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Development of Practical Feed for the
Abalone Haliotis discus hannai










F OB AE NPT RRT RN
o %o BOOI ROT Mo Ho B T B op of
o R H NS HNR T
W
ATﬁoﬂﬂLoT@.H‘_AT&oﬂiour_ﬁc&.
L mP o T R R T ko e P d
N i3 & BN N A R op W R T R
S WK F
= = oF
_.,Tﬂﬂ
ild| 5ot
W o
N~ %o B

|

AE g s AR AAY H4F B2 AEFYoh

%
=2 o«
2

2
B BIA

h Y
o)At

<}
p o

ol
Ao 3






kO
192
MO

1. A =

e w@AE g

2. ATANLY B4 o F24

HEFE AAHLZ 1009F ool EX3tn glon, sygde 25
(Haliotis giganta), SZRE(H. discus), N EE HAE(H. sieboldii), LEA}7]
(H. diversicolor superfexta)$} A E(H. discus hannai)el A2t Ut A
2 B45& nejste Bo FAEo] 8 vt M HAE FA dEF2
2 AZEY, 25T B2 d7AS =80 g3 e A5 FRAYY 7e
o] Zy=of Ut ol AFL AGRE vie nF F AFLE AYE F
olgtm, Yo% gy AFog Y& AAY Aoz AMLdch

AEe F2 AFFEE A3 FEHE dxAdd Rt ZF 2719
Ag Al 83t Ao ojFfolR] Jgon HEHOE AT FeHoE &
Algo] gt} AT HZ AEFA ] gt o] golFol et BEE &4
FZo A FAddte Xo] A3 FriHLUE ABoldt ¥l A JMF F
L&A jEojol & AL T AT MAEA, A AP AAE =
d & e HolFFolth oleigt gF QAE F FAHolY AL AF A&EF
A AARI k) AlRE FolrtEo] AAHE 2HE £ A3, 53] AlRE ¥4
29u1e] At o)} g AAFE FLE Q4AZAM PN AF LS ARY ¢AH
R FA AE A8 ¢+ A T4 alelth



[E FRALLS 7] o|FREH ARzt 22 s ¥ AANA #2E
F HolZ AbS st ZAF lom 7h7te] 71 & Fele oA wEjdte F4 &
dstAy vigtol R Aot AE FRE viod] BFIHHE YE&o] 50%
ojatZ A {FAFZE FAM FT FAH4Y Apdle A& Eo] QY oA E
Aoz <A A ARt BB S4E Hol2e F=2 vy, gy, A
Alotel 22 HA HolE AMslTI A& e dxvHoly AxgAntE F
Holg2 A3t e dAoln. ol2F FdYols FHol BAHE ¥ ofY
2t 7HA 9] MFol Atz FF R B Adag § AN EAHE #E
317 AsiMe BE HTE sigARY Mol AFT Ao AT, F
el M= o272 A% AR ZF 78S A ot 83U FHo] BIls
g dAoln, oA FYSHA A= AARE 7] HA ZAFA HelA o}
¥ £t

agPM & FHAl= A5 Iedgas a7%, d¢ Ats dA A8 o] &
A& TR olE V2E AR AIEE S 8L FHE R BHo] &l
&, g8 48 WA EE AEsty AV APE T FHBE ¢
R oA E Foidl 71qstuzl s HUY.
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2 A= ol A FAEHAT, 1AM ARALE 7)o
7 He d7gES F2 £y YEL, 2a3 50 = 4832 dHo] £HE& Fol
ol o} o] F3P3tAt.



AME 98 Y HWrl: 5@ Ad 2 HA Hoh)of HEEA

l
AteAdA 2 Az
!
Atg el Y dAY oj8A: FEAH Z AEAL 9L o84 9
d
BEL 87%F 7 A2 € @53 E o84 71

!

H7HA H7AS: 2F H7HA ol &3 79
!

A8ALE AA 2 B7t
{
Vitamin®} mineral 37} &3}
{
AR 2 AFRA] A AMS U

1

HFALERZ AL Al HA shelter ¥ 7F2 AT
!

AZE 2 ARPRe e PR F84 BH

V. 772 gl gl ot 79

1. A Ao
D 2tg 989 J¥sy ot
(A 2 Hd Fol)o AP R(SWA, A, &, J&, 4§32
], Amino acids, Fatty acids)g #2413t 438 Algdo g9 o]gAL
FsT AR 4AA &8P



2) A8 WPALE, A7 AlHAIE 2 AAE B2

HEL F2 ol gol2 HAHsle olgdo g Holg HAsted 2EH A
Ztol Wastxn, ol H4H AR A2 F47t T2 HA fEHA &
ofo} it} ojet & AR 7 AAARL AIRARIY AMExP met @
2], Be& AFAEC] AR EYolU d44L FES RS AH A8
o] ¢ YEFS d3zds FEdd FHAA 28A4A BFEL2 AFA
v WYg AMgstn ok shAIRE 2 Az g AR FAHA ¥k
o agA B dFdMe doz Al4d AP 7128 A8 E A A
3 494 ulgAEY H%H MFAE A8A Gkds &Y T A HA
Zbol @ ERE 237 st DA quAdez FHAR], BFolk,
et aE Azxojy 22, 2R FEHE AUt FAAR
AAMMEES 21% AHES A8 uigAs & A 5%, 10% % 15%2 €3
24 (CaCly) ¢80l 42t 10&, 20% 2 6027 7o SIVUEEFS #s
doz N@GAY 9F 4P vFPAEE Azt E3I, = viFAE 2
2%, AAREZY) 2 aPAES AR EFTFE ARs AY WA
g9 vimsgdh HEAF 03 g9 FAE XNHE 4 ART WELR 17533
AL YT AT, HE BEAF, THE L ASEL Jxvy FEH e
#e Hgon, 1 9 d4YTe AYTU FAT Aolrt AAUTHP>0.05). B
7PN B e 15% CaCl, £8%0) 1027 M2 A7 dxvdprt
$e e BYoy Ao e rhaRe FACNME ZE AP FAA Aol

