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Table I-1. Composition of the basal diet

Ingredient %
White fish meal 40
Casein (vitamin free) 30
Pollack liver oil (powder) 5
a-Potato starch 21
Vitamin mixture* 2
Mineral mixture* 2

* Halver mixture®®.

Table I-2. Composition of the synthetic extract of marine worm**

Component mg/170 m/ Component mg/170 m/
Amino acids*? Nucleotides

Ala 285 AMP 58.3
Arg 22 UMP+2Na 2.8
Asp 97 IMP+2Na . 10.4
Glu 196 ADP-2Na 7.2
Gly 508 ATP-2Na 4.1
His 38 Other compounds

Ile 4 Creatine 34
Leu 42 Glycine betaine 573
Lys 64 TMAO*® 1.5
Met 27 TMA?*? 0.4
Phe 22 DMA*? 0.3
Pro 217 Ammonia 28
Ser 94 Succinic acid 24
Tau 371 Malic acid 15
Thr 59 Citric acid 4
Trp 4 Fumaric acid 1
Tyr 24 Maltose 287
Val 52 Glucose 75

*1 The composition was based on the analysis®® of the extract of Perinereis brevicirrus, and
homarine, glycocyamine and choline chloride were omitted.

*2 Except Gly and Tau, all amino acids were L-form.

*3 TMAO: Trimethylamine oxide, TMA : Trimethylamine, DMA : Dimethylamine.
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Table I-3. Feeding stimulant activity of the synthetic extract and its major fractions

. Diet intake (g) Relative Preference
Fraction s *1 : *2
Test Control diet intake index
Synthetic extract 65.1 18.2 3.57 56
Amino acid 15.8 4.5 3.54 56
Nucleotide 5.1 15.3 0.34 —50
Other compound 10.3 5.1 2.03 34

*1 Test diet intake/Control diet intake.

Test diet intake—Control diet intake % 100
Test diet intake+Control diet intake

*2

[—2—2 73/BERFOEEREDNE

AV THAAEGHEFAFDOT 3/ BESICEEEHRT ¥ LT % & OEEHEEFED &
2 Z MBS IR STDT, B3 EERT 57 2 BE RO 4 BEYNC S TEE(EHE
EEEE L 72, T B, Ala, Gly, Leu, lle, Pro, Met, Ser, Tau, Thr & & Uf Val »
SHAFMET 2 VEBIESY, Asp & Glur ok 2B 7 3 VBBIREEY, Arg, His 8 L Of Lys »
SR EREMT 2 VEBBIREY, 5N Tyr, Trp B X U Phe o2 FEREET I /BIRESY
WD WL TTIEBEHEAEEE 2 JIE L 72, Table[-4 I RL72 L 31, ThoDREVMD S B, 7
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Table I-4. Feeding stimulant activity of some groups of amino acids

Amino acid . Diet intake (g) Rel.ative Pr(?ference
Test Control diet intake index
Neutral amino acids: (An) 10.2 3.1 3.25 53
Acidic amino acids 6.0 5.6 1.07 3
Basic amino acids: (Ab) 7.3 3.9 1.87 30
Aromatic amino acids 7.6 6.1 1.25 11
An +Ab 3.1 0.6 5.17 67
Ag*? 4.6 1.1 4.35 63
Ag*? 2.3 0.9 2.66 45
Ae*? 2.3 0.8 2.83 48
Ane** 1.7 1.3 1.31 13

*1 Mixture of Ala, Arg, Gly, His, Lys, Pro, Ser and Thr.
%2 Mixture of Ala, Gly, Pro, Ser and Thr.

*3 Mixture of Ala, Gly and Pro.

*4 Mixture of Ser and Thr.

Foo Tz, HEWT I BESYIC HHENEHEIEA1.87, FBAFREHI0 & B IEE ST
HoNiz, L, BEBIUVEEEY 3 VBOWMESYICIEESIZ LA D SR>
72,

ROT, BOEBEHEEEEEIRD SN ichES L EENEDOR T I V BEGCOWT, %
OHICEENIET 2 VBERET 57912, Ala, Gly, Pro, Ser 8L Uf Thr »558% 5
7 S VBV —7(Ay), Ala, Gly 58X U Pro» 52 3ETHY 3 VB v —7(AL),
ZLTSer £ Thr »o2 257 3 VB )V—7 (Ane) O 3 DD 7 N — 72431 TEEEHE
EHEERANT, £72, AR TR ToOFRES L OEEET 2 VBE2REE L 727V — 7 (An+Ab)
O A I 3TEIEREMT I VBAEREG LNV —T (A IOV T L BEHEEEEE 2HIE L
72, Table -4 /R L7c kD, R EEEEDT S VEB2REA L7 An+Ab B XU A &K D
BOEEATED Shtz, ROTHUT 2 VBO A, B XU Ae ICHHEAE WIEENTED S iz,
L2 L, Ane \Zi3ARRHBEIELA1.3, BBAFHESS13E L BRVIEE L B o e o7z, BB
DFERD S As DIEWIX Ae DFNICERT 2 Z e iz D, Ly A; & 3FIEREMT
IUBEED A CEVEESED SN s, TSI UEENT I BESY (An+
Ab) OEME, FE& LT Ae (Ala+Gly+Pro) & 1 ~3BOEENET 3 VBOBRIMR CED
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% 27T, AelZ Arg, His, Lys # 13 Dfife TEAEENIHRIIL T, SR REEE % HE
L7z, Table -5 12/R L7z k92, Ae & Lys 20 L T & tExEERELAY2.55, WELFHERLY44 &
Ae B 1 ZIZF L WIEH LR D SR oD, Ae i Arg 2723 His 2T 5 &, W
Ny Ae LY EWLEEESRL, FC His OFASIRIZEZETH D A, DFEHE L VER T,

UEDOHRLID, Ae & His DREVVEVEERBEEE2FH ORVEMO IV -7 LT
FEEENT, 22T, $TIOREVOBREREEE L1V TV A REERIFADZENEL
ML, TOEEKEEYOEECNT 28PET 2 VROFEEWHLS»IT 3 HNT, BEWY
5 Ala, Gly BX U Pro 2 1T ORIA I vy a T AMEITo7, Table-5CRL72&D

Table I-5. Feeding stimulant activity of mixtures of certain amino acids

Amino acid Diet intake (g) .Iielgtive Prc?ference
Test Control diet intake index
Ae*'+His 3.8 0.8 4.96 65
Ae+Arg 2.4 0.7 3.36 54
Ae+Lys 2.0 0.8 2.55 44
Ag*! 3.6 0.9 3.99 60
Ae+His 2.8 0.6 4.84 65
A *?—Pro 4.2 1.0 4.20 62
A,—Gly 3.7 1.3 2.85 48
A,—Ala 4.0 1.0 4.08 60
Synthetic extract 3.7 0.7 5.19 68

*1 Refer to Table I -4.
*2 Mixture of Ala, Gly, Pro and His.

12, Ae+His OAESHEERH & BAFEEIE 2N 214 .84 L 65 L SER AT F A WICET % BEEC
EOEDNEON I L s, 4V TIHABRIFADT 3/ BRESCTD & N7 EEEEE
X, Ae+His, ¥74bHb Ala, Gly, ProB XU His®O 47 3 VEBEEY (A,) O FHICER
THZENHSEIIR ST, e, Ay KD WTHhOHNET 2 VEBEBRVWTHESERETL, ¥
2 Gly BV B ESOE®ETIZE Lr o2, b0 5 Eizbh 7 2 EERFER 2+ L ¢ Fig. I-

1L 72,

1—2—3 BEREWSE, 7)1 0BLUTI b—AOIEEEREEY
HOEEBRTA Y ITHAEBHREF AMOEBEEYEE S, v FHAICHL CEEEES
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Complete synthetic extract

56
T f 7
Amino acid Nucleotide Other
fraction fraction fraction
56 -50 10
v ' | T i .
Neutral amino Acidic amino Basic amino Aromatic amino
acids (An) acids acids (Ab) acids
53 3 30 11
_
o T T T —
An As 2 Ane *2 pe*2 An+Ab
63 45 13 48 g
r T T '
Ae+His Ae+Arg Aetlys
65 54 44
l
[
Ae+His —[ Complete
A,-Gly A,-Ala A,-Pro synthetic
(A4) 4 4 4 extract
_6__5 48 60 62 68

