= (Table3-4-2), A
(2010)TlE, =Y~ RIZHBWT SPC EEREEHIRKEY R=004f VY 7 IR ZILL D
& L7z ANF 231 L Th SBM EAREEHG G0 X O 7 B OFHRREMEZ A Ul 2
&LV, FERSBRCB T AMMEEOEELB LOERREMAROERIZIE, 7Tra—
JVAITEPED ANF DA LT RS2 VX7 EREE T 5 AfgetE 2 HZ L b, LR
57T, SBM LR 2465 Uiz~ & A THEULAEHBEER L NCRERARIE, Tz
—VAERMED ANF A LT KEX VR ERKRESBEE LTS b L HEET 5,
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Table 3-2-1 Formulation of the experimental diets

FM NFM SBM SPC SPI ASPI
Ingredients (% wet weight basis)
White fish meal 45.50 - 10.00 10.00 10.00 10.00
Defatted soybean meal 8.00 71.50 61.50 - - -
Soy protein concentrate - - - 43.50 - -
Soy protein isolate (SPI) - - - - 33.00 -
Alcohol washed SPI - - - - - 31.00
Wheat flour 15.00 5.00 5.00 5.00 5.00 5.00
a-Starch 9.55 6.25 6.25 12.55 16.05 16.00
Ca(H2P0O4)2-H20 2.00 2.00 2.00 2.00 2.00 2.00
Pollock visceral oil 10.00 10.00 10.00 10.00 10.00 10.00
Vitamin mix™ 1.00 1.00 1.00 1.00 1.00 1.00
Mineral mix" 1.25 1.25 1.25 1.25 1.25 1.25
Choline chloride 0.90 0.90 0.90 0.90 0.90 0.90
Vitamin E (purity: 50%) 0.10 0.10 0.10 0.10 0.10 0.10
Ascorbic acid calcium 0.20 0.20 0.20 0.20 0.20 0.20
Cellulose 6.00 0.30 0.30 12.00 19.00 21.05
Feeding stimulant”™ 0.50 0.50 0.50 0.50 0.50 0.50
EAA mix™ - 1.00 1.00 1.00 1.00 1.00

'Vitamin mixture ingredient (mg/100g): Vitamin B1 1.8 g, Vitamin B2 3.0 g,
Vitamin B6 1.2¢g, Vitamin B12 3.0 mg, Niacin 12.0g, Ca-pantotenate 3.0 mg, Inositol
60.0g, Biotine 180.0mg, Folic acid 450 mg, p-Aminobenzoic acid 1.5g, Vitamin K3
1.5g, Vitamin A 1200,000 IU, Vitamin D3 1200,000 IU.

’Mineral mixture ingredients (g/100g): NaCl 4.0 g, MgS04+-7H20 60.0 g,
Fe-citrate 10.0 g, Ca-lactate 14.0 g, Trace element mixture 4.0 g, Cellulose 8.0 g.
Trace element mixture ingredients (mg/100mg): ZnSO4+7H20 35.3mg, MnSO4-
4H20 16.2mg, CuS04-5H20 3.1mg, KIO3 0.3mg, CoCl2-6H20 0.1mg, Cellulose
45.0 mg.

*Proline, 354; Alanine, 232; Inosine 5'-monophosphate, 414 (mg/g).

‘EAA mixture ingredients (g/100g): Lysine HCL 31.5g, Methionine 42g,
Phenylalanine 6.5 g, Valine 5.8g, Cellulose 14.2g.

20



Table 3-2-2 Formulation of the experimental diets

M SBM ASBM ASBM+AE AFM AFM+AE AFM+AE2

Igredient (% wet weight basis)

White fish meal 44.50 5.00 5.00 5.00 - - -
Alchol washed FM - - - - 42.00 42.00 42.00
Defatted soybean meal  5.00 66.20 - - 5.00 5.00 5.00
Alchol washed SBM - - 62.00 62.00 - - -
Wheat flour 15.00 5.00 5.00 5.00 15.00 15.00 15.00
a-Starch 9.55 6.25 6.25 6.25 9.55 9.55 9.55
Ca(H2P0O4)2-H20 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Fish visceral oil 9.40 10.00 11.00 11.00 10.00 10.00 10.00
Vitamin mix? 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mineral mix2 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Choline chloride 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Vitamin E (purity: 50%) 0.10  0.10  0.10  0.10 0.10  0.10 0.10
Ascorbic acid calcium 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Cellulose 10.60 0.60 3.80 3.80 12.50 12.50 12.50
Feeding stimulant3 0.50 0.50 0.50 0.50 0.50 0.50 0.50
EAA mix* - 1.00 1.00 1.00 - - -

'Vitamin mixture ingredient (mg/100g): Vitamin B1 1.8 g, Vitamin B2 3.0 g, Vitamin B6
1.2¢g, Vitamin B12 3.0 mg, Niacin 12.0g, Ca-pantotenate 3.0 mg, Inositol 60.0g, Biotine
180.0mg, Folic acid 450 mg, p-Aminobenzoic acid 1.5g, Vitamin K3 1.5g, Vitamin A 1200,000
IU, Vitamin D3 1200,000 IU.

“Mineral mixture ingredients (g/100g): NaCl 4.0 g, MgS04-7H20 60.0 g, Fe-citrate 10.0 g,
Ca-lactate 14.0 g, Trace element mixture 4.0 g, Cellulose 8.0 g. Trace element mixture
ingredients (mg/100mg): ZnSO4-7H20 35.3mg, MnSO4:4H20 16.2mg, CuS04:5H20
3.1mg, KIO3 0.3mg, CoCl2-6H20 0.1mg, Cellulose 45.0 mg.

*Proline, 354; Alanine, 232; Inosine 5'-monophosphate, 414 (mg/g).

‘EAA mixture ingredients (g/100g): Lysine HCL 31.5g, Methionine 42g, Phenylalanine
6.5 g, Valine 5.8g, Cellulose 14.2g.
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Table 3-3-1 Nuclear and cytoplasmic size of hepatocytes of red sea bream fed the

experimental diets

™M NFM SBM SPC  SPI ASPI P

Nucleus (um)®? 4.7 3.8a3 4.02b 4.9b 3.802  4.9b <0.001
Cytoplasm (um)25 15.52  12.4b4  13.5b¢  15.02c 13.3bd  14.7ad  <(0.001

Walues are mean *= SD (n=6, mean of 150 cells).
2Values are mean = SD (n=6, mean of 100 cells).
3 Values are mean * SD (n=3, mean of 300 cells).
*Values are mean + SD (n=3, mean of 200 cells).

*Values with the same superscript within the same row are not significantly

different (P>0.05)
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Table 3-3-2 Nuclear and cytoplasmic size of hepatocytes of red sea bream fed the

experimental diets

FM SBM ASBM ASBM+AE AFM AFM+AE AFM+AE2 P
Nucleus

3.92 3.7bc2z 3 8ab2 3.4cd2 3.7b 3.4cd 3.24 <0.001
(pm)1’4
Cytoplasm

15.72  13.4> 14.8ab 13.7> 15.52 14.2b 14.0b <0.001
(m)34

+

Values are mean + SD (n=6, mean of 150 cells).

2Values are mean = SD (n=5, mean of 150 cells).

3Values are mean = SD (n=6, mean of 100 cells).

*Values with the same superscript within the same row are not significantly different

(P>0.05)
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Table 3-4-1 Growth performance of red sea bream fed the experimental diets

Fm®3 NFM? SBM*? spct3 SpIt3 ASP|'®
Initial BW (g) 9.1 8.9 9.2 9.2 9.1 9.2
Final BW (g) 27.0° 17.1 20.9™ 23.1° 19.2° 21.6®
Weight gain (%) 197.4% 90.7 127.4" 151.4° 110.3° 135.7"
Feed efficiency (%) 84.6° 58.1 69.1™ 76.6%® 70.8™ 78.8°

Values are means (n=2).
2\/alues are means (n=1).

3Vialues with the same superscript within the same row are not significantly different (P>0.05).
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Table 3-4-2 Growth performance of red sea bream fed the experimental diets

FMY?  sBMY? ASBM'? ASBM+AEY AFM' AFM+AE' AFM+AE2!
Initial BW (g) 9.1 9.1 9.1 9.1 7.1 7.1 7.1
Final BW (g) 23.4° 16.8° 18.7° 18.0° 18.1 18.0 17.1
Weight gain (%) 92.8° 68.2° 82.9° 78.3° 96.7 94.9 91.3
Feed efficiency (%) 157.9% 84.7° 105.6" 97.7° 153.5 152.4 139.8

Values are means (n=2).
*Values with the same superscript within the same row are not significantly different (P>0.05).
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Fig.3-3-1 Histological sections of mucosal folds of the distal intestine of red sea
bream Pagrus majorfed the experimental diets (HE-stained). a: fish fed diet FM.
b: fish fed diet NFM. c: fish fed diet SBM. d: fish fed diet SPC e: fish fed diet
SPI. f: fish fed diet ASPI.
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Fig.3-3-2 Histological sections of the lamina propria of submucosa of the distal
intestine in red sea bream Pagrus majorfed the experimental diets (HE-stained).
a: fish fed diet FM. b: fish fed diet NFM. c: fish fed diet SBM. d: fish fed diet
SPC e fish fed diet SPI. f: fish fed diet ASPIL.
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Fig.3-3-3 Histological sections of hepatocytes of the liver of red sea Pagrus major
bream fed the experimental diets (HE-stained). a: fish fed diet FM. b: fish fed
diet NFM. c: fish fed diet SBM. d: fish fed diet SPC. e: fish fed diet SPI. f: fish
fed diet ASPI.
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Fig.3-3-4 Histological sections of exocrine portion of the pancreas of red sea bream
Pagrus majorfed the experimental diets (HE-stained). a: fish fed diet FM. b: fish
fed diet NFM. c,d: fish fed diet SBM. e: fish fed diet SPC. e: fish fed diet SPI.

g fish fed diet ASPI.
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Fig.3-3-5 Histological sections of mucosal folds of the distal intestine of red sea

bream Pagrus major fed the experimental diets (HE-stained). a: fish fed diet FM.
b: fish fed diet SBM. c: fish fed diet ASBM. d: fish fed diet ASBM+AE. e fish
fed diet AFM. f: fish fed diet AFM+AE. g fish fed diet AFM +AEZ2.
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Fig.3-3-6 Histological sections of the lamina propria of submucosa of the distal

intestine in red sea bream Pagrus major fed the experimental diets (HE-stained).

a: fish fed diet FM.  b: fish fed diet SBM. c: fish fed diet ASBM. d: fish fed diet
ASBM-+AE. e fishfed diet AFM. f: fish fed diet AFM+AE. g: fish fed diet AFM
+AE2.
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Fig.3-3-7 Histological sections of hepatocytes of the liver of red sea bream fed the
experimental diets (HE-stained). a: fish fed diet FM. b: fish fed diet SBM. c:
fish fed diet ASBM. d: fish fed diet ASBM+AE. e: fish fed diet AFM. f: fish fed
diet AFM+AE. g fish fed diet AFM+AE2.
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Fig.3-3-8 Histological sections of exocrine portion of the pancreas of red sea bream
Pagrus majorfed the experimental diets (HE-stained). a: fish fed diet FM. b: fish
fed diet SBM. c: fish fed diet ASBM. d: fish fed diet ASBM+AE. e: fish fed diet
AFM. f:fish fed diet AFM+AE. g: fish fed diet AFM+AE2.
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B4E REMHEERFEEA~OFERIY S EREEFICE 2 2R BOR