Bolx] gt A4y F8A £8, did 2 3P FFS AR dFE ¥A
Ft o (P>0.05), X AFHFL AFA wiFALE Y H7tE APFolA dotAe
3 HYTh o4 AAZRE uFAEE Y o daFAFe] v
AHAIZHE AR A% AR 2 JFg& vAA Rt RAo2 YEge
o, B Ay HAY uPgAsEe dxvdRd AFEH) 2% 9F A
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#ArES O Heol 5% AeE Y AF FHE ajPALE dFolA o
ZAIEE AHEE F U8 Ao E g

3) wigAts o] SR Hr}

AL SRl o] F2FA T oo & AL Alg 9P FA
g g, FHE AR AN oy FFe 20~35%2 B gl
O Ats S FAL duidd gt 2y, FHE AL casein
ol 7k F2 d¥de g BaFo] g, s F Aol vl M} &
T3 gdde g g s ok ATt o] g casein 7hF o] MM W&
of ZAHQ wigAsdoZM e FARE o2 Yzhdnh £, R F3
< F7, 7he B, AN 9 o mg g Aolg Holrle s, A=
2T o] 60% o2 w1, ojFel B FIL, 53] ovjxat 2
dol nE2A #FoA e FAY ddo|Aw}, spAo] WM FFo] Bt
43 A 5 2AFC AL vk mehx FA AabHlo Ayt o] g A8}
I A= AFEBIE A7 dEME @B caseinoly ol E S diAE #
e #MI, FEol AAHY A eNFYLE e o] AlFEeh g &
WALl A Grhe AR e A-E FAAN I, AR GVHE WEEd 7E2FHA
A7 2 ¥ oty do 2 ALd AT AEE AAMNFY £ Ut wEp
2 AYddMe 35 AR AT dNFA S 2AE) Y3t FHAIR], o

=, S8, FEE EE, Ty, EEFY 9, HAY, nigE, AWEs HUkg
AtE ot M Yol Augat Ax AutE HA3te 2 o] §AS vlw3}

Ao AT 011 gQ ANE AFFzuich 7078 $83te 1853 A%

3 A3, YEFo] A, BLolR, S, $EE, vy ANES FHI

AETFES MEZ FAAQol(P>0.05) € AdrRTt 5 AL Bt 43
TE HFHFAFL 027~074 g0 2 BAFojB S Hrs AFF7t 074 g&

2 /b wgton, URN L 092w ¥ 4PTECl BYoiR FrT
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o} f9) &l atolglo] (P>0.05) ¥ 3 F#E B A H7t7e 064 g
o2 Bopol® Fripste FoAE Hgou (P<005), U5 ¢ njdRy H
b7 2ozl A (P>0.05). theoe dAutn A9y H7b¢rt 055~
057 g2 33 A4S Hgon S HsTE 044 g, AE Hold A
I} AZ Ao FETE 029~034 g, $EEFH FSFH Z Hr+E 026~
027 g2 Yeton] d8 ¥71771 019 g2 718 ¥e g RAd. 4
23 4% 2 2tnx PFFAT A3} FAG AUk 4F FEA MR
of =B il ¥k z}z} 785~796% ¥ 13.2~142%2 Atz e A Y
ol Ao Fgg wx LATHP>0.05). Tetr] B AFPAA FHol FRE o
AL FAEAIZ S guidoz AMESlY AR E AARYYE HAHEYG ¥

B8 Al 4 2 oFY duRdeR vff T AFS 233t
o, @717t 08 dda gl visiM A7) Fo Atg e AdS A4 F U=
JRioltt BFE o]&A L oF wi ZHAE Aoz A U
S o7 A5 HA @5stE FFE Loisk FEol 47 10% R 20%=
whol] A Yol 0% 7A H/ME & Ae AR AU

N=FE F Holz2 437 o dstE o8] & ALE
U A8 g@4atE o842 obd dFHA itk M & d¥S
Bo] ogoFg Tol BF AT d#oz Az HAA @55 TF L Y7}
< 7937 st AAEAT FHAQ, BdoiR 2 diFue gudde s
5l AYPALF o] A& dextrin, a-potato starch, @ + 8 -potato starch, sucrose
2 Z}z} 209 Hryslel 1 o] &AL HUEE R, a-potato starchE 159,
20% 2 25% Frrsle HAY FFE ALY, FHAY, FFoIE, T
F2d Y A4y AnEe] YUt 6EE 2R @FHE FFol 20%71
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HEE 3 A¥7E dASAC AALe2 2 A { WFERS e A
I, AFA 2 FUMGEEFS 23% Fristd e, dddoelz Az gA|vte)
e FA3E Fol APt viasdch dg8oz F A7)
V2 AW(HITAF: 125 mg, B4 1 cm)E 40709 2 AP52(20 2)°l
60utE] A o] viAsl 2z} AtEd 4¥E 02 2037 AMSAYEAT % 5 F
AR Pz #8449 AW AA FAE SH}HeH, Hole 2¢ 13 2
~2 g ¥ F9319 1, 91 G 3FE Yol FH FAJA
o FFFE 3L/mnZ UL, AAF70 FY F&¥stE 9~20T AT

20570 A5 Fo 4EES Uz tAvte Az v9 7t B AE 7RG
RLATHPL0.05). 4EFEAY BEAFH SAH S-S a-potato starch 20%7 2

sucrose 20% 77} 7} Fo} AZX gAlnl, AZ vl 9 g-potato starch 15%

)
PN

N

it
&
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FHRT FoFHoz =Ua(P<0.05), AHWE dextrin, d-potato starch, o + 8-
potato starch, sucrose 20% %7} &, a-potato starch 25% 7}, &% H7}
T Aol M= MR ztolz} AT (P>0.05). A4F F8A] A3 3 &AWL,
dextrin, a-potato starch 7}FEo] MZ FoAagle] g AFFR} U1,
Aol 79} o -potato starch 25% F7FFEo] R & RATHPL0.05). ©
el AAZRE FAE AR @ EULE oW F/RE AHEEAE F&
Ao 2 HUHY, ¥ &53tE FFe 5% HF7 HIY Aoz JoHLt