Fig. I -1. Flow chart for identification of feeding stimulants using amino
acid fraction of the synthetic extract.
% 1 Preference index cited in Table I -3.
* 2 Refer to Table I-4.
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Table 1-6. Feeding stimulant activity of nucleotides, glycine betaine and maltose

Compound Diet intake (g) dRel?tive Pr(?ference
Test Control iet intake index
Nucleotide fruction (N) 1.2 1.1 1.66 7
AMP 1.3 2.2 0.59 —26
N-AMP 1.3 1.5 0.85 —8
IMP-2Na*! 2. 1.5 1.30 13
UMP-2Na*! 2.0 1.2 1.57 22
Synthetic extract 3.5 1.0 3.48 55
AMP*! 1.5 1.8 0.81 —11
GMP-+2Na*! 2.5 1.0 2.50 43
Synthetic extract 3.7 1.1 3.43 55
Other compound fraction 10.3 5.1 2.03 34
Glycine betaine 18.8 8.5 2.22 38
Maltose 16.3 12.3 1.32 14

*1 Added 0.17 mmol of nucleotide to 100 g of the basal diet.
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[—2—4 ARE7I/BEEHIIHNTIZEEEBEENES LUV ) LRy 1 DM

R

INFETORBEIY, 73 VEBESD ST Ala, Gly, ProBLX U HisD4E7 I VEBIESY
(A,) 25, EREEMBE®ES 513 IMP, UMP 8 X 1 GMP 23, ¥ 70 {t&iE s 5132
oy A oBnFnNFNEBEEEYE - L CHES N, I 7T,
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TR LERDR» -7z Ag iz, OBERENE ~—ES OHABRIIL RO BRZR D
WAz, a B, HEREEYE L EAERI00 g 12 L T0.17 mmol T, Z oMok EMIZT
AT Table [-2 ICR L 7BETENZNIRML 72,

Table I-7 8 X U Fig. I-2 1Z/R L7z & 92, A, i@ UMP 2HEBINT 2 L4V ITh A KT

Table I-7. Feeding stimulant activity of three nucleotides, glycine betaine, A, and A, plus
nucleotide or glycine betaine

Compound* Diet intake (g) Relfitive Pr(?ference
Test Control diet intake index
A, 5. 1.6 3.20 52
A,+IMP-2Na 4.2 .5 2.72 46
Synthetic extract 5.4 1.6 3.29 53
UMP-2Na 3.7 3.4 1.07 3
A,+UMP-2Na 13.1 1.2 10.93 83
Synthetic extract 10.2 1.6 6.29 73
GMP+2Na 6.9 2.7 2.52 43
A,+GMP-2Na 6.7 1.5 4.32 63
Synthetic extract 8.2 1.3 6.53 73
Glycine betaine 2.4 1.1 2.09 35
A, +Glycine betaine 3.4 0.8 4.19 61
Synthetic extract 2.9 0.6 4.87 66

* Nucleotide was supplemented at a concentration of 0.17 mmol/100 g diet.

1 1
Ay +IMP 46
Ag+GMP ] 63
%1
A tBet 161
A, +UMP 183
sg*? 173
| |
0 50 T00

Preference index

Fig. I -2. Activity of feeding stimulants containing A, and nu-
cleotide or glycine betaine.
% 1 Glycine betaine.
% 2 Synthetic extract of marine worm.



¥R LD BOEGEEEEENTEO SN, LrL, IMP, GMP, 77U > _X¥ A4 DTk
A, EFFRRMLTH, 4V ITHAFTE2ERT F RACHRTEITEVWEEL>ED oL -
7oo MEDER LY, A, £ UMP & OftRAGIN, 774 b bEAREEL00g i Ala, Gly, Pro,
His 8 X ) UMP % # 1171285, 508, 217, 398 X U556 mg Hhi0d % &, WEIZIEDHINLT,
T ¥ OEREENI T 2B RBAEICREIND LWL NI R o7,

I—3 *# =

7 F ¥FRREFOEE BLUZOMEWE T 2ELRMNIGEY » 5 ¥K L T, REDH
WA (macrosmatic fish) X &N Tv33, ThE TOWE»LS, I RAVFFRERELHAN
TREZOMIIAEHBBITE L EBHELLTH B9, i, 7+ FOHESRZ, channel cat-
fish®EY TLRBRICT S VBICH T 2 BZMLE <, BRZEBLL TEVYTWLDE Z LR
BENTWLEY, L L, KEBRRGED LD CREINLROARBATIE, v+ F20FThOR
A X o CIBEHEEYE 2R LB TERHL - Lo 2N T2 Z L3 TE
B, BAES® L UBESYIF, THYIFABIVZOERZFARHAV A S vy ay
FTANMZED 7 FXFEFIMEERREL T, ZhoD7 2 /VBRESKEVEIEEOH L Z L%
BHom™iZ Lz, L, COESRERT 27 I/ BOEEL2EIICHANE 25, =5 A
DBETIZTTEZT, 0.3 mmol/10m/ A ET Arg iZ, 0.6 mmol/10 m/ LA LT Ala &, #
LT1mmol/10m! L ETGly KFNFIIEENRD SN TEholzZ s, 7HY
ITFACRDSNIEOFHESNER R 2BULEOT I VBOBRZECE IS DD LHEL /2,
—77, Yoshii 59 137+ ¥ o LE, OFEFH B & CEEMED SBL2 D(L¥WEICHT 2 BLR
FIfRInE » 508 L C, 102 M E D Ala, Gly, Pro, Arg, Lys, His, Ser ¥ & 8 Thr 25
WIGENRD SN T L, %5V Arg £ Gly D 2{E210°~10° M, %7: AladZhid
1078~107"M, &2 D IEVWBETH S Z L 2B Uiz, £ 2 TAIERTIE, BEERC X
DAY THALERTF ATOEEDEEREL 2R, 73/ BESOEEEEFME O H
FREHRTREROLEL, ZOESFOEME L L CAla, Gly, Pro 8 XU HisD 457 3 /8
DEEMDPRAEEN, ZOEHEA Y ITHIAEHTFADZNICIEIMT 5 2 EBHSMITZ -
2o TNODEHT I BOFBGETICBIT2BER, wInd LEBRROBMEE I
DENLULETHZ 6, INSERLAET 2 /BEBZ 5 RE LREOW T OBREER
ERBLIZbDEEbNnd, WTHIKLTY, INODEBEER»S 7 3V BrBEEEEmE
LLTCRES N, 22 Th Ala & Gly 3fiaEC 8T 2 LR, 7V FIHL CHEELE
EREMETH 2 Z LI 72, —7, KRBIFEORER, HisicHhi7 3 /VBRREEY (Ae) &
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DWEIIR DT Sz fid, Arg CHFRIZIRZZOIEARS®, BESY OERGER DL
Hig-oTwb, BEs 1, A—AEL2HAVTLEEEEVERED O HEREINE ZF 2D
SR L D &, RLFIOEPEEWE L L TRIESNZAJEMENH S 2 £ 28HEL T
270, BHE, {ill] 550 DoNw FOBEEREYHICET 2MEC L2 L, 7TYVERTFAERL
FeBE W ARREEYE Y, vV F A F T AR F R EHOISEEICET I By ERE
NEEEE LTHRESNT WS, LEd->T, FROERECLZ2EET 3  BOEEDE
iz, FRICAVAKZF ADBWCERAT 2D EEZ NS, /2, SHBELXOGHKL
FREROTHEET 2 2 LI L D RHOERELFTE SN2 AREMEL H 5,