4-1 %

il

AL CIEE 3 B LV, RSB A LR L Licfiklzin b Lic~ & A T, JIF
NECHENBS N 3 WAER DAARRZENENZ M O RERB AR R O I EARDAEL, ZDOHERKI(C
IXSBM IZEHEND TV a— LalEHEO KREHHRER T(ANF)2SEE G5 LT 5 Alaetk %
W2 LT, TO—HT, AFRETIEREFELY, SBM %7 /b a—/Lfd L OER sz
PREREE L 7 B (SPC) 72 5 N T L 2 — Ak 2 K S ASBM) & £k & L7~
Rt A A G- U 72 R XA Z 8 W\ TR EAREREHRG B-F & [R5 DRl B AR I35 72 o
7o FHHAIZEWTIE SBM ERFEHA G-RFIZA U 2 ER B OUER & LB
ORI FAMER BT S TEY, Goto et al.(2001)F L Of Takagi et al. (2006) Tix, SBM
FIREEHG RO~ XA TAECLIRERFIZZ V) v 20Nt 52 & CdeEISns 2
EEMELTWS, #U U NIREOERNTH Ve a— L E(Ctawx T U L& Lz
U U B RS R E TR T B T DI BRI R e T X BEOMRHMIED Th 575, i
MINZIZEENTE LT, 57 '7 U U DAEBRREESINZ L~ & A 07 U ICHY i sk ok
REBEEIZ GG LTEGEBICEARRT 22 0 ) COfENMNE L ST D (7T 2008,
%mk_m%®_&#%EBMEW@H%@%@V&%TEL%WETE&%U (I
Bz 3617 DBV AR RICHE D IRE OB AR R ORI, o2 o) v EF&ED
BIG- L CWAREEMENE Z b, AT 5% 7 U % SBM ERAIEHIHET 22 & T
IS DOBEENR BTSN D,

WKED =T~ ZATIL SBM IZEENLVR=00A VT TR0 EOHURER T
2 Ko THFIBIC AR A C, JHD 5 R ORRIEHEREN D 325 Z EnwsE STy
% (55 2007, 2010), 7= Iwashita et al. (2008) Ti%, SBM Likfithc# v

a—LEE(Ctaw) 2T 2 2 & T=Y~ 2D EBERENEE L, %@HBHE%%%NWW
D2 EEHELTWD, Ctaw [FEHEE 7D 1> THY, TR CEASH, BE
BOWTHRE O - WIUZBI S35 Z LA bN T\ D (Sl - 11 2002), /ﬂ%ﬁa iz
BUWTIL, Takagi et al. (2002) kY, ~# 112 SPC E{kfaktz EHMG G L5 E1C
I, ﬁﬂﬁﬁi%ﬁ@f&? & EHITID S I EBRRENSME T2 Z LamE SN TEY, A

FIZBNT D, #2FHE Y SBM EEREEZ /GG Lo~ & A CTIIIFIBROMEMBZENEIZ LS
ARHZE AR BACPED, IR OTMEERINEED O T4 2 alREM A HEZR L T D, Zh b D
ZLnb, SBM EREEHT Ctau ZWINT 2 2 & T~ & A OAFEEIT 5 D DRE
EHZDAEEMENREZOLND, LLRRL, & A ~0 C-tau AT Matsunari
et al. (2008) NI EA VL EZ HNTHE L TWARETHY, eox v ik T
t, SBM EAREIEI~DO U R 25 L7 SCikIEZ L <, E O D725 5 k71
RBRFHEZ 7V Z LT Ctau D EL L THITON TWRWORBRTH S,
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Z ZTCARETIE, SBM EEKEGRI~D X 71 B L Ctau DIRINN~ ¥ A O
EICRIFTEELZ KRG LT,

4-2 MEHE TR

AR

R 4-2-1 AHRBFEEHIEM L 72 F U U U~ A ORBEBICKITHHEEFN
Bt AR BRX OB 2 Tabled-2-1 125 L7z, fakyZz k& L= stBAEHEM [X)
R HBRD Z NI E 55% % B BE U INEMLER 3 A KGR (H IS AU AR5 TR
B U7 REI AR EEHSBM X)), KEHH 2 5RO 5 {58 D 70% 7 /v =2 —/L T 2 [,
90% 7 /b2 —/LC 1 [BIEELEE L7=1%, A% 1 HiT > 72 b O % ER & LzfEHASBM
[X), SBM XL ASBM KizZznZnH v U % 0.25%IN L7k (SBM+T,
ASBM+T) ZE#4 7=, SBM, SBM+T, ASBM 3 LT ASBM+T (X FM [X(ZEE~_TAR
BT2DT7 I8 BF IR Lic, BB X OMRAFILE 2 B & [FRkD LT
1To7,

%"5&4-2-2 REHHEERGES~DZ T a—VBBLIOZ VY VOB~ A D

HEEICRIETHE BRI OMEE Table 4-2-2 |28 L=, A¥E LR E Lizxf
%’ﬁwr (FM [X) & b FMESLER 3% 4 SBM (H i HALEEHESRD) 12X 0 FM Kok
MDD & R ED 84.5%% SBM HIkD Z o /37 B TRER L= Kk eael (SBM
X), 3 L O O KEHHETEHT C-tau (& 7 < #:8) % 0.5%¥IN L 7=fikt (SBM+C [X),
20 (FehisRads)) %2 0.2%F L-fE (SBM+T [X), C-tau0.5%, ¥V
0.2% D Wi 7 % F L=kl (SBM+CHT X) #ZhEh/ER L7, 723, SBM [X,
SBM+C [X, SBM+T X3 L1 SBM+C+T X TiZ FM KIZHA_TRET HHMET 2/
fea e Lz,

HRAB L URBESRM EAILHE 2 BELRBEOFIETHE LI b0 2 W, ilBRiC

AW AKAE, KIE~OHEKEITEF 2 mEFEERE L, BRI T OAKREIT Y 20.0CT
bole, RERX T LI 2 KFEERE L, KiEZ L IcBriakt 2z 10 HM 5 2 TF
REAE % Lictk, il T 6 MG 2 TARREZIT o7, REEIEHT 1 A 28], 1@EMIC
6 Hf#, 800 & 16:00 (24 % F TFME TH AT,

HBR 4-2-1  FAREICIE 24 ROEYMAIAE 9.09NAE LT, RBRE1T-o72,

HBR 4-2-2 FAREICIT 24 2 CEHAAKE 1883g) AL T, RBrE1To72,
PPy T FE RBRKT%, SRBRX oMt IR 48 Bl R S, %
D#, KEXKMEND 3 HEET X AIRERL, 2—7 /%X ) — )L

(Sigma-Aldrich fL#8) CTHRREEL, BAIE L CHFIENR & 1B D%l = 2t L,
L7200 10% P MEREE R L~ U o (pHT7.4, FGHISEH ) CEE L7z,
ARBR 4-2-2 TIIH 7Y TRRIBER & & BIZIHD O 2 e L, B rroa T
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I T-80°CCHRAF L7z, FE o To iy, Bt 2 S 512 4 AR, fag &t L,
BAKRET D 12 B IC, KRB oA LY 3 Ek Gt 6 iR BRX) 3 2H v k
O, BB LTIEE R L, BENEMEY TN TF 2 —TITERIUL T-80°CTHRAF L
776
JED 5B L OBENETYOBEHEEDO SN Rk 4-2-2 TIHIEO 5 A XL OWGENE
W)rE ONRTFERIR B TR E-7 A b U 2 — (REMEEALR) 2 VTt Lz, 7k,
AR 5 DR BRI FE DT IIXBRY > 7V 7 21T, 1 fAEHXIZo & 10 fEiE (%
FARIHX OARD 5 BEOSEEMEISEN S O) LVBE L TR L72Bo 5 2 HE/H L,
REE N O RE BEIREE D HTIIE, WS N & SRS lth, A 2 ) — /WS CTHil
U7 Bz 2l L7,
FBIEARDERAE R~ VEE LB LB NT 2 — LRSI TRk,
NI T ATEHL, bum QU EER L, UIFIE~A v—D~~ FF Ly -
T Yt A i B UG BRI EE CRlEE LT,

FFRERR DEZRE & BB R DFHAI & f#tT  IFIBGEAL CIXBIMEE T o 2 Lo X7 4
Moticam2000(5 B bt B 2 - CHIE L 7z, FHAES 13080 X M 0 2 E 00 2
w5720, 52 B L RO FIETERBRXE O EERE 21T o7, AREAKMEX
fERREEN B%LLT & LTz,

AREBR 4-2-1 PR OFHANTES 2 3 & [6] U5 1E CEAEIC 150 Mla O ERE & 100 A
Rl D ABIE BB 2 5 L 7=,

R 4-2-2 PRI OFHANE S 2 32 & RO J7 ik CE A 300 HIfROREL L 200
Al DM E RAE 2 FHAI L 7=,

43 & B

R 4-3-1 RMREBFERNIIRM U7z U U U~ ¥ A ORBABICKIE TSR
Gl
JEBER ARG ARBRCIE, SRBRIX ORI, REIEE AT 3 K OCREIRE A &
OREE TITAMEETROONT, F 2 ®o FM K& REROMKGEE R LT
(Figs.4-3-1, 4-3-2),
FEg#RRRE FM XORFHIIE CIX, 5 2 3 & [FERIC B 5 724 2 7~ L 7= (Fig. 4-3-3a),
SBM X IFHfc CTILE 3 B & [FARICEIRM 2 & L 7oA MES G L, fFfilao
BESZBIOMERIZE HIT FM KT THEIZ/NE - 72(Fig.4-3-3b, Table
4-3-1),
SBM+T X TiZ, AFMBOMBEIZT AL NS S Yt S7=08, ATFHIRE O HIE
IR E SR, BIRFEEICELND A U e (Fig.4-3-3c), FFHIREORZ T~
<~ ¥ LTS Y B E NN, —EBO RN CREZERE SR B, RO
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1T SBM K & OMICH BZITA LIV Tony, MR IL SBM KIZHXTHE

K& <, FM KX EDOMIZH A EZEIL D> 72(Table.4-3-1),

ASBM X CIE, % 3 T & [AERICE: & MR T A Y ORICIA 2 < Yot SN2 03, Jfk
EETITMIE OKRE SATH— MR 72 < BRMEEITELNAE U T/ (Fig.4-3-3d), i
AR DT AR HEGR C& 7o, E£72, RO ER 2 6 NI EA X SBM [X
EDORNCAEBEZEITRWE OO, HEDO ETIIREL, FM R EOMICHLAEEEITR)->
7-(Table.4-3-1),

ASBM+T XTI, ARG & MR I3 A Gtk I 5 < Yeta S 4v, TR o fllfa
BIIRE ST 00, FRHEEOELAVEZAE U Tnied - 72(Fig.4-3-3e),
RO E, FFHERR O —H TEZEMRETRO HILD b OO, FkEER TIIE O ITHIR
IR T T, 72, PO ERIZ FM X & OMICAEEIT 2 <, MiE X ASBM
X EDMICHBEZEIT RV DOOEIED ETIEkE <, FM X & ORICHAEZEIT D>
7-(Table.4-3-1),

PR 7 ikl FM X oOfiia Tlx, 56 2 & & [AERICIER efikig 2~ L, i

BWNIZIZ= A v YT 5 T — 7 VEERLDGED S i=(Fig. 4-3-4a),

SBM X O e CILes 3 & & [FAR I BHa O M E CEME RO b, MEND
FE—5 VEERLE, FM KIZHAR T A v U ciE fefa s, o/ Az 720
- 72(Fig.4-3-4b), F7=, BEMIN WO MAE 1TIEA B <, —H O M IXAZE L T,