5) XA B}

A2 Fo) AR AUALe M vhe FaF Bohiz} A JHE7} &
of g Atz BHAL ARAD 4 AE 2T FYLolth 538 Aol B
wel AYHE MwY ol Aol B 4L ANME 1 olFol fFshe
Agare) TFeh Fol Atmol Azbslolol Bk TelA B AWe AuE N
A2 HY AAY D BEARAE EAksh) Fetel AR BFolp e 2
4 wvaEez sn ABun AAAe gal Wrlehd 330 2A ALY
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& ANsATh A AY 2F FFAF 160 mgd ANE 2 2o 1009t2)Y
4838t Algoich 3yrE o2 2037 Ag AP

FHAIQD Atgel AWt A7 An: dRAYG FHAQLe = dof A uabo)
23 H7Hd 639 AR FH7HE, 120, 181, 182, 183 B n-3HUFA
A7bME AL AEE 2, AEE, 3% Y4aAdF, S48 € R Fus
AtE S x| hibel]l &S vz A RTHP>0.05). ¥ B gL A 23
7} (Fat-free) 9t n-3HUFA H7t#7} 743 2obA 1813 182 H7h+9 9
28 HATHP<0.05). 7HA %o 83 dWd §3e APFed 2107k A
20 (P>0.05), AEL& A4 FH7FE7E 0.5%2 181 H7HF9] 0.7%S 3%
A}o] & 1B Y THP<O0.05).

FHAIQA Atgso] AAQ st A DAY S FHAJLE o Ao 3
#(SLO), &F5/(CO), $A(BT), SLO+CO ¥ SLO+BTE ztz} 5%4 7}
S MPAIE R ALS Y3 A, AEES HETFT /AT 2ole gie
WHP>0.05), #FHIAZF, $4& ¥ Z4FL& SLO, SLO+CO ¥ SLO+BT
(n-3HUFA #%: 05%) 4877} CO¢t BT 4¥8+Et & as Yehuddldg
(P<0.05). 7HA % HAFFE SLO+CO ¥ SLO+BT 4¥+F& SLO A4g 79}
Fotgle] F& ZAAE BAXY, CO% BT7F 4¥F+< SLO 4¥FEYG #
oA e e BRATHP<0.05). 4F F8A 7HARe £ dd e
AtE 9] A AP FFS A GkAN A g2 SLOY HrkE A¥7(SLO,
SLO+CO, SLO+BT)7} COHENTRT A & S B JYThP<0.05).

¥ Alsdd AZY A7 59 HLHA FAE 123y ddgoes

ol J7HE Atsd AAE AU kA &2 A8 9 SLO, CO, BT, SLO+CO
2 SLO+BTE 2% 5% 71 AR 2 AMS3 A, ASELS A487d &
27 FALHP>0.05), TH&S BT SLO+BT 48771 AA TH7} 7
(RAAZF: 22%), SLO ¥ CO APF R FostA FATHP<0.05). 4¥Z=
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qeuz38e4234)

Al 7 R-o] &3 S d e Als A JIFg wx] FAg, AL
Ate Ad G A D G ol AF F IR 7B FoH(P<0.05).
ojdel AHS2HE FAEL & FF AWHETDE n-3HUFAZ} 0.5%0°]
2 ERE AAE 87ee Ao FXEoh B offo] HtE ARl XA o)
2% ol’dd d= AEE F7I2 FUiY o e Qon, AFE FE B ¢
ARTE olfu HEA 78S Frhske Aol wiEAY zoz sddd

6). A7 A S o] A

FAE Aot He HxFS 42 E FTHA FR/E spirulinaE A}
g9 A7tstd AR AREC e TS 2AE) Y8, SR, T
gh, MRS F duFddo 2 Y AAR(HER) A e, v, gAle 2
EANE WF Ed8td AUl A, spiruling B AEE v GES Hhsto
& udAs e 9l A A o] 4z 34% ¥ 75% WEIL HEE A
BAch Eg, A Aol dx w9 e AAslY 1 AFEAAE 4 wigAte
s} vlmatgch FFAFOl 65 mgl FAE AN 2t 4Y F=vich 1007}

¥ AYatgcich 2zt 4 WE o2 $43e) 2057 AL AYSATH
ot 98 4HETE A¥E OgD 2o 249 A, 4o, 4
ThAleh R AR Frbate) AL A A Al Hobre HFAF, FA
g, 7R FF R HIAY gol Az g B sbY Aol F& AR
g 2ol HATHP<0.05). Spirulina® 5~15% 713 43
T AEE, WTAF, FAE, MY 3% 2 BFAFE spirulina A7t BB
of FFES WA WYL, HEFAE 2ol HolA] FUTHP>0.05). AZ 9F
T 10%9 20%¥ H71s 47 AES, YTAF, AL, MR 53 %
Ha 44L& AR zol7h Alen, dzx7y Auly B8 HIMFAE Ao
7 ARATHP>0.05). HAIT F4 oz wd R Hrpuz ¥& 20% H 79
AL 10% A7/TRG 1 Ayl ga A2 A0S Jdehfo], mabu ®rt
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T FAAE EHUTHP<0.05). A=A Anly FFT79 HEEL 13%E 7}
Z 2R & MFAIEFEY 77~-87%d= oAz Ao oi(P>0.05),
HEHAEAF, AL, 7HAF $2, 39433 € /R QARSI Az
T S EIATHP<005). Y19 2R Hol FHEL wgArged MdslzF/2
GAleR T 2aRke Fobeke 2ol A4S o MAANE + g Rez 47
0, spirulingg 4% N EFHo2E oMY et S e dadHg
£3, vg2g WAL Hotg dele 10% stz Frtste ol wig 3
g Aoz B