AIFEDFER, b 2EOBEEYE LY - F OREEENE Th > T, GMP I L&
BEMEEE L A 541, IMP & UMPIZ O 5WEMD H 2 2 L 3 & 221278 - 7o REEY
BOEBEEEEEIC DB T, IAETHATFD, 515, turbot!® B L <7 V% T
51, IMP B X U'GMP B EBELEMEME TH 2 Z ENWE SN TS, £ 25T, Mackie
and Adron'” [ IEEHEHEFE L2 F T 2 MBREEVEORE LORME L LT, 7V VIEER B
WEEB, VR—AD S OEILY) YBREZR DI EAEEABRORFTH S Z L 2T
%, &AM, REBER»S, vFFIFIEY IV VIEREEFD UMP 2850 a0 & BEHE M
R MRS T o Tz, WH S b [ARkIC UMP OB EEREE 2~ 7 Y THRL TV
2, k72, EAY T, T EEREY I OREMHED S UMP 20T 2 BWEBERILE
BESNTWVE, Z0OLIIE, HLEOEETIE UMP 2418 L TEETH 2HE - #5ET 2
LN LD ThE o0, EHERRCLESEBREEVEOEE LR, Ficukr
Mackie and Adron DWW ORI D b IR LD EFE 2 o5 b, 1™ BIRERIEYE D
BB TRITL T2 X502, MBEONIREE L ZHEY A b E T L5 0 O R E
E OEBEEEFEERIFICLELEE OB BT 2rb Ly, —7, IhExT
BEEEYE & L CRE S N EREEmEOBEIC X A L 2HENETRDL O NS, T
bb, BEEROD Y F5 Tid IMP, ADP, 8 X U ATP 23, REMARED VS 1 BL U~
7Y Tk F N ENIMP & ADP 5 X U IMP, GMP & UMP 23, K4 &0 turbot'® & brill®?
T IMP &£ HxR 23, # L CHEAEAEO 7 F F TR AEBEE» 5 IMP, GMP & £ U
UMP BZ#n#niEEYE & L TRES L (Fig. 1-3), 2o OMAEBE T 2 &, Bl
EEER R OKBEEYEOF T IMP & AICHBE L TRES N TS 2 Enn, DK
GErlAkkC, BETHIMP 2HE L VIKREME L L TERAL TV 202 Lk, 25
23, IMP RISt OB EY E OB EEEE I EEO AR L BEENH D 25 T, EEE-HE
PR EEEORBOIEICE T AL F LAY S IHKET 2 L ¥ —(bEYIBITT 2



ATP Ye]'lowtai'|55’56)
ADP Red sea bream54)

67)
IMP GMP UMP Eel and Jack mackerel
HxR Turbotm) and brﬂ]sz)

Fig. I-3. Relationship between nucleotides having feeding
stimulant activity and fish species.

BN 5D, ZOMEME NS OBEENERT ZEEAEYOES JICBERT 2 H 0D LH
ZINDY, SEETLETLIEEDIFETH L,

—7%, AMP 37 > ¥ 1207 2 BEEEEEEE2E T 2 2 LA EREL S 7 TH S ik -
foo TNET, RO THEMEICET 2 MEIXEE < b 22777, SHEEMEERED D =
FAthh o EESNIBNED 7%, ErcHES® 3= 7 Yiitd 2 HxR O BeHEE S %
oD LIcDATHD, VFFRT7 VIREREEYCRRELIFA TERT 2 2 Lo h
TWwW3, Zh o OEREEYICIZ AMP-deaminase 237 <, BB EEYE OB ZE(LIE IMP #48
T2 AdR 225 HxR B ERK S W27, H™ ZEEESYIOIEERICKS 1T 5 ATP O 23 26
Dy AMP OEEAREL TW2 I Ehs, vFFPo7 TR 2Atho HxR £ 721F
AMP %, fHFHEEORE2HIFIT 218 L Tw 2 gesfERan s,

BEOWHEAMAREN 7 ) & NI A VICHWITEERT I LiE V¥, e 778, =5
A, BV RLDEL DEBETROONTWS, KTEIEERIIBW T T ) oy o
DY FF R HEEEEFEESED S, 47 LV BESY (A) OFEMICHELT
MY E>Tnwtz, —4, Hidaka 570 B 4> 77T, 7)Y RIL Ve HBEDT I /8
DERHEAEF D Wi HERBASE D H 2 Z L %, £7: Yoshii 550 v+ FT, 7Y ¥~
FAVEREDT 2 BOWRICEDOHBICHENRODH S Z L 2BD TV D, £ T, KER
THLZV YL RYA 2 EA, LORBRAEFRICOL TR L2, EELEREOM KRS 5H
B otz, TO/RIKDVTE, MEBEBOERERZ(LS ¢ TERT 2 LENDH 5, —H, A, £ UMP
EDRMICEBNIFHEZIRDO D 5 2 L3 S ik o7z M) 559 d < FHEA T, IMP & Ala,
ProB XU MetD3F7 3 /EAW L OBCHEVIROH L I L E2RHT VD, b P OWE
WIZIMP 7213 GMP L 708 2 U b 7 AL DOIC) $WROMEFHEDO D 2 Z L2 &
CHIS M TWwB, ZORRICEFETIE YY) VEREL2 b OBBEEYEL I Talv) 39
BEAHDUMP L7 2 /VBEOMCHEDRSTD ONIEER, E FOWREE3ERZ L2



2TH5%,

v F AR E LN, PR, BB L UBREEY 1A TEIT 5%, Zh s 0
BAEMO S b, FEI AR ARIC L5 ERIIRD S5 553, His, Tau, Lys, #%EEE
YWHEZ ENHBRIZ G EN TV, 272, FkdE, B, REEY L &0 & 242k Tau,
Pro, Gly, Ala, Arg, 7 ) v >R A R ENFRETCHEEL T 2%, KERTRES L
v+ FEBEREYEII N SEHE I F APIEBECE TN A EAEYOREEL LKL Tw
%o 72, NV F OEBERHEYE IS RO B2 A SN2 T L H 55550, FEDBEIEEYE
ZERIET IR, —MRICZDEPFATEINT 28HBEMOERTF A2 bb0TH Iy
aYTAMETI ZEEZ L,

Sole'® ¥ herring®” TIIEEICH D BEEEMEOE MBI ME SN TV 5, 51T, FHH®
S = YA TR AR EBEEEEE 2 TRT 2 & 2380, Yoshii 559 & 7+ F OB MR I
BHBICEVESMIEE L2 TT I E2MEL TS, Lo T, S%IF Y FFOREICHES
BEHEEMEOZEAL L 5 VICEREBED 7+ F I T 2 BEEEET IOV TR T A L8 2H
%,
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FE UFr¥X¥RESEAH~NDOEEEREVEDFIMIR

RIZET, 4V IH AR F A& EN 2 Ala, Gly, Pro, His D 4 7 3 /g7 5 N1 UMP
DY FXHEAOBHEEENE CHL Z L 2HO MLz, £ 27C, RETIE I OEHEEYE
DY+ FEIADIGHOUEEE R s »IcT 2 2 L 2B E LT, BBAFENDOEBEELEYE
DD, ¥ 7 AT FFOMMTICKRIZTTHE, ot errIFHAB I URADKE « fF
BRI T T B O WL TRETL 72,

I—1 <5 ARESERNDRMIR

BAEY 7 AV F FOBETFICA b I I XRERINT0EY, ZRKIEFEBETHERS L 5%
B2 ORBEESEREINTVwS, 22T, 4 33 R2Rb 2BEEDE AT RS TR
DHFENEEND, AEBR TR ZOERERZE? L 2HAL LT, RO v+ FHAHR
GEEAN EEEOBEEEMEOREY (T, 7L —/"—EBEE) 2HEMLTY I A v+ F 2
BE5 L, 0BT {EESREHNT,

N—1—1 MEEIUEE

(a) #iHRAS L UHBRKE

EHHEPFBE THEEEINLFORKREN. gD Y 7Ry FF 2R L, T2bb, B (1
— 1) OFBEAMEIZ, BEEP100g12%5 LI T A7 FFE2INEL THEDREX % 3%
7eo BRBRBEEART 3 HRMEA S ¥, - ORICETEAR20°CH 5 RBEIBHOTCIZ 85 £ 5 i
Brz iz ER & Wz, fEAKOEKE, THEEAT» SRR E 8L T, EHAEON/3E:
HoPUDINR L 72t Tk & ZHL 72, e BEERIAM B O AR 27T CIC A L 72,

(b) FABRERN

AEBICH Oy 7 Ay FFHEEARER L S iRy 7 X7 - F AR (HARE TEKK
) OEIEHER & — MRS % Table I-1 1R Lz, ¥ 7 A v ¥ RAEAGR OB AR
FBIEZOEBTHOILEARGFR EIZIZRLCTHED, YIRAVFFTELIHEER2EE -5
72, a-NLA Y aFy T ORPERENEILT Y, BT ZVLEF N TABLI VST
HORE L, &7, HRY 7 AV F FHESHNIEBFEREITENT, £ F7 3K
£ Gly 3T TREMENTWE, Zh s OEAREAN L TlETRNC Z 2 Table II-2 2R L 72
71 —83—No.1 BXU No.2 2L T 7 L — N—EIER 2 /L 72, 32 b b, BAoH
% (I—1) T, 88100 g 27 0 clif 4 >k T250m/ (No.1) %7:213180 m/ (No.2) &
HLI7 v —3—FK (pH6.8) 2HML L <Y ELE T—A MROFER LKL 72, —



Table II-1. Compositions of basal diet and commercial diet

(%)
Ingredient Basal diet Commercial
diet*!