SBM+T X Ci, BEiao;: & MlE X~~~ v L ACENENA S < o s,
EOH PR CTh o 72 (Fig.4-3-4c), MME O AN E I3E - CTIENH <, B icix
ZERAEC T b oo, MlREOXIER <, SBM KO & 5 2 ZEifi a8 biven-
7o Fz, BRSNS OIE Tlix, SBM XD X 9 72 & OPAZEITRED HivZen-o 7=,
MENOTFE—7 VERIT A I A R S, 20 &Y SBM XIZH~TH
KN Z o T2,

ASBM X TIE, % 3 =& RRICIMaO & MlE T ~~ FF o Lz EnE ]
%< Y S, RO ITIES NS OO ITE <, ol b HRICHE T -
(Fig.4-3-4d), F7=, MilRENOTFE—F VNI A U ICHL S REIN, TO&E
H SBM [XIZ AR THRAIIZZ 0> T2,

ASBM+T XTI, Il &Ml iZ~~ hXx T L AcENE NI 5 < Yo S,
B L HECTH - 72 (Fig.4-3-4e), IRAIILOHIINE X ASBM X & RIERICHEA U D
DOLITE Do Tz, MENOTE—F7 BRIE ASBM X & [FRRIC A 2 T 5 < Y
Bz,

A 4-3-2 KEMHEEFE~DF U na—LBEBLIOZ VY VORMB~F A DA
HEECRIETE

FED 5 B OREH-EREE LR 5 HE TIE SBM XX FM X & O B /R =1L A D
T, 2o U rEEMLE SBMAT X & DR THEZNENAEEEITRD bR -7
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(Table 4-3-2), —J7, C-tau Z¥#sI L 7= SBM+C X3 L SBM+C+T X Tlxtuio 9
HEIL SBM KIZHARTEL, FMXEUEXTHHEEICEHWMEZ R LTZ, HDO 9 HHER
JREETIESBM X & FM X & OMICAEEITA LT, MORBRX & OIC b A BT
RO BIIRNo T,

IBENEYH OB EREE HENRY OB X SBM K23 bK<, RN T
SBM+T X728 FM XIZ X TRVMEZ 7R L7z (Table 4-3-2), —J5, C-tau RN L7=
SBM+C X35 LU SBM+CHT XOEHFRIREIL FM X LD H &V MEZ R L, SBM X &
SBM+C XD THEZENH O BT,

[EEHEARARR AR T, SRR X ORI R, RS A TE 5 L OSKEIEE A 8 O
FLJEH CIIMRRANE TR BT, 55 2 D FM X & [AIER Ok % 7~ L 7= (Figs. 4-3-5,
4-3-6),

IRk E  SBM X OIFAIILOBE T FM XIZ R CTHEIZ/NE 3o 72(Table 4-3-3),
—7J7, SBM+T X TiZ SBM KITHRTHEICKE S, FM XL OMITHEEIZA LI

723572, SBM+C X3 & O SBM+C+T X fifix FM XICEERTHEI/NEL, SBM
X & DOMICHBEEIT o Tz, MIEEIT SBM KT FM KIZHE_XTHEILNEL,
SBM+C X, SBM+T X35 & U8 SBM+C+T K% SBM KIZHA_RTHEICKE L, FM K
EORICHEBEZITRD bR oTz,

FM X ORI TIE, 4 6 fERH 4 KT 2 % & FERICIER 22 ik 2 = L 72 (Fig.
4-3-7a), —J5, #%0 2 1@121: X, FHEOBIIRER T~ b U i Yot Sh,
AR X = A S T S Yot F 721 3R Y L TR 0, MR o/ NEBIZ AW —T o T
?’rﬁ%c:m\fgﬁﬁ%m@ﬂmﬁ@ U Tz (Fig. 4-3-7b),

SBM XTI, FM [XIZ A 541 5 IEH 7o kARG 134 6 fE R 2 (R TR b vz 23 (Fig.
4-3-7c), 2 fEBRIZIB W TR OBZIZIRY L, MIE O K E SIERYE— CHRREEICEL
NEAEL T (Fig. 4-3-7d), 780 2 EKTIEE 3 ¥ & [FARRICEIRM 2 2 L 7oA
PEDFE O B, IO ER LOMIERIT L HIC FM XIZHASTHEID/ NS o
7-(Fig.4-3-7e, Table 4-3-1),

SBM+C KX Ti, SBM X Th bHit 2 EERMBEEBITRO T, 46 fH kT 5
E A TR O3 RY L, MiaE o/ NI O ZREE O FLA RN A b= s (Fig.
4-3-7g), %V 1{EAIT FM X (Fig. 4-3-7a) S IIXFEEEOIEE Zefilfkitg 2 r L= (Fig.
4-3-79),

SBM+T X Tli¥, SBM+C [X & [RIFRICHE 7R MEBRITER O H LT, 4 6 iR 3
BRI ORZ OFRYE, MIE O/ S SRS O AAE T TR (Fig.
4-3-71), F%V 3 ERITIER 72kt 2~ L7c (Fig. 4-3-Th),

SBM+C+T X%, SBM+C X3 L ONSBM+T X & [R5 B 7o fak S M358 0 B 7,
4 6 fE{RH 3 EAR TRl ORZ N IEYL L, BB O /NIZPE S SRIRMEIEOELIAAE T
TV (Fig. 4-3-7k), #& 0 3 EARIZIER 2k 2~ L7z (Fig. 4-3-7)),
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FERBAN 7B FM X O AifE Tl 4 6 iR 3 A TH 2 = & [FARICIE R 7kl ks
oL, MIENICIE=A Y AT 5 T — 5 R O BTz (Fig. 4-3-8a),
—J7, B0 3EMEIE, BMlaO X OMIE X~~~ FR U ok R s, MAE
SEJ5 B BGRRE O LTIE R 7R AR I e~ TR, AR /IR RIS U R HE R L2 Z2 B
DAET TV (Fig. 4-3-8b), 72, MIIENIZHRD LD TE—7 LV FERLTIEF 7o ki
(AT A 22 v o T2,

SBM X Cl%, FM X TH LMD K 5 2 IEH MBI 5 nd, 46 fEikh 3 {F
R CITIRMA TR L OMIIOE & bz~~~ F 2 U Tk Yefa S, RN 7 B RZ A
@@iiFM[:@g4&&) THATIR S, AIE O/ NRABIZ A BRI L322 B

WO LT (Fig. 4-3-8c), 750 3 EIA CIIMRMaOZES L OMIIRE T~~~ hF U
(Rt )i%ﬁé L, M E /NI PO BRI IR ZE B2 A C, IR O BLA2 2 L < Bl
7o EE O A S 2R Lz (Fig. 4-3-8d), £7-, IRAIRANICA B D TE—7 L JakL
IZ FM X (Fig. 4-3-8b) & b~ THIXAIC D 72 <, RSN 3 W6t oo I TR ER D%
DS TE & 22 ARG Z LR TRERT IS A 22 v o 72,

SBM+C X ClE, SBM X TH b2 BEE A FAMAMESRITA 6 8 2 EETRD 5
iz (Fig. 4-3-80, —J7, 7%V 4 RIZIAIIL O & MIREIZ~~ FF U Tk < g
BEN, BEREICIZZERAE T TS o0 SBM X (Fig. 4-3-8d) (ZHA_TE D%
Wi&< BRERIAE OBCFNT K X 72 BGLvid A B ey~ 7= (Fig. 4-3-8e), & 7= AR o 4

BFWNIZIZ SBM X (Fig. 4-3-8d) (ZH_RTFE—7 R NZ B B, MENIC
i%éﬁz@ﬁ?mﬁzmﬁa iz,

SBM+T X CiE, FEEEZRFMMBEMESRIT 1 BiROA T (Fig. 4-3-8h), 7%V 5 AKX
SBM+C [X. (Fig. 4-3-8e) & [RIERICIMAAR] D23 <, BEMEORSNIIK & 7edliL
IR by o 7= (Fig. 4-3-89),

SBM+C+T X Ti¥, SBM X TH b5 HERMMAMEITRD 6T, 26 kT
SBM+C X (Fig. 4-3-8e) <° SBM+T [X (Fig. 4-3-8g) & [RIEEIZARAM AL O ZEpr i3k <,
BRABAE DOELHNIZ K & 72 ELAVITRRD b 7e o 72 (Fig. 4-3-8i),

4-4 & B

ABFZETIEE 2 372 L AR, FRBRICEB VT SBM LRkl 2/ 500~ 2 A 13 FM 1

IREREHE G-RF I A TERB AR 0, BTl L OWERRS S 3 Ik A TR 22 A U

% Z L& & Uiz (Tables4-4-1, 4-4-2), F7=, SBM % 7 /L2 —/L¥% L7= ASBM fi

BFCILE 3 7 & [AIERIZ, B RGE O T 72 & QN ITFiss & OMENRA L 53 Waish C O FR AR 2
IZ S ENFRD H 7= (Table4-4-1),

WHERD~ XXX TV OEAGKRENNZ L, SBM XU L LTI U &2IF

EAEEFERWEER ARG LT 5T, 2 U RENS R LREMENRE SN
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THROWIW - £2RK 2006, 7FHE 2009, 277 2010), TILHAREEIZIL, RET 54V
U % SBM EEREEHIAEST 2 2L ATH D Z & bHE I TV 5 (Goto et
al.2001, Takagi et al.2006), AHFFE T, B 4-3-1 1238 T SBM ERfidkHc # v
U 0.25%ZWINd 2% Z & THRITMAENUGE S, FEIBSN WSS I AL 0 ZEkiE o
UGB LN T E— 7 VRRL OB 5 7= (Table4-4-1), 2D Z &5, SBM £
G G D~ XA THAULRERR R b NCAEBEEIZIEL, 24U ) VO TADNE
MTHDFREMENZ 2 BN D, — T, AWFFETIXFRFFRO SBM+T XIZH W T—H O
JFRIREI MG 2 1L U & LIRS b, Bk 4-3-2 O SBM+T XTI, Jif
HERE OO ZEREAME T8 ST A3, RS Wi O BRI MG AL 1 72 D NS T — 4
HERL DD DIFBD B T2, TN(2010) Tl [A CHEFER O 7 U IZEB\W\ T SBM B L U'SPC
FIREEHZ 2 7 U % 4A.5%EIN L T by FIAREE & RSO BRAE S bRn
EERWEENTWS, ZOZ L XY, SBM FAfEHA GO~ & A128 T v 23N
T2 CIIARRELS ZRICKET D IEIA TS TH DL AREERE X N5,