7) A8AE AA 2 B}

BFABgor vt AANY WYAEE /Ls}r) gl oln] syd 4y A
stg uigo s MidEE d89 247 F28)9 WHAIRYRS] @i} ke
2 50009914 8009t Zelsted 924 £94R B AAHo|(AZ0]H)s}
O A%S PRI HoAF 120mgd] B @& At 27709 2+ A
Pzol 70ntel A Qo] BN s 2 ALR T 3WE o2 7)Y AFS Aty

AVg A, AEES 71~90% HARed, vd FFT %R A we
@ A HE AT AZF, AL, MR 2, AFo] dF SR F),
BT 44 2 Z4Z22 AR @b} 50004HE 7 vl Agd Az nyg F
F771 035 go 2 74 2e @t Ba B APT7e} AolE B O v(P0.05),
39 AYAEES N2 Fx7 AR A YATHP>0.05). AW E8A] 714
2o YWMAE FolM FEF HBL YT M2 Fo27} YA E>
0.05), BHd e AR ©r7l 50009t AR} 7hg wten], A7 @

& Az 0477} 073%2 7P RATHP005). At 2ol Byt 7hg i
A AT 99 AY MPARE 942 £UAES HNRSHHS B 2 BSo] A
8 sx|x] e Ao Hol AlEe wrlE kg 1,008 HFE wold gl
S ZAoew Agdr)
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8) ZAI A A wiFALE W 2R, JolF A, shotA 2 Ao Hr} mn

7120 AAE ZAAHA MFAse] A AFE FAAINAY AL
MAXNNE d8E ZAEY] Y8, dRALE (Con)ot B A wigulol 4o
E 5%(SM), Aol&Ed 05% (AT), 3FA 1% (HE), Lecithin 05% (LE)
2 3HeFAl 0.5% +Lecithin 05% (HE+LE)E z+zb H7lsled & 659 AY u)
HAEE AASUG. =@ AFolN 498 HEANZES YA vz
Plust At HIAF 150mge FHE s oz 2 AlsT 4t os
1857 A% Ao

AbE AP A, HF HIFAFL 610~700 mgL 2 AR fefxiglol
Agsten, AEEL 89~96%2 MZ RFAAANP>005) ¥3F AHE
Bt A& et 7MY HE AFE7) 406% 2 7Y oy B A9
T 320~379%9 FAl Fo3% zole AR A FATHP>0.05). HTF 7hA 7
%, AT g AR FF v, A3, A4Z, A3 dig AF 6 @ sy
o] YRt E(FE, 9ud, A, J¥)= AR #Fx7 AATHP>0.05).
Ao} gol Z+F kAl HtER) gle AL v]Ro] Hol o33 FF9
A7He A8 4 MAS A wigAEd H71E g e Qe
Vil

9) vigtyl # o E&E HUt F£F

283U WA ATHNG stHde A8 AU viFALE 9] formulation
< A% MdHe AFAEFAE 6 golve W, BFFLT4AY HA FUME Ha
gtato] AtgA7HE Fole @7 "astth ol S uigAtR o U7}
He e s 33 JrteES 18de e W Fasic
M2 AdTe o d7E H8HA WPAR 2YSE AEE AZRIIAUS o
A7 Holol & niElR ¢ ojuld EFE FF S A7l A vitamin 2
mineral premix®] F7lrES 223 9% 43 wiFAE S LA widE
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© AtE989 YrHkg T 550¥€9lA 1370)8 28 AT YAAF
100mge] FHE Xsj& HdEslo 2 APy 700ty dol wixstd 2t A}
8% 3WrEoz hY ALS Agsd

A8 wiule] vyl EFE0~2%)7 vdd ETFE0~6%)E 2%
2 718l A A ET o, AE2 8L HER EE0] 1% € 2% #ot 4
P79 vluld EFE0] 0% L 2% F7t AP77) 89%E HIEW EYE 15%
A7V 7o 05% A7be] 78~81% Kt ERHP>0.05), A A& Wl
= AtE e HEE e oyd EFEY HUl w4 e 5E FFE AN
th HF JIFAF, SAE, 7HF FH, AFol A R FF, 4R, 4
Z gl zZpAo] uigh A Fule gEL AIS 9 viEw ¥ vy FdFE BA
ARATHP>0.05). HF 714 £EL 752~779%2 43 A12A19] 814%%
ot Ao, vuld EF/E 6%H7M7I B2%E M FRTHPL0.05). &
WA e AY AFAEYG AY FRA dAZ Eolilev, vivd &¢
E 6% H7177F 158%2 78 ERATHP<0.05). 48 A1ZA] 097% A9 A3
Fgeke F3A 131~1.65% ¥HE BE A¥FAAM F7EHAeY, ohild &
TE 6% H7MF7F M B @S BIUHP<005). AEFHS 4y AF 28
~31%HAZE M2 v & FA}ALH, 4 FTEAdE ¥gY EF
B 237t AT 7 ERTHP<0.05). oo A2 RE B Ay gy
AME HER EFEL MY EYEL YEE BIFA Yolx E A=
HaE Y, AlRD7HE 5009 d/kg7t A BRAEE F Y& ALE idiEct