White fish meal 40 66
Casein (vitamin free) 30 —
Pollack liver oil (powder) 5 —
Vitamin mixture 2%2 —
Mineral mixture 2%z —
Wheat gluten 8 —
Arginic acid * Na 0.5 —
Polyacrylic acid * Na 0.4 —
Guar gum 1.1 —
a-Potato starch 11 )

Proximate composition
Moisture 7.3 8.0
Crude protein 59.1 63.0
Crude fat 7.9 4.9
Ash 10.2 11.7
Digestible carbohydrate 13.4 9.8

*1 A commercial preparation by Nihon Nosan Kogyo Co., Ltd.
%2 Halver mixture®®,

Table II-2. Compositions of flavour mixture (mg/100 g diet)

Component Basal diet Commercial diet
(No. 1) (No.2)

Ala 285 75.7

Gly 508 63.8

Pro 217 168

His 39.0 39.8

UMP - 2Na 63.0 62 6

F, SEEERIO 7 v — N—EENERIS LU b S 2 X AEIgEEHE F R E A 4 vk
BIUBELDHET? Y —VHHHLZI0gHHYED A P I XAZF AL T L —IV—IR
IR [ERRICERINL CHBIL 72, 2L T, ZN5DFRDIEMIZA b I 3 X (E=EE) 2N



27 3HEDOERIEMBE LT, 7V —N—3RIERNIT 5 2 5 AV F F ORI RETL
726

€) #eEES LJUBIEIEHE

[H— @B 7 L — N — IR R St BREE 2 FIRFICS 597 2 “F IR & 0 imhinsh R %
HEL, $2bb, % 1H3ME (9:00, 13:00, 17:00) {305 EHERTS2T2A
MIgAE L, WO YEEE S HE L THTEBES & URBIFREEEH L 72,

I—1—2 ®WRBIUEE
¥ 7 A+ F AEAREGER EHEAICHOBEOEEBER Y Table [I-3 2R L7, 71V —/V—

Table 1I-3. Feeding stimulant activity of the flavour (No. 1) for glass eel (basal diet)

Control Diet intake (g) .Re_lative Pr'eference
Flavoured Control diet intake™ index™’
Water 2.34 1.47 1.59 23
Extract of Tubifex*? 1.61 3.87 0.42 —41
Tubifex 0.11 0.74 0.14 —74

*1 Refer to Table I-3.
*2 The 70% ethanol extract was prepared from 100 g of Tubifex sp. and supplemented to 100 g

of the basal diet.

HERIIERHC XS 3 2 7 b — N —RINER O A B LB & VR ERIE £ 2 N 1.598 X 1023
EEL, Ty —N—HEHEENRO D B I LR E NI, A b S S AR A b
E 3 I B 7 V= N -GN R O BRI R I K S, & S BRI W T h b &
DEHRE STz, FRTA b 33 XL OMORBIFREIE — T4 Lo TRWEBE S i, O
BHs, TL—N—DY T AT FECHT BT BRI A I S ARSI P I X
TFAICHBLTEHB I EMBImoTe, 2L, 4 b33 AT * RARIMERNIREE S L <
E0, KPNOBRELES >0 T, FROBHEEIRBOMETHS, £/, 132
EEETHL2I 00, YITAVFFIEINT H2HRERBO— A MK L OROYIMOER T
BETER WY, 22T, 4 P IXAZFARRIML CTHOREEROHLOD TRy 7 A HEL
BRI EEERICHNT, Y IAYFFENTE 7V —"— O EER 2 BRI L 72, Xt
HERHTIEA b 2 S XERRS 7 v —N—BEIERL E A4 b 3 3 X% AR EHw, F
7o, WY 7 AREEERICE T TCAF 7 IMERE Gly BIBEMENTw3 2 ehs, 71—
N—No. 1 DHFH7 3/ BIRINESEE L 72 No.2 2 fie, Table [I-4 1257 ¢ & 51T, Hilk



Table IT-4. Feeding stimulant activity of the flavour (No. 2) for glass eel (commercial diet)

Diet intake (g) Relative Preference
Control diet intak )
Flavoured Control let intake index
Water 8.08 4.54 1.78 28
Extract of Tubifex* 8.05 6.01 1.34 14

* Refer to Table II-3.

v AN T A Y 5 AT F FORIFNER, oAV FABEAFERICHT 5 L DS,
WRIFCH 5Tz, £z, THIZTV—N—%2ENT 2 & &5 CBIFENEZICEE D, Bl
VAR S NTA b IS AT FRARRINL 7o RN ELR T, MBS 2 h 2N 1.78% &
NZ1.34, BIFEEMB TN FN28E o P4t LT EWENE N, UEOREL» S,
IRy 7 A ABEfRIANT7 LV —N—2RIT 2 2 L2k, KRR T 22+ X
B S A EL, Y7 AT F X 2 EERAFNCETD TE 2 2 EHS IR 5T,

YT AYFFOEMIICIBEICERELL - TAREERRCL TR S P2 I ANELAE
WENTWE, Lzdi>T, 4 33X LD ESBADKERFIATAKTIBAT 5 A6
BE G BIC ST D uRE OIS, P S S XDOBEESLTWE I EARBENTL 589, X
SIAEVERTH S Z e ofiigmic b MENH D, £ 2T, A7 v — "—%fEICHINT %
ZEREV YIRS FAEEREAENCET O TE 2 Z NS Mc x> 2 L1, §%F
T AR L BHEEORAICLDENE, LerLl, YIAVFFIINT LS4 b3 2 XOBEHE
EEEEEAET7 L — NI DER T, ZRRBEFSLA DS I A0S L 2HERBICE
DD ERbN D2, ZOERNICEF N5 RAOFES WE L BEAREYE I X 2 LFREL
BSLTWAHREMED B2, 24 PEEFOEEME k> THFEIIS Nz D, BEOWES
SRR DRI 12 LSBT 3 2 LSRN T AT, 1S3 AEEHTVE IR
SEEPERCHLTY IAYFIFRED L I BRIGERT I, SHOBRECEETH 5,

I—2 MAEBESHEENDOTMIR
v ¥HERE T L — /N RIIEH T EHEAE L, RERPEMRRICKIZT 7 LV — NIk
INOFEEIZ DV THRETL 72,
I—2—1 #MEELUFE
(a) HtEFAS L UEERKE
RO v+ FHEARR SN (HARETHEKKE) K 2B FHEHE L A EI3 S g



DU FFE, 10T D80 [ FDOXRY 7 7 Y NKEIZNEL T, HEKER2T°CE L U24°Ciz FAHi
Lie7 v —/N—SERIMMONHEX, 26224 CIFHAFIL 72 7 v — N —mIMXK 055 3 HEBRX &
BTz, o8, HBKEB L UABEKOEKIEIZECTELIZLEBY TH B,

(b) FEBREREY

Table II-5 12 R L /e —M MK O THER 7 - FHESB RS ERHS, RRO(WFEWE S Ex it
A& VAKICHERR L 727 v — N =¥ %, 170ml/100 g BRI O EIE THM L T RERE R & AR
L, 72, BiA 4 kO AEHINL THEER E Lz, 28, 7 b —/1—FKO pH 136.8138
B,

Table II-5. Compositions of commercial diet* and flavour

Commercial diet %
Moisture 7.9
Crude protein 51.2
Crude fat 5.5
Digestible carbohydrate 18.3
Ash 12.1

Flavour mg/100 g diet
Ala 185
Gly 156
Pro 412
His 97
UMP - 2Na 150

* A commercial preparation by Nihon Nosan Kogyo Co., Ltd.