BKBED =V~ 2Tl SBM filBHa 5-RHC A U 2 EER L OVEREE L, C-tau
EWINT 52 & TCUEIND Z ERHE SN TS (Iwashita et al. 2008), — 5, SPC
FREGEE RHIRIFE G Lo~ 2 A TIEO 5 P oy &En il L, [ CHgEfa o~
U TlX SBM EARETEHE G-RF AR E ORI ME T LTV S aTREMEA G ST
% (Takagi et al. 2002, =¥ 5 1992), A TIE, R 4-3-2 1238 T SBM X TJH
D H FORRHERIEE DK TIXERO LR > 72 b OO, IR Y TéH D C-tau Z U
L7z SBM+C X CIEFAIRIZ 35 TR ME O SEN B O i, JHO 5 HE T SBM
X & HERTEVWEZ R LT, 5 AT, IR CRREEEE L Ca— @Ak S,
JHOD S FTEZ T Y AAEEID Ctau & LTIFEL, BEICBOTREDWHL - Bz
METH2ENMOLNTWAUNE 1991), b0 Z & SBM EAfEEHS Ctau &
WINT 22 LT, ~& A THLDIFIBOMBENEPUE SN D & & BITHEICKIT 5
BOWMECEN M BT D ARERE 2 biLd, M T, ABSETIEZ U Y & Ctau
EENTNIRM LR 2~ X A2k 59 5 2 & T, B RGE e O OISR C OFREZ
PEDWENTRD S, B0 5 EEHIE SBM+C X & FEIZ SBM XIZ T Ev Vil &R
Uiz, 7z, BERRSN WA CIIMMia 0, F5—7 ik L OULE N O R L EkEL
DL RYGE ST, BETIE, BRSNS O c Y R—80 Y T, 73
7 —R 7 EOW LR DR S, Z O ITIE TOREWE OWLRIUCE ST 2 F
DEHTWD Gl 1977, HEEA 1982, /NEE1991), b0 & kb, SBM Eik
FAEHE 5RO~ X A1 Ctau & ¥ 7 U 2 ZNZNIRINT 5 2 & T, MR O ZEHE
ZEMEITAE D B3 L OWEIR DA B S S & T, BE TORREDE OIHL
WA ) B S, ARARRMDUGE SN D ATREMER B 2 bivd,

—J57, AWFFETIL SBM+C KIZEWTEBRAEOSE TR D bT, Mx T2 U~
ZIMLTZ SBM+CAHT X Tk FM X & Ee_XTEREVIRN S D, BEIEIMWE Tik FM
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X TH SN D IEH R MRITRD o Tz, KAD =Y~ A2 Tixk SBM LR
HEHCA U HAAHBEEL SBM IZE D TV a—/LalfaEtEd ANF NEKRTHY, =
NoHERETHZ ETEHBEENLEIND Z ENREIN TS (Yamamoto et al.
2008, 2 T5 2010), F3, Nguyen et al. (2011) 1T7 U OHfIZT v a— LG LTz
SBM &AL A #a5-34 2 2 & T SBM FHARFREHG G-I A U D kR A B3 L OWGE T
ERIZH 1T L NI R TS d L OB I a A B0 T dE S, 7V a— Lt 4 fi
BHZFRINT % 2 & T SBM LARfEHG 5-RF & RIERICABREEZE LD Z L2 MELT
W5, REFRICBWTY, 3 EICTT AV a— LI L 2WEDNREZHERLTEBY,
AREORER 4-3-2 TIET Va3 — Vs % Hi L7- ASBM EREEHZZ 7 U > 0.25% %1
3% Z & T, MERNAEOLE R & NI K ORERBS 3 WS I I THRLRR 2R D
WENBD N, ZNHDOZ EH, SBM FERGEIZHEE Lo~ X A28 5 E
RER I OEHEEOUEITIT T L a—LaliEED ANF B RIETEEORRER 5N
RETHX2T) OMENEETHLLDLEEZ D, 728, Biswas et al. (2007) TlZ,
~ HANITBNT SBM25%ELE DIk 2 553 5 & i FREEHI T H
7 AR R NS HEKICHSWT, ANF OOESTHD 7 4 F U RNEELTWDHH
REMEZ RS L TWD, 272, SBM EREEHE RO~ &4 A TH U 5 EBEEOW
BHELMESLT D12DI2IE, v 2 A OEFBEREICRIT T KE ANF O2 % Rligiat+
HMLENDD EZEZ D,
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Table 4-2-1 Formulation of the experimental diets
FM SBM SBM+T ASBM ASBM+T
Igredient (% wet weight basis)

White fish meal 44.50 5.00 5.00 5.00 5.00
Defatted soybean meal 5.00 66.20 66.20 - -

Alchol washed SBM - - - 62.00 62.00
Taurine - - 0.25 - 0.25
Wheat flour 15.00 5.00 5.00 5.00 5.00
a-Starch 9.55 6.25 6.25 6.25 6.25
Ca(H2P0O4)2-H20 2.00 2.00 2.00 2.00 2.00
Fish visceral oil 9.40 10.00 10.00 11.00 11.00
Vitamin mix! 1.00 1.00 1.00 1.00 1.00
Mineral mix?2 1.25 1.25 1.25 1.25 1.25
Choline chloride 0.90 0.90 0.90 0.90 0.90
Vitamin E (purity: 50%) 0.10 0.10 0.10 0.10 0.10
Ascorbic acid calcium 0.20 0.20 0.20 0.20 0.20
Cellulose 10.60 0.60 0.35 3.80 3.55
Feeding stimulant3 0.50 0.50 0.50 0.50 0.50
EAA mix* - 1.00 1.00 1.00 1.00

'Vitamin mixture ingredient (mg/100g): Vitamin B1 1.8 g, Vitamin B2 3.0 g,
Vitamin B6 1.2¢g, Vitamin B12 3.0 mg, Niacin 12.0g, Ca-pantotenate 3.0 mg, Inositol
60.0g, Biotine 180.0mg, Folic acid 450 mg, p-Aminobenzoic acid 1.5g, Vitamin K3
1.5g, Vitamin A 1200,000 IU, Vitamin D3 1200,000 IU.

’Mineral mixture ingredients (g/100g): NaCl 4.0 g, MgS04+-7H20 60.0 g,
Fe-citrate 10.0 g, Ca-lactate 14.0 g, Trace element mixture 4.0 g, Cellulose 8.0 g.
Trace element mixture ingredients (mg/100mg): ZnSO4+7H20 35.3mg, MnSO4-
4H20 16.2mg, CuS04-5H20 3.1mg, KIO3 0.3mg, CoCl2-6H20 0.1mg, Cellulose
45.0 mg.

*Proline, 354; Alanine, 232; Inosine 5'-monophosphate, 414 (mg/g).

‘EAA mixture ingredients (g/100g): Lysine HCL 31.5g, Methionine 42g,
Phenylalanine 6.5 g, Valine 5.8g, Cellulose 14.2g.
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Table4-2-2 Formulation and proximate composition of the experimental diets for red sea bream (%)

FM SBM SBM+C SBM+T SBM+C+T

Ingredient (wet weight basis)

White fish meal 45.00 7.00 7.00 7.00 7.00
Defatted soybean meal 6.00 63.20 63.20 63.20 63.20
Cholyltaurine - - 0.50 - 0.50
Taurine - - - 0.20 0.20
Wheat flour 12.00 5.00 5.00 5.00 5.00
a-Starch 11.00 6.25 6.25 6.25 6.25
Ca(H,PO,), * H,0O 2.00 2.00 2.00 2.00 2.00
Fish oil 8.60 10.00 10.00 10.00 10.00
Vitamin mix* 1.00 1.00 1.00 1.00 1.00
Choline chloride 0.90 0.90 0.90 0.90 0.90
Vitamin E (purity 50%) 0.10 0.10 0.10 0.10 0.10
Ascorbic acid calcium 0.20 0.20 0.20 0.20 0.20
Mineral mix’ 1.25 1.25 1.25 1.25 1.25
Cellulose 10.95 1.10 0.60 0.90 0.40
Feeding stimulant® 0.50 0.50 0.50 0.50 0.50
EAA mix* - 1.00 1.00 1.00 1.00
Yttriume oxide (purity 10%) 0.50 0.50 0.50 0.50 0.50
Proximate composition (dry matter basis)

Crude protein (%) 41.7 40.6 40.9 40.4 40.0
Crude fat (%) 11.6 11.0 11.4 11.0 11.7

"Vitamin mixture containing vitamin B, 1.8 g, vitamin B, 3.0 g, vitamin Bg 1.2 g, vitamin By, 3.0 mg, niacin 12.0 g,
Ca-pantotenate 3.0 mg, inositol 60.0 g, biotine 180.0 mg, folic acid 450 mg, p-aminobenzoic acid 1.5 g, vitamin K3 1.5
g, vitamin A 1200,000 IU, vitamin D3 1200,000 1U/100 g premix.

“Mineral mixture containing NaCl 4.0 g, MgSO, + 7H,0 60.0 g, Fe-citrate 10.0 g, Ca-lactate 14.0 g, trace element
mixture 4.0 g, cellulose 8.0 g. Trace element mixture (mg/100 mg): ZnSO, + 7H,0 35.3 mg, MnSO, + 4H,0 16.2 mg,
CuSQ, * 5H,0 3.1 mg, KIO3 0. 3 mg, CoCl, « 6H,0 0.1 mg, cellulose 45.0 mg/100 g premix.

¥ Feeding stimulant: proline, 354; alanine, 232; inosine 5'-monophosphate, 414 (mg/g premix).

*EAA mixture: lysine HCL 31.5 g, methionine 42 g, phenylalanine 6.5 g, valine 5.8 g, cellulose 14.2 g/100 g premix.
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Table 4-3-1 Nuclear and cytoplasmic size of hepatocytes of red sea bream fed the
experimental diets

™M SBM SBM+T ASBM ASBM+T P

Nucleus (um)? 3.93a3 3.65bc 3.57b 3.84ac 3.7 7abc <0.001

Cytoplasm (um)2  15.742 13.44°b 15.562 14.752b 15.042b <0.001

Values are mean = SD (n=6, mean of 150 cells).
2Values are mean + SD (n=6, mean of 100 cells).

*Values with the same superscript within the same row are not significantly
different (P>0.05)
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Table 4-3-2 Bile acid concentration of gallbladder bile and intestinal digesta of red sea bream fed the experimental diets

FM SBM SBM+C SBM+T SBM+C+T P
Gallbladder

GBSI (%) * 0.19+0.0° 0.24+0.0°  0.43+0.1° 0.18+0.0° 0.32+0.0° 0.017
Bile acid concentration (mm)* 290.6+37.2  276.1+45.8 277.1+44.6 290.1+32.3 287.1+21.5 0.834

Intestinal digesta

Bile acid concentration (umol/g)**  97.9+26.4®  74.3+10.0° 119.5+33.0° 81.0+30.1*  111.6+26.7% 0.030

'Gallbladder-somatic index (GBSI) expressed as 100 x gallbladder wt./fish wt. Values are means+SD (n=6).
2\/alues are means +SD (n=10).

3Values are means +SD (n=6).