10) WA 2 ddHo] FEA A AS Bk
FAE A A AES TS FHer 3T 214 841w AHE 4
2 uiFdAts R HEAHE A4 FFEW, 44 ASUEE m'T 1,430,
2,860, 4290 € 5720vte]2 AA 3 1552 A% 48 & e vS7 2o
2 43L AF AFA A B 43 841m AN E 155G AHS
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F, FALE 1,4300te} 7oA 17.19mE 714 =4 JYEbgn, WALE 572001
Foll A 1169mZ 7H Sskeh A% MPAE FFAY AL YRS} Bt
gor], Z4Z g zZtux e ZPOATHP<005). AF L 4¥ A=A H
0.05goll A A F85A] wiFALE 14300t2] 7oA 066gl 2 714 EA el
T, AAE 5720012 Fol A 019g o2 744 RA el wEAlE 333 ALY
UE7t FLS5E Aapo] WHTHP<0.05). AELL MPAIE L A2F AGT
BT YRV} $EFE S AEES JERNQTHP<005). 7HAR AR
Az PR T $E 2 D] £xE YALR v R Aggo|n, A
A2 3R e APt 2HY AFUSAME FJHQ o) B

¢ 4 AATHP>005). £ 4¥S EHstd B9 Ho|ZHEE MPAIZITIT
7t AEFEITED 4% 2 4220 S AYL Yehigden, AgdsE
FSHE A P AESO) TR 2o WEAR 14300t T WAL
286002} Tobe 24 4o B FxtE AAUTHP>0.05). 1B XH H
#F244 841me) ALSYUSE 2860vtal/molstE AMg el e Aol ABHY
Rog wodYg,

i

A
1x

3

Zs|

11) wigAtE Fo9A] AA shelter RAF @ 7FAMS &3}

olp] A7 HE WAt 492 AR &M AFREE AF HA
Shelter 7f&oll #& 71228 & ¥7] A3t shelter B, ALEE, AMSFL
2 4(shelter) X 200§ & ALE, P H) X 2(AHS42) factorial designS 2 47] 437t
Abgete Ad) B&RE ARE(AR, 43, AE, 1F), AEE, 90 83, o
T ARE TE ZASIAT AR AL T AASEELE 29 A$ )
2L 132~179C(H T 1647), AAFL 83~179T(H&F 13.7C) HAFL
o, $E4AE 7259 A$ 463~9.27mg/ L (BT 632mg/ L), AEF L9
%] 36~9.40mg/ ¢ (B 758mg/ £)Act. pHE 7F429 A9 595~9.32(H
09), A+ A 595~939(HT 814)W 2w, Salinityes 7h4-2 0]

o T
o
)
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33.8~34.2%.(H T 34.0%), AAAF20] 33.8~34.2%(H T 34.0%)°l A} A=)
25 Shelter 47} 63%= 714 £ Ao FFEE B Y2, Shelter 3°]
508%2 713 @& Ad RAES Bk Ao 43 43 ¢ A AFAFe
Z}z} Shelter 1(7}%—7‘4‘3}}@/\}-3 gl Fd 234129mm, 110.8m=z 7}
Egten, Shelter 4(AAF+o]9F)7F BF 181+24mm, 63.3m= 71 ¥
S g B AHY 4F HH 2 4T 4FF S 47 Shelter 10H5+
Wi ALE Fod)ellA Ha 164123mm, 75.8m=E 71 ¥3ke ¥, Shelter 3(7H&
F+o9g9)7t BF 1261 7mm, 422mE 71 #& 48 Bt A9
2o A R A AL 242} Shelter 1(7FF+ 8l dALE Fo)olA HaF
51%+0.8mm, 19.2mZ 7}¥ E%en, Shelter 30t &F+u]dFo)7F HF 38
£05mm, 83m= 7H¢ #& ¢& Btk AN IF 4T R A% HRZFe
217} Shelter 1(7F +ulgAtE S0l BT 1.66£060g, 1272 M8 =
ko Shelter 3(7}24+v|gFof)7F Had 069+031g, 46mg2 7HF ¢ g
< 24k o] A& @ U AAREL 7 Shelter 107125+ 0197
A 98%=2 71 £& AIFEF 168x10° 2 7HE B U AIRES B
o Shelter 37} +u]ggod)olA] 745%2 71 & MEL I 2456X
1072 713 ¥ 497 A% ES B4t Al ALE 2N A 29 38
2 AYF AFAe HlE) RolAle Ao, Gl Ay 4 FEA F
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Summary

The object of this study is to develop practical feeds and feeding pr-
ograms for abalone (Haliotis discus hannai) that is commercially important
shellfish in Korea. This species has several desirable characteristics for
aquaculture including easiness of seedling production and withstanding in
high stocking density. Farming of the species has been rapidly developed
since 1990.

In culturing this species, raw algae (Undaria and Laminaria) or imported
commercial feed has been intensively used. However, the utilization of these
feeds cause many problems such as increase production cost. In addition, a
stable supply of fresh raw algae has become increasingly difficult. Therefore,
for further expansion of abalone farming, it is essential to employ formulated

artificial dry feeds which can support reasonable growth.

1. Effects of experimental formulated diets, commercial diet and nat-

ural diet on growth and body composition

This study was carried out to investigate the effects of experimental for-
mulated diets, commercial diets and natural diet (dried Undaria) on growth
and body composition of Haliotis discus hannai. Experimental diets was
formulated to provide 34.1% protein and 7.5% lipid, and prepared by different
CaCl; concentration (5, 10 and 15%) and dipping time (10, 20 and 60 second)
in solution. The juvenile abalone average weighing 0.3 g were distributed in

a flow-through aquarium system using a completely randomized design with

_19_



13 diets and 3 replicates per diet (50 abalone/tank), and fed diets for 17
weeks. The abalone fed the nine experimental formulated diets and two
commercial diets showed better growth performance than that of natural
diet. No significant differences were found among abalone fed the exper-
imental diets and commercial diets in survival rate, weight gain, soft body

weight and soft body composition (P>0.05).

2. Evaluation of dietary protein sources

An 18-week growth trial was conducted in flow-through aquarium
system to evaluate the practical dietary protein sources for juvenile abalone
(Haliotis discus hannai). Three replicate groups of the abalone averaging
0.11 g were fed one of ten diets containing casein, white fish meal (WFM),
meat meal (MM), feather meal (FM), blood meal (BM), soybean meal (SM),
corn gluten meal (CGM), cotton seed meal (CSM), sea mustard powder
(SMP), or wheat flour (WF) as a dietary protein source. In addition, these
dietary protein sources were compared with natural food such as raw sea
mustard Undaria (5-M) or dried sea tangle Laminaria (S-T).