(¢} #REFES LUAIEIER

BB KR % 24°CH L V2T CICRET L 72 MAEIIX 2 & 24’ CIe @i L7z 7 v — =3I
W, FRFAOERE 1 H1E, FA79RFCK30MEBER TS X C20HHEEE L 72, D
DODEXOEEHE () 2o VVCHEEEREET 2 L & b2, HEEEEE, HEEERS L UFE
B (EEEX100/ZYEEE) »EHL T, 7V —"—RIIREHE L 72,

I—2—2 ®BRBPIUEE

Table II-6 ICRZRABX D20 D EABERELX R L 72, HRFOBEEITZ 7 v — S—FINK
20 2R %<, WHBOWMERNX TIii24°COX L W 2T°CORic%E» -7, L L AREEE
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Table 11-6. Effect of the supplementation of the flavour to commercial diet on growth and feed
efficiency of eel reared at 24°C and 27°C

24°C 24°C 27°C
Flavoured Unflavoured Unflavoured
No. of fish
Initial 10 10 10
Final 10 10 10
Av. body weight (g)
Initial 13.5 13.3 13.5
Final 18.3 16.1 16.2
Total weight gain (g) 48.0 28.0 26.4
Growth rate (%) 35.6 21.1 20.0
Feed intake (g) 39.9 27.5 33.7
Daily feeding rate (%) 1.3 0.9 1.1
Feed efficiency (%) 120.4 101.9 78 .4

RICHE T 2 LHEE L XEZR 2 <, FIIK L2TCERINK &£ OEDZEFE2120.2%TH -
7o MMEEEIITINX T48.0g L b H <, DT CHRIKX, 2T°CERMXDIE & 7% - 72,
BRI b WEE & A, BMNK, 24°CEFRIK, 27°CERMX DIEIZE N L,
UEORERD» S, BEAFRANT7 LV —N—2R T2 22k >T, v FOEBEENETIE
YT, REPEHEIELW LT 2 Z BBk o, IRIMLIZ7 v —N—IZid 7+
FOLAET I /BETH5 His gz T 503, AEETENC L His 20 FHVWILERLEN S
NRI7BRELTERBIFEAEESNTWADT, 71V —3— (His) OB X DERIO S > o7 B
DREMHBEZESI NI EEFEZ SNEZ L, LEd->T, RIFLRFAEKEDE S W HRIEB %
5L FRAD 7LV —N—DIEIIZ XD, 7 FOMERERIFE S NIEER, fAROMEEt -
BINPEHE S N ed TR OH EHEISN S, BAETIEE, BREL L WERBUZED
CEEDOTFHED, WK, B, BRLEOMEKROER L 2bEFEFRL, BRLIAYOMHL
WUVER 2 BT 2 Z L8 6N TV B2, 8F 5L, 7 L —N—RINaE 2 B L 727 - X¥H
ATY, FHHEOEE EARCHRSWPEES NI b D LRSS, —7, KERIZ X
D, BV FOMBAREZ2TCH L2 CIZT FFTYH, BRANT7LV—NN=2FNT2 2124
2TPCOMRMK & W ENLFAEREOESNL Z NIk >, ZOFRER, V+F0
IHREECB I 2ETANVF -2 KA, FRAND 7 LV — N[O ED I & 2R LT

VT RIREE,
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[I—3 KRARESAE~DRINZIR
AEI— 2T, 7+ FRAFRSEEA 7 L — N — 20T 2 & RE ARSI A L3 2
TEEESPIZLT, AEBTIE Y > FRALTRICERDOERZIT, MEHREICKIZTH
BAD 7 v — S —iRID BB D W T AT,

I—3—1 #MEBLUTFHE

(a) HERAH L UHBRKIE

BETNOBEHEEE > SEA LY ¥ %, ROV F X kEARSER (BAZE T KK
) T0HRIFMHEIE L /2. 240 [ FOHEATARE (80X60x50 cm) 2, FHKRET g D
T ¥ EZIETONEL T 2 HBEX % 3K T 70, ZRBKE I 3ER 2 BB 2 D T THESL,
BB AR E24°CICFRET L 72, 7z, MAEHRICEB RO/ 3% H 55 Uo24°CIC IR L 7z Fiff e
Hi oK e aTHBL 72,

Table II1-7. Compositions of basal diet and flavour

Basal diet %
White fish meal 40
Casein (vitamin free) 30
Pollack liver oil (powder) 5
a-Potate starch 21
Vitamin mixture* 2
Mineral mixture* 2

Proximate composition (on dry weight basis) %
Crude protein 55.3
Crude fat 5.5
Digestible carbohydrate 22.9
Ash 8.3

Flavour mg/100 g diet
Ala 285
Gly 508
Pro 217
His 39
UMP - 2Na 63

* Halver mixture®®.



(b) FEBRETI

RER AV ICEESERIOMEK, 0 —MKSHEES & U7 v —y— DR % Table I1-7 1278
L7ze ZOBEEERNC, I—2 TERLILAETTV—"—2FMLE—A MRDO 7L —v—
TINEDRL L, SEROBA A > KD & &GN L 72 FERINETE 2 AR L 72,

(c) #REEES JUAIFIRE

TV —N—{FIIX E RO BRI O 7 - F1iZ, FH IS S K30 RIEHAETZRAEAD
fARL RS L C2HMISEE L 72, BEPOMROBEHE (W) BLUHMEELRSD T, HH
BEHE, R L o VI SEEREL2EE Lic, £/, MEKTROEH 6 iFi%I, AKX
L0 3BT OHIL TEAKD —RIMMT 21T > 72,
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Table II1-8. Performance of eel fed flavoured and control diet

for 25 days
Flavoured Control
No. of fish 30 30
Av. body weight (g)
Initial 77.6 77.7
Final 93.3 80.6
Total weight gain (g) 489.0 201.2
Feed intake (g) 451.8 401.1
Daily feeding rate (%) 0.70 0.66
Survival rate (%) 100 93.3
Feed efficiency (%) 108.2 50.2
Protein efficiency ratio 1.96 0.91
Protein retained (%) 34.4 16.0
Fat retained (%) 334.5 148.4
Energy retained (%) 78.6 35.9
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Table II-9. Proximate composition of eel fed flavoured and
control diet (%)

Crude Crude

Moisture protein fat Ash
Whole body
Initial 65.6 16.3 15.9 1.8
Final
Flavoured 65.0 17.6 17.0 2.2
Control 65.0 17.6 16.3 1.8
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Table III-1. Compositions of basal diet and flavour

Basal diet %
White fish meal 40
Casein (vitamin free) 30
Pollack liver oil (powder) 6
Vitamin mixture* 2
Mineral mixture* 2
a-Potato starch 20

Flavour mg/100 g diet
Ala 285
Gly 508
Pro 217
His 39

* Halver mixture®®.
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Fig. lI-1. Changes in protease activity of gastric tissue and digesta of eel after
feeding.

O—0 per g tissue or digesta, @—+—@ total activity, A------A specific activ-
ity.
* No digesta at 0 hours.
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Fig. IlI-2. Changes in pH of gastric and intes-
tinal digesta of eel after feeding pH 5.6 diet.
I * inner part, 0 % outer part.
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Fig. IlI-3. Changes in protease activity of intestinal tissue and digesta of eel after
feeding.
O—C0O per g tissue or digesta, @——@ total activity, A------A gpecific activ-
ity.
* Refer to Fig. III-1.
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Fig. [lI-4. Changes in amylase activity of intestinal tissue and digesta of
eel after feeding.
O—O per g tissue or digesta, @—+—@ total activity, A----A
specific activity.
* Refer to Fig. IlI-1.
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Table III-2. Ratios* of amylase activity to protease activity in
intestinal digesta and tissue at intervals after feed-

ing
Hours after Ratio

feeding Digesta Tissue
0 — 76.3

1 22.3 123.1

3 14.0 146.5

5 20.2 197.1

12 53.0 158.5

% Ratio was calculated from the following formula ; Ratio=

Total activity of amylase X 10?
Total activity of protease
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Fig. [lI-5. Relationships of gastrointestinal digesta and those enzyme activties in eel after feeding.