*Values with the same superscript within the same row are not significantly different (P>0.05).
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Table 4-3-3 Hepatosomatic index and nuclear and cytoplasm size of hepatocytes of red sea bream fed
the experimental diets

FM SBM SBM+C SBM+T SBM+C+T P
HSI (%) 2 1.3620.2  1.41+0.1  1.30#0.2  1.12#0.0  1.33+0.1 0.874
Nucleus (zm)?? 3.83x0.1°  3.58+0.1° 3.47+0.1° 3.91x0.1*  3.61x0.1° <0.001
Cytoplasm (um)? 2 15.25+0.8* 13.08+1.6° 15.21+0.6° 15.08+0.7*°  15.03+1.2° 0.005

'Hepatosomatic index (HSI) expressed as 100 x liver wt./fish wt. Values are means =SD (n=6).
“Means=SD (n=6), mean of 300 cells for nucleus and mean of 200 cells for cytoplasm.
*Values with the same superscript within the same row are not significantly different (P>0.05).
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Table 4-4-1 Growth performance of red sea bream fed the experimental diets

FM*? SBM*? SBM+T! ASBM*? ASBM+T?
Initial BW (g) 9.1 9.1 9.1 9.1 9.1
Final BW (g) 23.4° 16.8° 22.4° 18.7° 23.7°
Weight gain (%) 92.8° 68.2" 77.7° 82.9¢ 86.9%
Feed efficiency (%) 157.9% 84.7° 146.6° 105.6" 160.4°

Values are means (n=2).
*Values with the same superscript within the same row are not significantly different (P>0.05).
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Table 4-4-2 Growth performance of red sea bream fed the experimental diets

Fm! SBM* SBM+C! SBM+T* SBM+C+T*
Initial BW (g) 13.3 13.3 13.3 13.3 13.2
Final BW (g) 54.3% 41.9° 39.5° 52.9° 53.5°
Weight gain (%) 309.8° 215.0° 196.6" 297.9° 304.0°
Feed efficiency (%) 91.2° 78.3" 77.2° 80.3" 81.6"

"Values are means = SD (n=2). Values with the same superscript within the same row are not
significantly different (P>0.05).
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Fig.4-3-1 Histological sections of mucosal folds of the distal intestine of red sea
bream fed the experimental diets (HE-stained). a: fish fed diet FM. b: fish fed diet
SBM. c: fish fed diet SBM +T. d: fish fed diet ASBM. e: fish fed diet ASBM +T.
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Fig.4-3-2 Histological sections of the lamina propria of submucosa of the distal
intestine in red sea bream fed the experimental diets (HE-stained). a: fish fed diet
FM. b: fish fed diet SBM. c: fish fed diet SBM+T. d: fish fed diet ASBM e: fish
fed diet ASBM +T.
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Fig.4-3-3 Histological sections of hepatocytes of the liver of red sea bream fed the
experimental diets (HE-stained). a: fish fed diet FM. b: fish fed diet SBM. c:
fish fed diet SBM+T. d: fish fed diet ASBM. e: fish fed diet ASBM+T.
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Fig.4-3-4 Histological sections of exocrine portion of the pancreas of red sea bream
fed the experimental diets (HE-stained). a: fish fed diet FM. b: fish fed diet SBM.
c: fish fed diet SBM+T. d: fish fed diet ASBM. e: fish fed diet ASBM+T.
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207'm

Fig.4-3-5 Histological sections of mucosal folds of the distal intestine of red sea bream fed the
experimental diets (HE-stained). a: fish fed diet FM. b: fish fed diet SBM. c: fish fed diet
SBM+C. d: fish fed diet SBM+T. e: fish fed diet SBM+C+T.
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Fig.4-3-6 Histological sections of the lamina propria of submucosa of the distal intestine in
red sea bream fed the experimental diets (HE-stained). a: fish fed diet FM b: fish fed diet
SBM. c: fish fed diet SBM+C. d: fish fed diet SBM+T. e: fish fed diet SBM+C+T.
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Fig.4-3-7 Histological sections of hepatocytes in the hepatopancreas of red sea bream fed the
experimental diets (HE-stained). a: fish fed diet FM (normal). b: fish fed diet FM (moderate).
c: fish fed diet SBM (normal). d: fish fed diet SBM (moderate). e: fish fed diet SBM
(abnormal). f: fish fed diet SBM+C (normal). g: fish fed diet SBM+C (moderate). h: fish
fed diet SBM+T (normal). i: fish fed diet SBM+T (moderate). j: fish fed diet SBM+C+T
(normal). k: fish fed diet SBM+C+T (moderate).
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Fig.4-3-8 Histological sections of exocrine portion in the pancreas of red sea bream fed the
experimental diets (HE-stained). a: fish fed diet FM (normal). b: fish fed diet FM (moderate).
c: fish fed diet SBM (moderate). d: fish fed diet SBM (abnormal). e: fish fed diet SBM+C
(moderate). f: fish fed diet SBM+C (abnormal). g: fish fed diet SBM+T (moderate). h: fish
fed diet SBM+T (abnormal). i: fish fed diet SBM+C+T (moderate).
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BEE  KREMMEAFSSEENRAEEEOAREE I RIETREORE

5-1 %

il

REHHEBM) & 1k & Lol RO fE A2 = 2~ A2k 59 5 L IEE ORI
FRALI DA B 2 Rm2 3 2 AN B % 50 COMMAEMENE L D Z b S
TV (Ostaszewska et al. 2005, = 5 2007), i HAFREEOERKIZIL SBM (2
BENDT N VAEEOPIRER FANF) 2K E < 5 L T0 5 AlgEtEnlis &
LTV 5 (Yamamoto et al. 2008, 4 F 5 2010), AHFETIEHE 2E LY, SBM FiK
fREHG B-RF D~ & A 2B THFIEIS K OMERRA 0 WS CHUBRAEMER A T 5 Z & 2R
L, DWTH 3FL Y Zh b B OMMRATEDEHRIZ T =V~ R L FEKICT L= —
JVATTRMED ANF 3 KRE<BE L TWAD b0 EHEZR LZ, —J7, SBM TRkl a5
FOAPREEIZ T T EORTHE, Yamamoto et al (2013)1235 T SBM E{Rfifh %
fG L7e 7 v ACEEMRBESME T2 2 EAmE SN TEY, REF5(1992) T, VE
D7 VTV T SBM ERAIEHE GRFIZA U RERRIL, IBEOMEEWIRE O T
DERTHDLAREEDREIN TS, ZNHDZ D, v XA R=U < AIET TR
< SBM FEARf k2 #5 5 L 72 25 T3l U CREME OELRIPEE O N ICfHE S &
HEENEC TWDAEEENE 2 DD, L Lansb, BIEMAIZHBWVTIX SBM K
FRIEHKG G- IRF D AR PRIEE ORI 7273 5 SR B AHIT B G- 7 5 EEES 23 1T 2 5EM 72
2 BREHRIZ E A ERINTE LT, WKkA LEMTEL D AEBREEICBIT S
FE 7R LSRG & 72 SNTWRR VWO BBUR TH 2,

Z T, AETIIBEMAISRMAIZEBIT 5 SBM LAAEN E#ZHHT B b 2 L fasi
A~ RZIFE T BTG T 2F 2 B E L, SBM R 2G5 L=V~
A, T=ARBWICT Y OfFlER L OIHER I T DI DUV TG L7z,

5-2 FrEbE ik

R AFTIL, 3T TERERBREZT - 7o, FRBROEBHIL R & O ik
DHATIETILL T D LB TH D,

R 5-2-1 KREMKEESEZHEE L RKBHEA= VU~ R T RIETEREED
MR FHIRREE S HRATEHX & U Tk TREEHX (FM X), HiAROINEVLEE 3 7 SBM
(H{EARLETRAERY) 2 2 o7 B & L7 RER BRETEX (SBM X) #HEL
7= (Table. 5-2-1), @Bl CTHIE T DOREAM 2 F% L 272 DMHT I/ Ma Ak
XCHEEAML, M /37135 40%, HAENIEHR 16% 7% LT,

RER 522 KEMMEEREFE LGS LI RKEHEAT ~ I RITTEHEE OHE
RRFHOPEER  BUBRAELC & U Ty ARETEHC (FM IX), il O i 3 7~ SBM (H
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TEIACEREHERD) 2 =4 L X7 B L L= Rk EAREEX (SBM X) #fE L7
(Tableb-2-2), fEFX CTHIELHF ORFMAFE L T DI ONHET I/ B2 5 fEHX
THERINL, MY /37138 46.7%, HIENIRIZK 10.0%I5HH L=,

RER 523 KEMMEERSEZHES LIZEERMAT VIR TAHEEE OMS
FHOBE ABRETEIX & L TR EEEEIX (FM [X), TiROMELEFE 2 SBM (H
TEIACEREHERD) 2 =4 L X7 B L U= KRk EAEEX (SBM X) #fE L7
(Table5-2-3), AfEHX CHIEIH OREMZ [R5 L T 5 OMHET X/ Ba K EEHX T
RN L, H& 237135 50.0%, HLABMRITR 15.0% 2775 L=,

M KRB oAV ERAIIU To LB ThH D,

RBX 5-2-1 BB IREEHRAEY T2 = ¥ ~ AHEMA & IR ZE AT I T & D E kT,
53 72K A i L7z 1500 DAL E = AV BUKMEIZINA L, TiRfAE T2 £ ToOHr AR
5% % 7 AN Lz iR ofg Ak (A AR GEEHER) 218 2FEETHET
WwHLTEbozfaa s L,

?ﬁm"?ﬁs 2-2  (M)KFEREWIEE & — B FEMFEITIC TIRREIE L TV S IIRLR T L e

& ZHIRER RO MR O 2R LA £ CriiREE TR L, BBRIZELH
1L, ENZIUC FM B8 KOV SBM EAREEHIK 2 BB Lz b oa sk L Uiz,
RER 5-2-8  EAHIRIPCERAE SNT-E T ¥ a2 @A R FIKBERE P EICIEERE,
o7 AK A i L7 10000 ARFEIZINA LTz, THEIE T 5 £ To 8 #fH, ko7 Y
RfAElE 1 H 1S L b oz fgila s Lz,

HE it

REE 5-2-1 1 RBRXITHOX 600KIHA 2 O {E L, LHAE 18g D=~ AfMA %
48 BRI Lok, AelBRfakt 4 10 MEfa G- Uiz, fIE/KIT 1 50 40 oK E L,
FRER I M D& AKFE OKIEIT Y 16.0°CTh 72, #EHIE 1 W 6 AR, 1 HIC 2
[, 8:00 & 17: 00 IZf3RTHE CTMEICLDBBBEHEIT T2,

R 5-2-2 1 fAEHXIZ DX 1500kl %2 3 DR E L, & /KMIZIZEHRE 7g Ok
L7z7~= 60 BEINA L%, &ulBrfietz 10 BEGE Lz, fEKIT 1 2 40
DEFKEHE L, #ERPOFEKIEIT 15.4°CTh-o72, T 1 M6 A, 1 H 2
[, 8:00 & 17 : 00 IZfadR 35 F CRMEICL ARG ZITo 72,

B 5-2-3 1 EHBHXIZD> & 10000FRP BUKE A 3 OFkiE L, & /KA I3 FHIAE 188
g@7jmﬁ%2m%mabt%,%ﬁ%ﬁﬂ%SE%ﬁﬁbtoﬁ%%%¢®%m@
OKILILFHLERFT 23.1CTH VD . BBRRRE & HTKRIFME T L, & T2 18.6C%
AU, R 1AM 7 HE, 1 HIC 1EETY, fAEHEITARERED 2% EHIR L7z,
V7Y T HER LOHEBERDERIGTE AR O M3 MHIRTC 48 ReffE &
SELBITY TV T BTV, B L TIREZ M L7 tg, AT S st 2 L
7o H U7ZIBgR 0T 10% PP R/ AL~ U > (pH 7.4, FoghisEs®l) (2T
[EE Lictk, WISV Z ) — )V RIITHARE, T 7 0 2aL, 3720 LiE5
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pm QY EER LT, 2L C, 20U EZ~v AP —D~v hFT Ly Ff v s
Z i HbE U CORFBEMBE CRIZR L, ods, o 7Y U 7RSS T o F N TEEL
L, ZOREITHE 5-2-1 TIXERBRXIC o= 8 K%, ik 5-2-2 5L 5-2-3 TIX
AR O E 9 R ZEIL L 7=,

AR D L MR EROHE & EIT AR BT, BMET o2V 2T A
Moticam2000 (& HH b 2ttt i) 2 v PR LR D82 Bt & Ml B2 2 Hl L
7o BEAR LOMBREROENC S 7 > TIRBREEHXIC L > T PR b FEhie i
L VENERT D - OERIIRO—FBEVES E, MIERIIZEEZB Y EO—FREW
Wy E TN TNEOES & Lz, #HlHE RITRABRKE O B0 EL i+ 5 -0 H &
KAE B% T t MEZAT o7, 7235, NFHIRLOFHAEIIEER 5-2-1 TIrIEA4IZ 100 Ak
DI ER & ME B Z, WBR 5-2-2 TIXEREIC 150 MlaDZER L 100 Hifa O
fg B %, WBR 5-2-3 Tl 300 MEOZER & 150 Mt oML Btz it
L7,