Weight gain of abaione fed the diets containing casein, WFM, SM, CSM
or SMP was significantly higher (P<0.05) than those of abalone fed other
diets, and this value of abalone fed FM, BM, CGM, S-M, or S-T was lower
than other groups. Shell length, shell width, body wt./shell length ratio, and
body wt./shell width ratio of abalone fed casein, WFM, SM, CSM, SMP, and
WF were also higher (P<0.05) than those of other groups. There were no
significant differences (P>0.05) in moisture and protein contents of soft body

among all diets.
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3. Opimum carbohydrate source and level

A 20-week growth trial was conducted in flow-through aquarium system
to investigate the practical dietary carbohydrate source and level for juvenile
abalone (Haliotis discus hannai). Four replicate groups of the abalone aver-
aging 0.125 g were fed one of eight isonitrogenous and isocaloric diets
containing 24.2% wheat flour (WF), 20% dextrin (DEX), 20% sucrose (SUC),
10% «a -potato starch+10% B -potato starch (ab-S), 15% «a -potato starch
(a-S15), 20% a -potato starch (a-S20), 25% « -potato starch (a-S25), or
mixture (MIX) with practical ingredients such as soybean meal, corn gluten
meal, cotton seed meal, and wheat flour. In addition, these formulated diets
were compared with natural food such as dried sea mustard Undaria
(D-SM) or dried sea tangle Laminaria (D-ST).

Survival rate, weight gain, shell growth and soft body weight of abalone
were not significantly affected by the different dietary carbohydrate sources
(P>0.05), whereas those fed a-S15 diet were slightly low. These values of
abalone fed D-ST were lowest (P<0.05), followed by those fed D-SM. Lipid
contents of soft body from abalones fed a-525, D-ST or D-SM were
significantly lower than those of abalone fed other diets (P<0.05). These
data indicate that abalone can equally utilize any carbohydrate sources, and

that carbohydrate levels for abalone would be more than 20% in diet.

4. Evaluation of lipid sources

Three feeding experiments were carried out to evaluate the effects of fatty

acids and lipid sources in diets containing casein or fish meal as protein
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source, respectively, on the survival, growth and body composition of juv-
enile abalone (Haliotis discus hannai). Three replicate groups of the abalone
averaging 160 mg were either fed casein diets containing 12:0, 18:1, 18:
2n-6, 18 :3n-3, n-3HUFA and fat-free, or fed casein or fish meal diets
containing 5% squid liver oil (SLO), 5% com oil (CO), beef tallow (BT),
SLO+CO, SLO+BT and not supplemental oil for 20 weeks, respectively.
Survival rate, weight gain and soft body weight of abalone were not
significantly affected by the different fatty acids in casein diets (P>0.05).
Whereas weight gain, soft body weight and shell length of abalone fed
casein diets containing SLO, SLO+CO or SLO+BT were significantly higher
(P<0.05) than those of abalone fed casein diets containing CO or BT.
Survival rate of abalone fed fish meal diets was not influenced by different
lipid sources (P>0.05). Weight gain and soft body weight of abalone fed fish
meal diets containing beef tallow (BT or SLO+BT diet) were lower than
those of abalone fed diet not added oil or diets containing SLO, CO and/or
SLO+CO (P<0.05). These data indicate that SLO or SLO+CO is good
dietary lipid source for juvenile abalone, and that these oil supplement in

diet is not necessary when fish meal is used as protein source.

5. Effects of supplemental macroalgae and spirulina in the diets

A 20-week growth trial was conducted in flow-through aquarium system
to investigate the effects of supplemental macroalgae and spirulina in the
diets on growth and body composition in juvenile abalone (Haliotis discus
hannat). Four replicate groups of the abalone averaging 65 mg were fed one

of ten isonitrogenous (34%) and isolipidic (7.5%) diets containing 8.1% Ulva,
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75% Undaria, 11% Laminaria, 11% Sargassum, spirulina (5, 10 and 15%), or
dried Undaria powder (10 and 20%96). In addition, these formulated diets were
compared with natural food (dried Undaria).

Survival rate of abalone were not significantly affected by the different
dietary macroalgae sources, spirulina or dried Undaria powder levels (P>
0.05), whereas that fed natural food was slightly low. Weight gain and soft
body weight of abalone fed the diet containing Sargassum was significantly
higher (P<0.05) than those of abalone fed diets containing Laminaria, 20%
drnied Undaria powder and natural food. Survival rate, weight gain, soft
body weight and shell length of abalone fed natural food (dried Undaria)
were lowest (P<0.05) among all diet. Moisture, protein and lipid contents of
soft body were not influenced by experimental diets except natural food.
Lipid content of abalones fed natural food was significantly lower than those
of abalone fed other diets (P<0.05). These data indicate that abalone can

more efficiently utilize Sargassum than Ulva, Undaria, Laminaria or spirulina.

6. Evaluation of economical feed formulations

This study was carried out to develop practical feed formulation for ju-
venile abalone (Haliotis discus hannai). Three replicate groups of abalone
averaging 120 mg were fed one of 7 isoproteic (34%) and isolipidic (5.3%)
diets containing various practical ingredients such as casein, fish meal, so-
ybean meal, cottonseed meal, Undaria powder, wheat flour, spirulina, starch,
and/or embryo meal for 4 months. The prices (5000~800 won/kg diet) of
these experimental diets were adjusted by adding different levels and ratios

of practical ingredients. In addition, these experimental diets were compared
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with commmercial feed or natural food (Undaria).