— 35—



rbiZ, BLXOBABIBTT2NEYEDORCIZIG LT, MBRODTWEIFHET SN TS
TERREL TV, Green 51935 v FEEBEROSWBEICOWTHEN, N Xy yBX
UCFE PY 7Y OGMEBARBEICRITL-BBEFRD Y 37 BEBICIS U CHidhTn 3
ZERBHSMII LT, F72, Meyer''? & A X BEBOECBERFWHRIBIZ DOWTHNI L 25,
BAEYIF D Tyr, Phe 2 EFEERT 3 /BPIGUWRIEEZD, ThoD7 I VBREENZEL
EWENBEKRT LI L EAI, INOOMELS L, IFHAMEICE T 2 BRI WE T+ TIEBI
BITLARELZ NS ENAMEIC L > THEI AN TV E Z LEE»TH 2 5, KERD
5, VIF¥FTHBEBABEAD M) 7Y VBRSPS T 2 7 —¥Douwhs, B oBICBITLILEAR
VI L > TRETISN T VLS Z LRI NIz, BEC L ITASFCEL L BAEA~OHE LB
HSWHEEHE S H 2 Db Lk,
AEOEFEREREER T2 &, (VEABYTOT > U AREERIEE LB LL T
WE» ozl s, BRMAEEL L TOREIL D FITEHGEE & L TORFZFHED Z LR
iz, QBABTYTO MY 7y UEREBREESE (RS Twiz 2 ehs, Ry o8
7EBEIFBAETHEEINS Z EBERES N, QBARYO T 2 7 — B BEERL
KT AMEANIC D o 728, BEBRO 7 2 7 —BIEHICEER TR VKL, Y FOMEEE
DFFABEDIE X L OBEME I EH I Lz, WEBERBEAD M) 7Y URRBRB LI U7 17 —¥0D
S, B OBABITLIEABYOEHCL THEIN TS Z LRI NI,



EIVE AR~OEERENEDORNL Y F X DY
LB & & UNFIRBEROEM IS RIT T B

BUHET, ESFEENOBEEEVEDORING, v FOREPLHEHAIEL2M LS 2H
DHDH L wZHLSPII LT, COMRBEDBHEENSHEI N EVEHEDOERTH 3 5 23,
(LFEREIRICRT 2 RO ER O LR s 5 I RBOEEELX S/ 2 L bRENLRERT
HrHOLWREINDG, £IT, RETITEHEEDES2 7V — /=L UTHRML 7280k %~ 7
FIHEG L TC—EMMEAT L, BEEOHCBREE L HILERLSVCHEE - 73 VBBRORL
RBCBEE T 2 FERREEZHE L T, AIEECEHE L.V - FD 2 & L IEBRETL,
BEHEEYE OWINEBINE & CREEEEICRIZTREZHL »Ic L LD L LTz,

BABETHMEFREEZEOERO FANER, BRL LOHECERIWEERI Y TRERD
EERBINERES R LT TR, Ay al) YU EERIR T, BINESN&ERKERD
REELIVERCTHIENHMENTRE®, UFFI s IOFREEOH 2 2 L TFHES
hz,

IV—1 HtEEREES LUEIERICRITTRE
BIRLAD 7 L — DERNIAS, WEEE » 2 DNEMIC B T 2 SHLEERIEN 2 5 NC ¥ >~
RO - BEE ORI T EEC OV TR L7,

N—1—1 MHEEIUFEE

(a) #ER, HEKES L UER

AREBRICH LY > F, HBOKEE X ORBERNE, WINLFEINERIECE L EBD
TH 5,

(b) EHBRHE

BHNETOER»S, BNBEMIB I L7 27— L b Xy o HBEREEO LB 3 i
BRI REC 22 2, R VCRBRARYICBIY 27 35— CiEMEILIEEE 5 B LRIZIE T
PEITEPICERTLIERAOS L Z AP o, £ 2T, AEBRTIIEINESE 3H
DEBEHRTHIC, 7V —"—IIK & O HERIIX 2 51880 3 8 L U 6 KiHEICHEIE R 4
B4 OHy BT, REHL D FEEECHEHLEZERL, theng, EiEr & OBEEL S
Tz s DABFY ST THREL @It L,

— 37—



(€) ERZWHE

BAEfs L 2 ONEWIC BT 2 7y UrEEREY, BEEZSUCBEBRE 2 ONEYIcSs
G2 M) UBBEBIUVT I 7 —EESR, WINLEMNZEWCZ L AETHIEL, 2
NoDEREMIX 1 SEORIETERM T 2 1umol @ Tyr 72127V 32— % 1unit & EHK
LT, MHMEIINEY 1g Bz 2o TNCARELN0 g B2 ) OFEH g L TRRL 2,

(d) EtESIT MY I OLEEE (TCA) TAMERE

ikl X7 BB X UREEICN T 250 00OHERB o A RIEE L T2 MBEIC XD
HELIz, b5, MERTHOS HETX V(L7 v A2 &0k 25 2 T, ¥ THODOEH
6 FRICHX DO v + ¥ 0 5 RIBENEY 2 BRILL Totakt e Liz, &8, Bltros, v
NIEBIUCEEOEREE, Thendlsm oA K, v 2oy — LY — ks
FO7 =/ —WEREE I X 572,

BARYHO TCARJEMERREEI I I 707 — Ay — Lkl I -7, 9% bbb, KTHD
1BEH 6 IFHRICHX DY + ¥ 0 5 FNEWEZHIL, 10%TCA (w/v) BB E L HITHEEY S
A X LTze TOREYA— b %3000rpm, 2043fH, 0°CTELIBEL THES N7z BIFES 2
£ U THIEL 72,

V—1—2 # R

(@) HILBELXORBTMER

FERTHOBRHI BL UV 6 RRERICBT2MXDOYE, Brsticth s DNEYEE (B
HE) b, RECNTIESFICHEEL, ThETNULEE, HBEL S NCHENEYE, [t
BAEE L LT Table IV-1 1Z/R L 72,

Table IV-1. Relative weights of liver, gastrointestinal organ and digesta to body weight after
feeding (%)

After 3 hours

After 6 hours

Flavoured Control Flavoured Control
Body weight (g) 99.5+19.9 90.2+15.2 117.1+15.8 91.4+18.5
Liver 1.63+0.31 1.74%0.21 1.42+0.21 1.70+0.16
Gastric organ 0.74%x0.19 0.67+0.24 0.51%0.13 0.55+0.12
Gastric digesta 1.40+0.44 1.76+0.32 0.83+0.79 0.71%0.42
Intestinal organ 1.4740.19 1.66+0.04 1.2240.08 1.52+0.12
Intestinal digesta 0.35+0.16 0.69+0.08 0.2140.03 0.8010.22
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Fig. IV-1. Changes in gastrointestinal digesta after feed-
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Table IV-2. Apparent digestibilities of diets

Diet Apparent digestibility (%) Free pitrggen in
Protein  Carbohydrate gastric digesta*
Flavoured 88.4 87.8 3.80
Control 85.3 77.1 3.39

* mg/g wet digesta.
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Table IV-3.

Protease and amylase activities in gastrointestinal tissue and digesta after feeding

After 3 hours

After 6 hours

Flavoured Control Flavoured Control

Protease activity*
Gastric tissue

per g tissue 58.8+6.79 48.4+10.1 54.3+12.2 44.9+13.0

per 100 g body wt 44.0+13.2 32.3+13.1 28.8+13.6 25.9+12.3
Gastric digesta

per g digesta 0.20+0.09 0.10+0.07 0.24%0.12 0.26%+0.06

per 100 g body wt 0.3040.20 0.19+0.17 0.17+0.18 0.17+0.08
Intestinal tissue

per g tissue 24.4+8.11 21.9+1.93 21.5+7.34 17.7+5.24

per 100 g body wt 36.1+13.0 30.949.49 25.9+£8.11 24.2+11.6
Intestinal digesta

per g tissue 49.5%x14.7 64.6+14.0 36.7+17.8 40.5+2.76

per 100 g body wt 17.5+8.33 44.6+12.7 7.51+3.53 32.9+10.7
Amylase activity*
Intestinal tissue

per g tissue 1.61+0.58 1.12+0.69 0.93+0.73 2.24+1.01

per 100 g body wt 2.53+1.29 2.01+1.31 0.94+0.73 3.67+1.37

* Units expressed as umol of Tyr and glucose liberated per one min under the assay condition.
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VREBERIEME E OB D W THAN Fig IV-2 IR L 72, BHRMMX Tl % 0 /i, HHEEEDS
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Fig. IV-2. Relationship of intestinal digesta
weight and its trypsin-like activity.
* Total activity.
O Flavoured diet group.
@ Control diet group.
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Fig. IV-3. Digestive process in eel fed the flavoured diet.
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AF—TERLTKREY 2— b 2B, TOKRE YR — b Z2104H3000 rpm, 0°C T 5 HE
Lol biEE 2 HERIKRE L, #EAFRL TEEZHIEL 2, o DBIEIZTRT
0~5°COERMHETTIT- 7%