5-3 fER

RBR5-3-1 KEMMHEEREEZHEE LYK BHA = U~ AL KIZTTAEEBEE OB
FHUFEIE

IBE R ERMARRE  FM X CIRREIE bR o0 78R Bk B 2558 0 b, ke T
B EL Y A A TR EWE Th DI IABIELZE RN TFE LT (fig.5-3-1a), F5IE
R HANE U EFI L, RS ERGIR OB IE A~~~ R U A UTe, REREEE
B8 OIEIEEIT, A D e HUEIE TR S, BUEE oGk IZ= A v
TERI N A B 7= (Fig.5-3-1c),

SBM X Tl FM X T B AV RO BITIE & A RO ST, BYii
HIHEZERR HIE R LT ie, 7 Rh R BRI PN I IR 0 A B 22 R il A1 3 AR AT RE
PRkE % IR IRIR e U T2 ZE RS AN RS L Tz (Figh-3-1b),  KER[E A 8 0 FEEEE ¢
I, BuERE OB EWHEOIE AR Bz (Figs.5-3-1d),

FFigERRE  FM X ORI TR X = A4 o o if e U, ME IR 2R
TR T D BTz (Figh-3-2a), ZOBIRITERE 2V LIZEHE T, ~~

U LTI LT, SRS RS C & T, ATHERR A LI 182 L 7R AE C R
R L, ROBBRICITRMERZ A9 2 BMIME SFE L Tz,

SBM X TIIATHIME OMIKE 1T A ThE < Yt S, AFHARR 24 TITmE o
AN RO AR O SR RAE E [ ELU A AE U Cunie (Fig.5-3-2b), AFHIIE ORI IR A3
AYJ—T, ~~ FF UL UACRREL, BRELZEZ LTV AIFMRS 257 O b,
AR O E £ FM KIZH_RTHEIZ/NE Do 72 (Table 5-3-1),

HBR5-3-2 KEMMEEFEZEE LIPOKBEAT v JICRITTEREE OHRT

59



HFaER

IHESERRRE FM X CiX, R Rz AL O WEBER w2 E RO i, ME T
IR BBV A A T2 R WE Td D EY AR L ZE a3 25 A 7= (Figh-3-3a),
FERRE B Rz AR AN E U < BB L, K5 ERZ IR ORZ I~~~ R U ThF g LTe, #h
B 8 DL ERIE, G & 72 DU e TR S, BT ofE SRRk IC T =
BRI A B ivTe (Fig.5-3-3¢),

SBM [XCIIRME - R pa OB R i CIEMMERITIHA L, Blid~~ FF T LIk

SIBYL LTz, KERE B RHIAL NI IR IOMAE & 138, BV IABTE L ZE R 25851 23 A Al
etk % IR 2 LT BB B, ZAUC &0 R Bl in O BLS TR = < ELiv
Tz (Fig.5-3-3b), FAME[E A JE D ILEH T, g OSSO NS b LT
(Fig.5-3-3d),
FrigAaRRE: FM X OFFfia CIIFMiaoMaZE x4 > ATy L, MiaENIEsE
SR Rz S Tl o BT (Fig.5-3-4a), IFMIIAOEIZ~~ FF T L iz
B Qe s, AR LTz, £, MRER I8 LT, HkEEEA ORIk
Mg & R L T,

SBM X Ci, FFHIIEORIZZEMRL, ~~ FF T LA REa S, —Eo Tk
RO LNl THROMREITZEML, =4 U IZRELTEY, —HoOlF
AT FM XK TA LN EEEENRO b7, RREEICILNNE LTV
(Fig.5-3-4b), AR DOZER R L OMIRERIE FM X & ORICA B ZITRD bivieh
- 7-(Table 5-3-2),

HER5-3-3 KEMMEEFRZEE LI EEREA T VIR TEBEREEOMBR T
it

JEE R  FM X CIIREE bR o MR T B AR L, R NI iE s
B AT REBE T DI AR IHLZE R0 38D 7= (Fig.5-3-5a), £7-, LZH
FOPIZIZEERLR T A S SRt D & o X 7 EREWE (PD) 7S 2 & AL 7=, R A g o

FEIREBIL, FEGHHED & 72 DH8UE 8 TRERL S, U g OSSRk IS I3 = A o RIS
57 (Fig.5-3-5¢),

SBM X TIE =Y~ AT v A Th b AV TE OTE RORG 5 L BHE C oAl fd T
{EARBACPE 5 KIUZ2faZebt, ¥R A T8 O FE RIS 35 1) 2 BB T8 O f A% o 1 2B 1358
D B o 72(Fig.5-3-5b, 5-3-5d), — 5T, Rl ERAIIRANIZIT = A4 > IR
LR PD DL EICHEEE L TV DB ZBO bl
R FM X C i, FFaOEREROBREZE L, B~~~ R LA L
Fﬁ%%iﬁﬁf%k@gﬁ&%kE%@®%@Eﬁiﬁy/ \ZaFgE L, Hﬂ%@ﬁ
FVENICITREBERE A ST A ORI EZ B L7222 ladgi s iz, XA

uﬁbfﬁﬁ%m%ﬂWLTWko
SBM X CIIAFHIREIAZ IR MG 2 £ o T PR O ZAE AT AL, —EBO T TIIAT
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IR DI TR HiT=(Fig.5-3-6c), F7=, FHIIEOMIE ICIXRBEE A ~T 220
PEE A ERBO BT, NI IR TITMAE O ZFEME IO PR OIRIE 2 & DN ZRIR
MG DELNDEL TV, ok, RO EELS LOMRERIZIFM K& OMICEE
TR B o T2 (Table 5-3-3),

54 ZH8

Ostaszewska et al. (2005)3 L OV T 5(2007) Tix, NFM fidlkh<> SBM Rkl 2 45
L7 =V~ AT ZENE L D Z E2lE LT D, REICBWT HRbR
5-3-1 12C SBM fAl 2 #a5- Lz =~ A OIS IFRIR OZEHE 21X U b & L7-Hfk
EPENFEO L, Bk 5-3-2 TIXFE CHRKADT ~ I TRIBROMMEMEZE L D Z &R
R ST, WiFLBE CIIHF A 21X U & LR ENE T 5 2 L ClHFEFRF O ERE
HHETH D a— /1 EE(Ctaw) DEIG &I O C-tau AERKIZES 35 12 o -/KER(LEE
FEENME T2 22NN TE Y EED 1976), =Y~ ATk SBM LARfREHA G-I
24 U B AT ORI, 12 o KER(LEESETE MK T L, JRZEEH O IR
C-tau O 58 2 EIE MR35 ATREMED RIR STV D (Yamamoto et al. 2007, & F
5 2007), —Ji, ARWFSETCIEE 2 =LY, WEAD~Y X A2 SBM R SR A1
HLUTESEICII M CHEEMZ IO & LT-EEOMMBEENE LD Z L 2R L,
AEDORER 5-3-3 TILFE CHlPER DT ) TRROMMEMNEZ £ LD Z & AR S L7z,
Takagi et al. (2002)TiX, SPC EiRfiklz EHIRG G Lz~ & A CIINREFR OfRAH
WENBDT L2 EaWmsE L TEY, R 5(1992) Tk, SBM ERfEAEHGGRED 7Y
TH LD EEMAROIK TIL, IFEOHE IR TR Th 5 Araetk 2 ®E L T
Wb, ZNHDZ b, SBM EREE ARG LI & RETHA TSI OAMRZ M
£E 5 B K O ER O LR B K- C, I TONRE ORI AR R4 T 5 ]
REMENRB NS,

Ostaszewska et al. (2005)35 KL UK « [L1A(2004) Tlx SBM LRkt 2555 Lz =
U ANLE NG ORI E Rz A OGBSI Y JA B THAL 22 R OV e & QNS KRB 22 [ 73
AR TR T DA TERNE LD Z LA ME L TWD, RETITHER 5-3-1 12 T=
~ AD SBM X CREROMAAE M Z R L TR, Wbk 532 TIET <~ 2BV THIA
HROMBEMERE L 5 2 &3 R S N7z, 44 F(2010)TlE, SBM iRk 445 L7z
=V~ ZADIGE THE L D K2R 28 M O BRI IR bR HE OB E D K 7e 5 Y
(ZHBRE R OFEAR BRI D HILRIEE DK T CTh D Z L2 LTS, —F,
FRER 5-3-3 TIHEEAD T VIZBNWT=U v ART v~ A THRO LD K 9 2 E DM
KD REIZERAZEVEIZ I B AL DN o T2 A8, 5 B2 IR NI C FM K Tlid A 5
IRNREID = A o L PR YL TERI S SRR S Tz, MEPEFA O DI LR T,
RN A YT DB DERD DAL, T D IIMEOSIERIC X 0 B iA
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FENTAEL D & R EBIRNE LRI RIS SR b ot HES TV D
(30 1984, $nAK 1993), 7o, ERMIRNICERINT=A v U AF R a1y
BHRD T AV — B0 IIKRGRES I, RAENCERITHELIN D 2 EnmbinT
WD 1984), —J7, 8K « 1IAR(2004) TlE =~ A2 SBM LAk 2 #GE 5 &
RN O IR ST T A V) — ADFENE L EL L, FHIUTfE-> TRM
ZEREVEN A T TV D AEEMEZHE L T0Dd, b0 &b, SBM ERfikl % ik
B U2 TH, fENO Z X7 B EZ 1L U & Lo EBME OMBANHEED
BAEIZPE, IBE O ERINGE I MK T 2 AIREER B 2 b b,

SBM ([ZIZRFHDENOREBNRBNEEEL H X5V HR=", A VT TR ZIZLD &
L7z ANF BFET 5 2 EDMER I TH Y (LA 2009), SBM E{Lfalhis 5-RFD =
v ATHU AR ET SBM IZE EN D 7 v a— L alEtEo ANF NERTHY, 2
NoERETDHZETHHEBEENKEIND Z ERRE SN TS (Yamamoto et al.
2008, = T 5 2010), AW TILH 3 EL VIEAD~Y X A 2BV T SBM # 7 /L a—
NPT H 2 E CABBEENUEIND Z L 2R L, =V~ A LFEERIZ SBMICE E
DT Na—VAEMED ANF BWEHEBEEOERICEEG L TWD H 0 EHZR L TV 5D,
%72, Nguyen et al. (2011) 137V OHEAIZ T Va3 — L Lz SBM KR 2 6 5-
T % Z & T SBM EREEHG SR A U D R A R X ONBE RGN 31T 2 ElRE R TS
PEd L OMEIH RS A BEOIR TR ESH, 7 a— it A N HIRINT 5 2 & T
SBM FEAREIEHG GREDIEIRNHHIND Z 2 HRELTND, TNHDZ L, &
FEAATEIC IS 1T D SBM ERETEHS G-RFICHE SN D ERR 7 & N AR O 2K
(1Z1E, SBM HI3ED ANF 25 L TWAAREERH DL D EE XD,
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Table 5-2-1 Composition of the experimental diets for red rainbow trout

FM SBM
Igredient (% wet weight basis)
White fish meal 48.00
Defatted soybean meal 4.40 50.26
Com gluten meal 2.00 17.80
Wheat flour 16.00 10.00
Fish oil 6.79 9.54
Soybean oil 2.86 1.36
a-Starch 6.00
Lysine HCL - 1.67
Methionie - 0.48
Betaine - 0.50
Mineral mix! 3.00 5.00
Cellulose 9.70 2.14
Constant components?2 1.25 1.25

'Yamamoto et al.(2007).