Survival rate, weight gain, soft body weight and shell growth of abalone
fed experimental diets with low prices (2,500~800 won/kg diet) and com-
mercial diet were significantly higher than those of abalone fed experimental
diet with high price (5000 won/kg diet) and natural food (P<0.05). The
results indicate that our economic formulation (about 1,000 won/kg diet) can

be useful for juvenile abalone.

7. Effects of supplemental squid meal, attractant, herb or lecithin in

the economical feed formulations

An 18-week growth trial was conducted in flow-through aquarium system
to investigate the effects of several additives in the diets on growth and
body composition in juvenile abalone (Haliotis discus hannai). Four replicate
groups of the abalone averaging 150 mg were fed one of six iscnitrogenous
(34%) and isolipidic (5.7%) diets containing 5% squid meal, 0.5% attractant,
19% herb, 0.5% lecithin or 0.5% herb+0.5% lecithin. In addition, these for-
mulated diets were compared with commercial diet.

Survival rate, weight gain, shell growth and soft body weight of abalone
were not significantly affected by the different dietary additives (P>0.05).
Moisture, protein and lipid contents of soft body were not influenced by
experimental diets and commercial diet (P>0.05). These data indicate that

these additives used in our diets is not need for abalone.



8. Optimum vitamin or mineral premixes in the economical feed for-

mulation

A feeding experiment was conducted using juvenile abalone (Haliotis dis~
cus hannai) to investigate the optimum level of supplemental vitamin or
mineral premix in a formulated diet for practical feed formulation. Three
replicate groups of abalone averaging 100 mg were fed one of nine iso-
nitrogenous (33.6%) and isolipidic (5.6%) diets containing different levels of
vitamin premix (0~2%) or mineral premix (0~6%) for 4 months. The prices
of these experimental diets were 550~1,370 won/kg diet.

Survival rate of abalone fed diets containing 1~2% vitamin premix or 0~
4% mineral premix was higher than that of abalone fed diets containing
0.5% or 1.5% vitamin premix (P<0.05), whereas this difference showed no
difinite trend by levels of vitamin or mineral premixes. Weight gain, shell
growth and soft body weight of abalone were not significantly affected by
the different dietary vitamin or mineral premixes (P>0.05). Moisture, protein
and lipid contents of soft body were also not influenced by experimental
diets (P>0.05). These data indicate that supplemental vitamin or mineral
premix is not needed in our economic fo'rmulation for juvenile abalone,

therefore price of diet could be reduced to 550 won/kg diet.

9. Effects of formulated diet and natural diet at four different den-

sities on the growth, survival and body composition

A 15-week feeding trial was carried out to investigate effects of for-
mulated diet and natural diet, raw sea mustard (Undaria) at different den-

sities on juvenile abalone. Three replicate groups of abalone with initial
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average shell length of 841 mm were fed one of two experiment diets. The
formulated diet produced higher growth and survival than the natural diet in
abalone. Abalones fed the formulated diet have significantly (P<0.05) higher
lipid and ash, and lower moistﬁre and protein in soft body.

Same feeding trial assessed simultaneously the effect of density at 1,430,
2,860, 4,290, and 5,720 individual/m' on growth, survival, and body composition
on juvenile abalone. Higher density resulted in lower growth, survival. The
highest density also resulted in significantly reduced growth, survival.
However, body composition of abalone was not affected by increasing
density. These study indicate that the number below 2,860 individual/m' were

predicted to effective density in a abalone culture system.

10. Influences of several shelter types on survival, growth and body
composition of juvenile abalone fed experimental diet and nat-

ural food at different water temperature

Artificial diet of abalone has known to be very important for increasing
production improvement and “survival rate in secondary seed culture of
young abalone at the indoor tani<s. This sfudy was conducted to find proper
shelter for the promote feed efficiency of artificial diet of abalone under the
different rearing environment conditions (shelter types, water temperatures,
diets) during the 15 waeeks. The attachment rate, shell length, shell width,
shell height and survival rate was measured during rearing periods.

The attachment rate of young abalone showed the highest in shelter 4
(96.3%) and the lowest in shelter 3 (50.8%). The shell length growth and

daily shell length growth rate showed the highest in shelter 1 (Heated+Ex-
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perimental diet) 23.4%£29mm and 110.8m, the lowest in shelter 4 (Ambient +
Undaria) 181%2.4mm and 63.3um. The shell width growth and daily shell
width growth rate showed the highest in shelter 1 (Heated + Experimental
diet) 16.4*2.3mm and 75.8um, the lowest in shelter 3 (Heated + Undaria) 12.6
+1.7mm and 42.2gm. The shell height growth and daily shell height growth
rate showed the highest in shelter 1 (Heated + Experimental diet) 5.1 =0.8mm
and 19.2im, the lowest in shelter 3 (Heated + Undaria) 3.8£0.5mm and 8.3gm.
The weight growth and daily weight growth rate showed the highest in
shelter 1 (Heated+Experimental diet) 1.66%£0.6g and 127mg, the lowest in
shelter 3 (Heated+ Undaria) 069%*0.31g and 46mg. The survival rate and
daily death rate showed the highest in shelter 1 (Heated + Undaria) 98% and
in shelter 3 (Heated + Undaria) 2456% 10, the lowest in shelter 3 (Heated +
Undaria) 745% and in shelter 1 (Heated + Undaria) 1.68 X107 In the body
composttion analysis experniment, moisture and ash of body composition of
young abalone was lower than that of initial experimental, protein and lipid
of body composition of young abalone was heigher than that of initial exper—
imental. Abalone growth, body composition and survival rate are discussed
in relation to rearing water temperature, diet types and shelter types (form,

color, substance etc.) on the environment sources used in experiment.