AFB&o alanine aminotransferase (GPT EC 2.6.1.2) ¥ X 7f aspartate aminotransferase
(GOT EC 2.6.1.1) 0% % Reitman-Frankel % (FDEMZE KK ® ¥+ v M) 2#HWTHEL 72,
¥ 72, HFE& D glucose-6-phosphatase (G6Pase EC 3.1.3.9), phosphoglucose isomerase (PGI
EC 5.3.1.9), glucose-6-phosphate dehydrogenase (G6PDH EC 1.1.1.49) ¥ X U phospho-
gluconate dehydrogenase (PGDH EC 1.1.1.44) OiEME2WIILd REFORFESY I L D AIEL
726

GPT B L UGOTEMRE VTG 1 I ERET %2 lumol D ENVE > E %, G6Pase &
PGI &M 1 ORclEsd 2 lumol O Pik 77 b —A-6-1) VX F N 1unit L EEE
L7z, ¥72, G6PDH B X Uf PGDH &3 1 7HICAERK 215 1 umol © NADPH % 1 unit &
EELIZ, INSOEMIZVI N IFREAER 1g B7-0, £/2I3MKELI0g KBz oeFEEe L
TERRLTZ,

W—2—2 #& <]
(@) AFEED—AEESHERY
FER T HOERHE 3 B XU 6 EREBICB T 5O —E R % Table IV-4 127 L 72,

Table IV-4. Proximate composition of liver (%)

Diet Moisture Crude protein Crude fat Ash Glycogen
Flavoured 74.4 14.0 4.5 1.0 2.3
Control 71.2 15.3 3.6 1.0 4.1

¥y Lo 8, FERERS R o RS EITIE, 7V —/N—iRIIXK £ ERME ORIz 2R
ROONLoT, MEMXO 7Y a—7 Y EERF 7 v —/"—FIKRDZ I D]1.78(F & LLEHy
mr o fed, B OfE & D BAHED - T,

(b) PAA ¥ SURFRN 7 I /B BIBE RGN

FBERTHODOEEE3 B XL U6 K%k 175 PAA L & PO GOT 8 £ O'GPT &
% Table IV-5 /R L 72, 7 L —/N—3IIK D PAA fHIZ, \»F I OREERRFE T d BRI D
ZNEVIESHFEIN TV, 2 id#ic, i GOT EHEIRR VI OFEMRRETATL 7
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Table IV-5. Plasma amino acid-nitrogen level (PAA) and hepatic transaminase activities after

feeding

After 3 hours

After 6 hours

Flavoured Control Flavoured Control

PAA (mg/100 m?) 5.40+0.48 6.36+2.26 4.75+0.88 5.32+1.05
GOT*

per g liver 27.3+3.35 26.4+3.43 30.5+2.04 25.7x2.60

per 100 g body wt 44.6%+10.9 40.5+9.07 43.0+6.17 39.0+6.47
GPT*

per g liver 13.3+4.90 11.3+2.13 18.2+2.96 16.4+5.03

per 100 g body wt 20.8+7.70 17.6+5.45 25.4+3.01 24.7+7.85

* Units expressed as gmol of pyruvate liberated per one min under the assay condition.
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LTz,

7V — N — N O MPEE X, BEE 3 BEE#12202 mg/100 m7, 6 BEE#12174 mg/100 m! &
B ZE L Tz, SEIRIIK TRBEH 3 % T175 mg/100 mi TH -7z D25, 6 Kk
213283 mg/100 m/ L FERIL Ta7z, Lizhi-> T, MXOEEE 6 BEHE O MEEICIX 5 %D fE
BRETHEENEO bz,

O RERBEBERD > b, BHEIC»»b 2 G6Pase DIEMIZ X\ F IO R T b X i
ERIFDO o N oz, —H, HOELRB 20 2 EERERED PGl 2 & AR
v EEIEERO G6PDH £ & U PGDH O & d, WINOFBERETLE|IAMX LD 7 v
— NI E < 2 A EADRD Sz, B ThH, EEH 6RO 1 g &7 9 0 PGI
B &£ U G6PDH OEMHICHEEELE D siz (p<0.05),
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Table IV-6.

Blood glucose and activities*

metabolism after feeding

of hepatic enzyme relating to carbohydrate

After 3 hours

After 6 hours

Flavoured Control Flavoured Control

Blood glucose (mg/100 m/) 202+25.9 175+113 174+48.1 283+46.7
G6Pase

per g liver 6.26+1.12 6.15+0.70 6.36+1.03 6.45+1.54

per 100 g body wt 10.0+1.39 9.39+1.55 8.97+1.95 9.55+0.56
PGI

per g liver 124+20 127+15 139+11 116+ 7

per 100 g body wt 204 =60 199+57 197+33 178 +41
G6PDH

per g liver 56.2+ 4.3 42.8+12.3 60.2+ 8.3 45.3+ 6.5

per 100 g body wt 91.1x15.1 68.8+29.1 85.7+t18.7 70.7+£23.3
PGDH

per g liver 22.2+ 4.7 20.8+ 3.8 23.1x 2.4 17.0+ 4.4

per 100 g body wt 35.8+ 8.8 33.4%+12.5 32.4% 3.2 26.6+11.4

* Units expressed as umol of substrate or coenzyme converted per one min under the assay

condition.
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E—% — %AW TKER24~25CICHM L7z, £72, FABEKOE/KIIENZS IHNICE LS
ETiTo 72,
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L, BEEEY 2 BEREZEDRICLIZDDT, KEOEET L7 ARVLFuxSF5—+¥
A, a- 737X, S-TI7—¥, BLrT7—¥, VRXIZVT7—¥, RIFF-—XEEEEFL
TWwb, 7z, 7u7 7 —¥HE L TOEE pH 132.5053.0fLCH D, DT RS
BROET 27 —YIEEIRENE IR L FEIC L DHEIEL Table V-1 1R L 72,



Table V-1. Composition of diet*! and digestive enzyme activ-
ity in Molsin*?

Diet %
Crude protein 49.5
Crude fat 5.0
Ash 15.6
Digestible carbohydrate 32.9
Energy (Kcal/100 g dry diet) 354.9
Digestive enzyme activity units*3/g
Pepsin-like 22.38
Amylase 20.18

*1 A commercial preparation by Nihon Nosan Kogyo Co., Ltd.

*2 A commercial preparation by Seishin Chemicals Co., Ltd.

* 3 Units expressed as umol of Tyr and glucose liberated per
one min under the assay condition.

FHEBAfENC X, Table V-1 1253 —MRAKHHRK % RO THHREC SR (HARE T KK 8)
100g iz, EAY > EHAED T0.025g (RIH) F7:130.05g (B&HA) AL 160 ml Dk E X<
WY AHEDE = MRO&E L, THERETEI00 g «27K160 m! 720 2 a0 TRBRICHER L 72
FEARINEDEL % F V72,
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DRI L b5 BEEOEEARL L L big, AFKTHOEHE3 B X U6 BE®%ICHEX
X DEEARICARTOMY LIFT, HLE L ZONEYIC BT 2 HLBEREYE, [MEE, PAA
8 X CHEOBEREEZHIE L 72, /KT HDOIEH 6 RFHZCB T 2EXDOT - BNEY
DWHET 3 Y EEBREBIVEMBESEZ S VIKF VBB X UHEEOHEELHIE L
12o & 5T, TV VERMERO Tyr 2252 HE L 72,
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VY ENINADR SR B R DRERFIFRTIC A S 8t Tyr S EOWIN% Folin ¥ THIE L 72,
Tabb, FAEEL O, 108 L U0MRICAEEDIVYN TCABH L L BICHTTARESF 4 ¥ —
TERLTHEY A — 2B, 2OFREY X — b 2204375000 rpm TELOSBEL TR SN2
EEESSICOWT Tyr 2EEL 72,



MAEE, PAAMER S MY Y7 BB L UHEEOHLRI W IFR O BIVREICEL L2 HET
HIEL 72,

BB UVBAEYICB I 28O 7 2 /EBEREZ > NCHEEESREE, HILBEREEAZED
e OWEIMETEE L2 HETHE L HBRE 2 BEKTHRL T, £ £ 1 Goodwin 5D
DNFB &M %2 & N2 7 = / — VEREEREE? THIE L 72,

HILE L ZORNEWFORT Y ViREER, M) 7Y U HRBERBLI VT I 7Y ORESEE2E
MEFEWCRLAETHAEL, A7 7 —LiEE (EC3.1.1.3) %, B85 D -+ 7F N7
7 — MEEEICHWZAETHEL 2, £72, FFED GOT, G6Pase, PGI 8 X 1f G6PDH @
BENE, TRENEIVEE 2L FETHEL 72,