?Vitamin mix (Yamamoto et al.2002),0.50; choline chloride,0.25;yttrium

oxide(10%),0.50g/100g diet.
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Table 5-2-2 Composition of the experimental diets for amago salmon

FM SBM
Igredient (% wet weight basis)
White fish meal 51.00 5.00
Defatted soybean meal 4.50 52.00
Corn gluten meal 3.00 20.86
Wheat flour 24.00 8.00
Fish oil 3.79 6.69
a-Starch 2.50
Vitamin mix! 0.50 0.50
Choline chloride 0.25 0.25
Betaine - 0.50
Mineral mix! 3.00 5.00
Cellulose 6.96 0.70
Yttrium oxide 0.50 0.50

Yamamoto et al.2002.
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Table 5-2-3 Composition of the experimental diets for yellowtail

FM SBM
Igredient (% wet weight basis)
White fish meal 65.0 34.0
Defatted soybean meal - 42.0
krill meal 5.0 5.0
Liver oil 8 10.0
a-Starch 10
Lysine HCL - 0.8
Methionie - 0.5
Cellulose 6.0 1.7
Vitamine 2.0 2.0
Mineral 2.0 2.0
Carboxymethyl cellulose 1.5 1.5
Guar gum 0.5 0.5
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Table 5-3-1 Nuclear and cytoplasmic size of hepatocytes of rainbow trout fed the

experimental diets

FM SBM P
Nucleus (um)*2 6.2+0.2 6.1+0.3 <0.001
Cytoplasm (um)12 15.0+0.62 12.4+0.5> <0.001

1 Values are mean + SD (n=8, mean of 100 cells).
?Values with the same superscript within the same row are not significantly
different (P>0.05).
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Table 5-3-2 Nuclear and cytoplasmic size of hepatocytes of amago salmon the

experimental diets

FM SBM P
Nucleus (um)®3 4.99+0.1 5.13+0.4 <0.001
Cytoplasm (um)23 13.8+1.2 13.0+0.4 <0.001

1 Values are mean = SD (n=9, mean of 150 cells).

2 Values are mean = SD (n=9, mean of 100 cells).

*Values with the same superscript within the same row are not significantly
different (P>0.05).
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Table 5-3-3 Nuclear and cytoplasmic size of hepatocytes of yellowtail the

experimental diets

FM SBM P
Nucleus (um)®3 3.24+0.1 3.1+0.2 <0.001
Cytoplasm (um)23 9.3+0.5 8.8+0.6 <0.001

1 Values are mean = SD (n=9, mean of 300 cells).

2 Values are mean = SD (n=9, mean of 150 cells).

*Values with the same superscript within the same row are not significantly
different (P>0.05).
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Table 5-4-1 Growth performance of rainbow trout fed the experimental diets

Fm! SBM*
Initial BW () 185 18.2
Final BW (g) 80.3° 58.4°
Weight gain (%) 333° 220°
Feed efficiency (%) 102 83°

"Values are means (n=2).Values with the same superscript within the same row are not
significantly different (P>0.05).
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Table 5-4-2 Growth performance of rainbow amago salmon the experimental diets

FM* sBMm*
Initial BW () 6.96 6.96
Final BW (g) 37.7° 24.5°
Weight gain (%) 442° 252°
Feed efficiency (%) 107° 92°

"Values are means (n=2).Values with the same superscript within the same row are not
significantly different (P>0.05).
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Table 5-4-3 Growth performance of rainbow yellowtail the experimental diets

FM* sBMm*
Initial BW () 188.2 188.3
Final BW (g) 324.1° 283.8°
Weight gain (%) 72 51°
Feed efficiency (%) 64.7° 48.4°

"Values are means (n=2).Values with the same superscript within the same row are not
significantly different (P>0.05).
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Fig.5-3-1 Histological sections of mucosal folds and the lamina propria of submucosa

in the distal intestine of rainbow trout fed the experimental diets (HE-stained). a,c: fish
fed diet FM. b,d: fish fed diet SBM.
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Fig.5-3-2 Histological sections of hepatocytes of the liver of rainbow trout fed the
experimental diets (HE-stained).  a: fish fed diet FM. b: fish fed diet SBM.
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Fig.5-3-3 Histological sections of mucosal folds and the lamina propria of submucoa in
the distal intestine of amago salmon fed the experimental diets (HE-stained). a,c: fish
fed diet FM. b,d: fish fed diet SBM.
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Fig.5-3-4 Histological sections of hepatocytes of the liver of amago salmon fed the
experimental diets (HE-stained).  a: fish fed diet FM. b: fish fed diet SBM.
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Fig.5-3-5  Histological sections of mucosal folds and the lamina propria of submucoa

in the distal intestine of yellowtail fed the experimental diets (HE-stained).
diet FM. D,d: fish fed diet SBM.
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Fig.5-3-6 Histological sections of hepatocytes of the liver of yellowtail fed the
experimental diets (HE-stained).  a: fish fed diet FM. b: fish fed diet SBM.
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BOE KREEL

1. REWWHEFESLEE L REAKE CA L 24AHEEDER

WK D =V~ AT KREHSBM) Tk 2 2 TR L FEEIINFM) 246 59 %
&R E ORI HECIEH O B A2 7R3 2 B8 % 5080 C DR M2 A4 ©
LIEDMESINTEY, ZN0OAMEENEEREDKR FZo EEZTHRTHD
FHEME DN RIR LTV A (Ostaszewska et al. 2005, & K6 2007), AHFZECTliE, SBM
FEREIEE R LT = U~ ATB W THEICH - 2B %R X OWFIE T OMARZE 1
ERHERT D & & BT, T TR TR T O E kAR B 2 R~ 9 2 R 2 &
U T2 FEMEZENEDS, I 4350 CHEE D THLIRINAR B & e - 2 KA Z2 fu 25 S ffead S A7z,
—J5, WFERDT YR~ X A TIENFM kRl G O SBM AR 246592 L
KD =V~ AL FERRICEBREME T2 2 EBnWs STl Y, BHMGS Ukt
TG A I Rt 2 B DREIFEZ 4 U5 2 &R HlE ST b (EA 2007, 71N
2010), AFZETIET VB IO Z A IZBWTHREICH D X 9 ZAHEILRD b h
S7273, SBM EREEIZ GG Lo 7 U T, ISRk ChPMia O =M A1 % iR L,
RBEZE TILEZ X7 B OV LRI AR B 2/ 5 = A4 o LR R O E 23580 ©
iz, DWW T NFM EEHG 5 Lz~ 2 A TR BV T 7Y & RERIC AT ZE
ME A DR B AL, RS 3 WA CIE AR L O 2 5 X Ol O iE N o 7€ — 4
VBRI D B DD 3T B AT, BB 73 W CREA S LD BERIZIZ Y N—EB &2 IZ U
ELTEHEBESEN G ENLERMONTEY, 205 b U N—BLAFOIEAICEL > T
FEI D2 < IXZE DO E EFE ORIENLRINEND Z LR 0o TEY, AETHREED
HAE « BIATHORTNDH DO EEZ LN TWAUE 1977, /INE 1991), 2 bHD 2
LD, SBM LREE A AT Lo AETIE, IFHIIOZEMR 21T U & LB e
B0 % AR OFARRZSME IR 9~ 5 MR 36 L OV R LEER O AR B, 72 5 N
BIZB T 2 REBMHE OWALRINEE ) DIR T FIC X D REREENEL TWD ATREMENS
z bbb,

2. KEMHERFLRZHBE L~ F (IR 2 AHEEEICES T ER

=V~ A TIX SBM LAREREHA G-HEC A U 5 AFRREE X SBM 76 7 /L 2 — Uil &
NHWEAR) ZfEHIIINT 5 Z &L THE IS Z EAME SN TE Y (Yamamoto et
al. 2008), & F(2010)Ti%, SBM & EN D T /v a— /Va[iEtEk D 5 B, KEH R
=VBIOA YT IR EIFILDE LEFRER T (ANF) S EBEEICE S LTV
AIREME A A LT D, $9E, SBM TS L RO REBRBMICEEL 525
PURERTANPDAE EN TS Z LB TE Y (Francis et al. 2002 &K 2002),
FJETIX, SBM M L TR S D Bk T & 2 7 B (SPDX° SBM % 7 /L =
— VP LB R E 2 7 B (SPC) /e &, ANF OG5 H EAIK< L-faeh 3Bl « Fl
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HAENnTnaUE 1992), ABFFETIE, ~ & AI128\C SPI Rk 54 LA T
1% SBM E{REEHG G-I & [FIER I gt L QMRS 53 WaiRERR O A 2378 & BTz
23 SPI % 7 v 22— ki LT EHASPDR°, SPC KRR TIX 4L b ORMRRZEMEN K
BINDH I EEMER LT, & T (Q010)72 5 WNIA T 5(2010) TlE, =Y~ AIZBNT
¥ SPI FREE A fa L L7356 TITAEREEN AU 505, ASPI 368 LU SPC FAREE}
TlE, TNOLOEHEEENSEIND Z ERFESNTND, ZOZ b, SBM I
IREEL &2 485 Lz~ XA TH U SAEHEBEEIZIISBMIIZE D 7 v a2 — Vel ity
WEE L TWAAREMENRE 2 Hivd, IRWTAIFETIE, v X AIZB8WTT b a—Lk
L7z SBM % ER & L7 ETEHASBM) % #6 5- L 7= 556 ClIMTlEs & OSSN 53 Was#e
MROMBZEMEN S EESND Z & MR L, ASBM ORI L2 AE % FE AR
IZHINT 5 2 & ¢, SBM TARfAEHG G-I & R OMBEENAE T H Z L 2R LT,
INHDOZEND, WEMDOXAITBWNTY SBM IZE D T /v a— LAl EtER Sy
X, AEEFEICRWVEEERITTIENZLLND &L HIZ, ZORBOERIZIIKRE
PR=VEBLOAS Y7 IR 20D E Lz ANF OfFERR B G L T2 " REMEN
Exbivs,

3. KEMWHEEFLZHE Lo~y 1 DABREDOKE

WIERD~H A TIEF TV COAEEGKIENNZ L, SBM #ZLHE LizZ v v
EIEEAEEERVERCELIRERARIIE, RETDIX V) U 2METHZ L TH
FIND Z ERHE SN TV D (Goto et al.2001, Takagi et al.2006), AHF5E Tix, SBM
2 ) CERIMUTCERE 2~ X A5 T 52 & C, ERMAEEIND Z L2
L, NFlEds & OWENSS ik, IR E S o B S, IRlaN o FE—5
VEERIOBNHENINT D L EMR LT, 202 NG, XU U RINCIE SBM fEHG
HRsDO~Z A THEUHAEEEIC LT EOREDRE LI DT AREMENREZ 2 5N
5o —HT, ABFFETIEZ 7 U &ML SBM EAfE 285 Lz~ A 1B\ T
b FFREREARR 35 I ORGS0 Wil AR A ME AN E U TV B EIAR N BT 5 2 & 2 fad L
72 FIN(2010)TiE, R UHEBEAD T VIZBWTH VY % 4.5%0ML7- SBM B X
O SPC ERfkL 2455 L T & Mk EREEHG G- & [ O E MG 6 nena
ZHELTNWD, ZDZ & SBM EREEHG SR D~ 4 A TH L D2 ABEE L 7R
IZET DTS 7V COREIET TIEIA o Th D aREER B 2 b b,