V—2 & Es
(a) 2REE L UFRO—IRE D HEE
Table V-2 IZ/R L7z & 52, BIMBREEKTRICE T 2 EL Y VIEBNIK & ERIIX O£ EED
— R AR IR ER IR D S o7z, iz, KTREORX ORI b K
Eidhoot, ULEOBRNLS, FEADEIL Y VRIS AR T O —B 5k i 2
BRIZE LW RGPz,

Table V-2.  Proximate composition of eel fed Molsin supplemented test diet and control diet (%)

Moisture  Crude protein  Crude fat Ash Glycogen
Whole body
Initial 67.2 17.5 13.2 1.98
Final
Test 65.0 16.1 14.8 2.05
Control 65.7 15.9 14.8 1.56
Liver
Final
Test 71.5 13.9 3.72 1.09 7.84
Control 72.0 12.2 2.67 1.13 9.58

(b) MIBEES LUMERES
Table V-3 X DFEBERHE L > VK, BB L UCBOMHBEZE > RELETRL 2,
FLY UVIMMXOBEEEIZERINRICE XN TENPITENTOWIEBETH -2, ELY VR



Table V-3. Performance and relative organ weight of eel fed test and control diet for 23 days

Test Control
No. of fish 30 30
Av. body weight (g)
Initial 104.7%+ 11.2 104.7x 11.1
Final 137.4+ 20.2 134.8+ 20.6
Total weight gain (g) 844 .5 793.8
Feed intake (g) 885.5 756.6
Daily feeding rate (%)
1st period 1.28+0.36 1.14+0.45
2nd period 1.35%0.61 1.00+0.52
Feed efficiency (%) 95.4 104.6
Protein efficiency ratio 2.06 2.27
Protein retained (%) 22.4 21.7
Fat retained (%) 118.6 132.9
Energy retained (%) 73.6 79.6
Relative organ weight (%) *
Liver 2.19+0.39 2.52+0.46
Stomach 0.531+0.06 0.66+0.10
Intestine 1.57%0.24 1.59+0.23

* Relative weight to body weight on wet weight basis.

X OBEERIIFE L T oTze £2 T, Hi« BEAKCHD THROOFEEBERE2EN L& 2
2, EFENK TR ZNENL.14%7% 5 TFIC1.00% Th > 7 DXL T, LY VIRMNK T
1.28% 7% 5 UNZ1.35% L @& <, FRCHIH, S B » I TEL Y VIRIIK O HEBEE) LR
L2 epEHENS, —F, TLY VHRNX TEARRIE, BEZ S it AL ¥ —EEER
PO TNLERINMKICLERTENIE o7, LrLY 37 BEEERCRXMESTED S
otz

MXOFE, LEES X UVHBEOEICIIEI2EZEZNTD sz, BEEREZER L
» o7z,

) EFINZVARMEKOLER Tyr S8 LHILERBTYWENE(L

0.05% &V & > Eshnfafl sl o 1M Tyr 2 20OKRE L% Table V-4 1Rk L7z, 8%
1043 % T3k & b W8 Tyr SRICKE ZEERED Sk o788, ZDH%3053 % Tk E

—54 —



Table V-4. Changes in free Tyr concentration in diets after
preparation (ug/g wet diet)

Test Control
After 0 min 3.68 3.87
After 10 min 3.69 3.91
After 30 min 4.25 3.93

Wy ERINEEID Tyr &133.69 ug/g 7 54.25 pg/g WHEIIL 72, L& L SSRGS Cid—
ETH o7z,

DT, MR DHEEANRTYEDEEKICE T 2 BIEE({L R Fig. V-1 1R L o, SEEEC
R L -ABEVRBICEEFDKE { —EDOBPMEELRD s ko, 22T, BB X UBAN
BV EE EEACERATYRICH T 2R TRLIE 22, By VEHRINK TR ERIIRKIC L
LT, BHE3IBIURHEBEOVWITNECBVL T LBASTYO D 2EG1% <, BREKCSE
DWNBEVIDPHEL THd I e8ahrol,

% Test Control
100 ¢
50 [~
0
3 6 3 6

Hours after feeding

Fig. V-1. Ratio of gastric and intestinal digesta
weight.
[ Gastric digesta.
B Intestinal digesta.

d) HIEEQLLTISHILERTYICE T 2887 I /RERE, BESES JUILRRSD
1t
BT HOEE 6 BRI B T 2 RBEASTYEERRL, 42005 > /37 BB X UOEEOHEE
FxPEL T Table V-5 iIZRm TR EF 2, MIKD Y >3 7 BRI 2% ATH TERIRD



Table V-5.  Apparent digestibilities of diets (%)

Diet Protein Carbohydrate
Test 72.5 77.5
Control 71.7 85.7

SN olz, &I, RMXOEBEMEIZS5.7% & S W ESF s DIEx L
T, Y VEIRXDZ0E77.5% S BEWELHEB SR o7,

DL CELY VIR OBEEHEEENS > ERZHO > T 2HHT, BEIBL U
6 FFfERIC B 1 2 HILENBYOWEHFEE 2o V7 I VEREFRELZHIE L 2, ZORREIZ
Table V-6 i7" $ L 6D, BREYL S NCBREYOWEREY 3/ BEREICITEL Y IFM
X EERIMX OB TN OZBRFETLERIT L, £RBOY v 7 BHEEOHIER R
ISFEL T, £ I52, HEHEEEEFVCTNOBRETY, ELvy VIR ICEE CE
27, ThRbbB, EALYURMXCET 2 BRAEYO I3 3R 2 5 6 BRI » 17 T
120 mg/g DEmWEZRL 72D L T, EHRMX TiE84.2 mg/g > 544.5mg/g IZBA L 72,
F7z, BN RN BT 2 BREYHOEMEE S 2 188 3RR2 5 6 E®RIC»IT T
92.8 mg/g 22 5121.0 mg/g IZ3ER L 7245, R TIE70 mg/g BB E & IEEPEWETHERS L
Tre ZORERD S, WHBE(LERDOE > T ELY VIRIK OB LENEYH I FEEE S 2
E L, B ZDOHELEOBNTO I EBRNIK AT OBRBBEESEME k> Twiz Z
EDEHS TR 5T,

DOWT, MXICBITLMEEL T I/ BORIGER % LT 2 /- 012, MHEE & PAA B2 HIE

Table V-6. Free carbohydrate and amino acid nitrogen (FAA-N) levels in gastrointestinal
digesta after feeding (mg/g)

After 3 hours After 6 hours
Test Control Test Control

Gastric digesta

Free carbohydrate 127.3 84.2 121.4 44.5

FAA-N 0.65 0.71 0.64 0.62
Intestinal digesta

Free carbohydrate 92.8 74.9 121.0 69.7

FAA-N 6.45 6.00 6.90 6.00




LT, Fig. V-2 ORI HREE, MXOMEEE: PAA (HIZEEH 3 FFH& £ Ta# LR L
Tzo &2 A, ZHNLUREEE 6 & F THRAIX Tldv 3o b A ER 2R L e o st
LT, ELY YIRMIKTREPICERE L, L2L, WIFRORROMBEES & ' PAA {EIZ b
BEZXKEERZRFED S5 T2,

150~

——~

—_—

E

(] o

= =

: 100 1

o =

E ——
3

Q (=]

%2 ~

o —t

Q (o)

3 <

— 3

o

o

o

_

m

Ol 1t ! l 0

0 3 6
Hours after feeding

Fig. V-2. Changes in blood glucose and plasma free amino acid
nitrogen levels after feeding.
@ Test, O Control.

Blood glucose.

--------- Plasma amino acid nitrogen.
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L7z,

Fig. V-39 L 52, BHEBOT Y U BRBRIEMEIC I3BEE 2 KEES 2 UL 726
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Fig. V-3. Changes in pepsin-like activity of gastric tissue and digesta of eel

after feeding.
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Fig. V-4. Changes in digestive enzyme activity of intestinal tissue after feeding.
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Fig. V-5. Changes in digestive enzyme activity of intestinal digesta after feeding.
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Fig. V-6. Changes in activity of some hepatic enzymes after feeding.
O Test, @ Control.
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D D E L, WTEEMERIZ 8 BEEE, -, TOBERIFEIVESE 1 HCTIER/L BN
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Fig. V-7. Schematic flow chart of free carbohydrate and protease activity in
gastrointestinal tissue and digesta at 6 hours after feeding.
Values in this figure were expressed as ratio of activity and concentration in
Molsin diet group to those in control group.
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