KD =V~ A TiX SBM falEHG GRHCIIRER R e & NTIRD 5 iR &
DT 2 2 ERHEINTEY, HHFEEAS Th D ¥ U nr a—LEE(C-taw) & IINT
HZETINGOEREENLESIND Z ENRHRE SN TS (Iwashita et al. 2008),
—J, ~ & A Tix SPC ERfEHZ BHIMKG G L7c S ITITNED 5 o ORRIRYHE B3 8
DI B L ERESNTEY, [FUCHEBEADT Y Tl SBM IREEHE G- 7 Rl
DK T & & BITIRE OWHERIERAME T LT 2 ATREME 2SS S 11TV % (Takagi et
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al. 2002, ¥ 5 1992), AHFFETIE SBM AL 2 #65 Li-~ XA IZB W THHD 9
oD AR ERTE E DK TIEERD by - 7273, C-tau Z ¥ L 7= SBM LR & 465
T35 LT, HBOMBEENSE SN, o ) EET SBM X & A TEVMEZ R
TIEEMEER LT, AT, Ctau & ¥ 7Y U Z2ZREHERIN L7 SBM EIREE 2 #6
5422 LT, lEARRZ D ONCHRE & OWERI s oA N g SN b Z &
EHER LI, 2D b, SBM EERERHZZ 7Y A XD 5#MEL Lz BT
Ctau ZIRINT 5 Z & T, v ¥ A OAEBEEENUESNDATRENRE ZHILD,

RE, AR TIE~FAICH 7 ) &R LT ASBM LR 24545 2 & CHF
figids L OMERR SN i 2 3 1T 2 EARZSMED s S, IR N O T — 57 AL D &3
W45 Z & 2R Lic, 3 CI2 2 REMMERER 25 Lic~v X A28 T 248
pEEE B9 B B Tk TR R A & 2 THEA D12, SBM EA{RfREHG 5RO~
FANZRBT HERBEELLET DL, V) R EORET HRERSELHHE LI B
T, T/a—LaiEHEORE ANF OFBEZRTHZENEETHLI D EEZ D,
WPERICBIT 52 0 ) v/ RiZ & ANF OB HOWTIE, [ ClERD T VIZBWTE
BlA o SBM ERFAEHI X 7 U U &2 SIS L THER & RSO RIIHE NN
EEHELTERY, ZOHEKO—>2E L TKE ANF OEEL T T 5N 2010),
YoOKBIZRWTIL 20 RKEMMFEEREE G LI~ X A28 o 4AMERICEAET 5
R THRRZEY, =P~ ATIEIRG YRR V7 TR BII LD E LTV a—
JVATENED ANF O BN EHEFEICRESEGELTVWL Z EAmEIN TS, Uk
D EMND, BIAIZEWT SBM & O MIFE & i OB EE L THERT 51
ITREEELZG SR TERKTHD ANF OFBLZRT 5 2 EnEETHY, ZhZE
TEOFITHE LN E SN TEWEAIZBWTHEZ 7Y U POEERNTERTE
RUVVREBRFLME LT LT, ANF OZELZVERT 2 Z & TREORFER L LT
SBM Z {5 HC& 2 A[RetkEniE 2 b iz,
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C:3 )

F AR O TR TH LA IR ORI ER S TRY, 2O REFEEELTL
i CHEE RN ZNZENBREM (SBM) 2EH I TV, LML7ZRAS, SBM {4
B GG 5 LI A8 TIIREAR RSN B E NV EC L ZED G2, T
BoOEREIEL TR 27201203, TOJRROHEHRL NI SER OB P SHELEN T
WD, £IT, AFETITRMRERI OB O BT 522 AR L L, SBM # Lk L
U 7P RO R 2 76 5 U 7o A RAEERE O AR B TR 70 & DN T OB R
ARSI L7z,

1. REMHEARFE LGS LCREAKE TA L ABEREEDER

FIHFA DY I L OVMEER DRI R BFRIZ I T SBM AR 245 5 L 72fs &,
BAKRAD =T~ 2B L O ~ I TIIAHMIE O ZEE, 158 %5 TOIRE OHEERINA R %2
RIS % RAUZERAANED TR B LT, MPEFR D 7 U I L O~ & A TITATHINE O ZEiiE 1378
DB, MATT U TIEMGEEERO KR _ERGHIE T & 27 B E ORI R &
RIS % KA Ao R YUBERINN, ~ & A TIIHENRS N 3 WAEH O AR 2 ZERE AP 378 8D
bile, TnbDZ &b, SBM ERERZHE LM T, IFilRoZERzIT T
O & U7z R AN B0 2 T2 fistas DA VEI S R 9~ 2 M3 K O FRTH LR O
ERARR, 72 b NG EICB T 2 REBEWE OWHLRINAE /) DIK T EIZ X 2 REREENE
Lo eEnBERBNI,

2. KEMHERFERZBE LIz~ BT 24EEEICEETIER

PO =T~ ATIiX SBM EREEHA GRHZAE U 5 AR EICIIREICE ENDY
R RV T7 IR HIZUDE LT a— VRO ER T (ANF) 23395
LTWSZERHLMZENTWD, —F, WEMTIE L. KEMHERERZGL L
TR CAE U A AR E ORERK L 0 AR E T EERaE OMBREMIC L v AT
LZbDEB XN, Tb LA &R ITIREMEDOMINIIZE > T, 22T, «
KA ZWPFERDETT VA —A L LT SBM EREIEHG 5-RpZ A U 2 PRI E O EIK % R
ALz, H—0ORBRE LT, ANFOEHEHK LIfEHERTh 5 0BERE & o)
78 (SPI : SBM %AW L CRHY) |, IRMERE ¥ 378 (SPC: SBM #7 /L=
— L L CREY) | 22 5 NS SPIL 2 & BT 7 /b 33— LT ko THelALER 2 i L 7= fil
(ASPDZZNZEh~Z Ak E Lz, TORER, 7 a— il L7z ASPL B LW
SPC AREIEFCIL, TFREROMFRZEEICUEIR N H D 2 L AR LTz, H_0RR
TIE, 72— P4 L7z SBM (ASBM) 73 5 TNI 7V o — )L S i-mE
(AE)% ASBM |[ZFEVIN L -tz e 2~ 2 A 12fa b Lz, £Of5%, ASBM
IREREECIE, ITREIR O ZNEZ — B OBEEN RGO H i, AE ZHERNT S Z &
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TR B WD AR TEOFRMENRO bz, 2D &b, HEAIZBWT
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A study on influences of soybean meal-based diets on physiological disorders in
several representative freshwater and marine cultured fish species and
improvement of the disorders

Summary

Soybean meal (SBM) is advantageous because of its low price and high supply, and
is gaining attention as an alternative to fish meal, the main raw material in
cultured fish diets, because of the high price of fish meal. However, feeding fish an
SBM-based diet results in poor growth and physiological disorders. Therefore,
understanding the cause for poor growth and developing measures to improve
growth are required to utilize SBM as the main raw material in cultured fish diets.
In this study, I histologically investigated physiological disorders of several cultured
fish species fed with SBM-based vegetable diets containing no fish meal to help
develop a diet in which fish meal is replaced by another material. I also studied

methods to treat these disorders.

1. Factors of the physiological disorders that develop in cultured fish species fed
with soybean meal-based diets

Several representative cultured freshwater as well as marine fish species were
fed SBM-based diets. As a result, in freshwater rainbow trout and amago salmon,
hepatocellular atrophy and vacuolar degeneration in the distal intestine, which
indicates indigestion and malabsorption of lipid, were observed. Hepatocellular
atrophy was observed in marine yellowtail and red sea bream. In addition, in
mucosal epithelial cells of yellowtail, large granules densely stained by eosin in the
distal intestine were observed, indicating indigestion and malabsorption of
protein-like substances, whereas atrophy and degeneration were observed in
glandular cells of the exocrine pancreas of red sea bream.

Therefore, these results suggest that fish fed an SBM-based diet develop poor
production of bile and various digestive enzymes caused by tissue degeneration of
major organs involved in nutrient metabolism, such as hepatocellular atrophy and
nutritional disturbance partly due to the reduced capacity of the intestine to digest

and absorb nutrients.

2. Factors involved in physiological disorders of red sea bream fed a soybean
meal-based diet
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It has been revealed that the physiological disorders of freshwater rainbow trout
that develop when the fish are fed an SBM-based diet involve alcohol-soluble
antinutritional factors (ANFs) including saponin and isoflavone contained in
soybean. In contrast, although it was assumed that these disorders were caused by
major tissue organ degeneration in marine fish fed an SBM-based diet, the
substance that caused the disorders has not been identified yet. Therefore, 1
investigated the factors of the physiological disorders using red sea bream as a
marine fish model. In the first experiment, red sea bream was fed a diet in which
ANF content was reduced, such as soy protein isolate (SPI: purified by treating
SBM with dilute acid), soy protein concentrate (SPC: purified by washing SBM with
alcohol), and SPI washed with alcohol (ASPI). As a result, the diets based on ASPI
and SPC that were washed with alcohol improved tissue degeneration in the
hepatopancreas. In the second experiment, red sea bream was separately fed SBM
washed with alcohol (ASBM) and ASBM again added with substances extracted
from the alcohol wash (AE). As a result, the ASBM-based diet resulted in less
hepatopancreatic tissue degeneration, whereas addition of the AE again led to
proliferation of tissue of hepatopancreas. Therefore, the results suggest that it is
likely that alcohol-soluble ANF's contained in SBM are significantly involved in

physiological disorders in the marine fish as well.

3. Improvement in physiological disorders of red sea bream fed a soybean
meal-based diet

It has been reported that in order to improve physiological disorders in rainbow
trout caused by being fed an SBM-based diet, removal of ANFs by washing the SBM
with alcohol and addition of taurocholic acid (C-tau) to the diet are effective. On the
other hand, marine fish such as red sea bream and yellowtail, have a poor capacity
to biosynthesize taurine, which is effective to improve growth inhibition that occurs
in fish fed a diet in which the fish meal is replaced by another material. Therefore,
taurine supplementation is expected to improve the physiological disorders as well.
I studied methods to improve the physiological disorders in marine fish fed a
SBM-based diet using red sea bream as a marine fish model. First, red sea bream
were fed SBM and taurine-supplemented with ASBM separately. As a result, the
SBM-based diet improved the function of hepatopancreas, whereas the
ASBM-based diet restored the normal histology equivalent to that of fish fed a fish
meal-based diet. Thus, it is likely that a taurine deficiency and alcohol-soluble

soybean ANFs are significantly involved in the physiological disorders that develop
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in fish fed an SBM-based diet. Second, I studied methods to improve these disorders,
such as addition of C-tau and multiple types of diet additives. As a result, the
SBM-based diet supplemented with C-tau resulted in less tissue degeneration in
the liver, clearly demonstrating that addition of C-tau in addition to nutritional
supplementation with taurin improved tissue degeneration of the hepatopancreas

and poor growth in red sea bream.

Conclusion

The above results have clarified that SBM contains factors causing nutritional
disorders because of tissue degeneration in major organs which involve nutrient
metabolism both in freshwater and marine fish. Moreover, as remedial measures for
these physiological disorders, if I further improve diet composition based not only on
a conventional evaluation of feeding performance using growth as an index but also
the physiological mechanism of the disorders, which shows that tissue degeneration
in the major organs is an index of nutritional disturbance, it is possible to use
vegetable materials such as SBM as an alternative material to fish meal. SBM can
be utilized as a raw material to replace fish meal in marine fish diets, even for
marine fish for which SBM has been considered difficult to use, if nutrients that the
marine fish cannot synthesize in vivo, such as taurine and other substances are

supplemented to remove the influence by ANF.
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