11. Effects of experimental diet, commercial diets and natural food
on growth and body composition among juvenile Abalones (Ha-

liotis discus, Haliotis sieboldii and Haliotis discus hannar)

A nine weeks feeding trials was conducted in an flow-through aquarium

system to investigate the effects of three different formulated diet and na-
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tural food on growth and body composition among juvenile abalones. Three
replicate groups among the three species abalones average weighing 0.31 g
were fed one of one experimental diet and two commercial diets. Three
formulated diets were additionally compared with natural food, raw sea mu-
stard (Undaria). The three formulated diets produced significantly greater
growth than natural food within same abalone species; all the formulated
and natural diet produced significantly (P<0.05) superior (1.25-1.34 g) and
inferior (0.41 g) growth in abalones, Haliotis sieboldii and abalone, Haliotis
discus hannai, respectively. Survival rates (97.3-99.3%) of abalone Haliotis
discus, Haliotis sieboldii were higher than that (74.0-77.0%) of abalone,
Haliotis discus hannai, different diets had no significantly (P>0.05) distintive
effects on survival within each three different abalone species. Moisture of
abalone soft body in final stage reduced compared to those of abalone in
initial stage in Haliotis discus and Haliotis discus hannai. Regardless of
diet, abalone soft body revealed significantly (P<0.05) increased protein and
decreased ash at the end of feeding trial in all three abalone species. This
study indicate that all three different formulated diets used in this experiment

could be a practical diet in three abalone species.
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Shelter types used in the experiment - e 161
The diagram of tanks of experiment ..o 162
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23.

24.

25.

26.

28.

29.

The changes of water temperature daily measured at rearing tanks
from February 10, 1997 to June 10, 1997 oo 164
The changes of dissolved oxygen daily measured at rearing tanks
from February 10, 1997 to June 10, 1997 <o, 165
Monthly changes of attachment rate at heated water during the
experiment (ED: Experimental diet; UP: Undaria pinnatifida) --- 167
Monthly changes of attachment rate at ambinet water during the
experiment (ED: Experimental diet; UP: Undaria pinnatifida) - 168
The changes of shell length of juvenile abalones at the experiment
completion (ED: Experimental diet; UP: Undaria pinnatifida) --- 170
The changes of shell width of juvenile abalones at the experiment
completion (ED: Experimental diet; UP: Undaria pinnatifida) --- 172
The changes of shell height of juvenile abalones at the experiment
completion (ED: Experimental diet; UP: Undaria pinnatifida) --- 174
The changes of body weight of juvenile abalones at the experiment
completion (ED: Experimental diet; UP: Undaria pinnatifida) --- 176
The changes of survival rates of juvenile abalones at the experiment
completion (ED: Experimental diet; UP: Undaria pinnatifida) - 187

Variation of water temperature and salinity during the experimental

Final average weight among Haliotis sieboldii (HS), Haliotis discus
(HD) and Haliotis discus hannai (HD) fed experimental diet (EP),
commercial diets (CD1, 2) and natural food (NF) for 9 weeks.
Values (mean of three repelicate groups) with different letter are

Significantly different (P<0.05) - oooreeimimmieniieeiiit e 196
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Fig.
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31.

32.

33.

Average survival rate among Haliotis sieboldii (HS), Haliotis
discus (HD) and Haliotis discus hannai (HD) fed experimental diet
(EP), commercial diets (CDI1, 2) and natural food (NF) for 9 weeks
Values (mean of three repelicate groups) with different letter are
significantly different (P<O.05) wrvreeerressssrmsisssmssrrisisissersssssssnersssnsas 199
Weight gain among Haliotis sieboldii (HS), Haliotis discus (HD) and
Haliotis discus hannai (HD) fed experimental diet (EP), commercial
diets (CD1, 2) and natural food (NF) for 9 weeks. Values (mean of
three repelicate groups) with different letter are significantly different
{PCO.0B) corrveeemmormmmmer et ie e e s st sr e e e s et aa s e s 200
Ratios of soft body weight (SBW) to total weight (TW) among Haliotis
sieboldii (HS), Haliotis discus (HD) and Haliotis discus hannai (HD)
fed experimental diet (EP), commercial diets (CD1, 2) and natural food
(NF) for 9 weeks. Values (mean of three repelicate groups) with
different letter are significantly different (P<0.05) - ovvveimnnnn 202
Shell length of Haliotis sieboldii (HS), Haliotis discus (HD) and
Haliotis discus hannai (HD) fed experimental diet (EP), commercial
diets (CD1, 2) and natural food (NF) for 9 weeks. Values {mean of
three repelicate groups) with different letter are significantly
different (P<O.05) - vevrrrrrerresressssessssesseesesessesssesesesssssssesseseesessssiees 203
Ratios of shell height (SH) to shell length (SL) among Haliotis
sieboldii (HS), Haliotis discus (HD) and Haliotis discus hannai (HD)
fed experimental diet (EP), commercial diets (CD1, 2) and natural food
(NF) for 9 weeks. Values (mean of three repelicate groups) with different
letter are significantly different (P<0.05) oo, 204
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Ratios of shell height (SH) to shell width (SW) of Haliotis sieboldii
(HS), Haliotis discus (HD) and Haliotis discus hannai (HD) fed
experimental diet (EP), commercial diets (CD1, 2) and natural food
(NF) for 9 weeks. Values (mean of three repelicate groups) with
different letter are significantly different (P<0.05) -ooooiiveninnnn :'205
Moisture contents of soft body among Haliotis sieboldii (HS),
Haliotis discus (HD) and Haliotis discus hannai (HD) fed exper-
imental diet (EP), commercial diets (CD1, 2) and natural food (NF)
for 9 weeks. Values (mean of three repelicate groups) with different
letter are significantly different (P<0.05) «vrrverresrmsieisomiiniiinsiinnn. 206
Protein contents of soft body among Haliotis sieboldii (HS),
Haliotis discus (HD) and Haliotis discus hannai (HD) fed exper-
imental diet (EP), commercial diets (CD1, 2) and natural food (NF)
for 9 weeks. Values (mean of three repelicate groups) with different
letter are significantly different (P<0.05) «orovormrmnminsioerninnn, 207
Lipid contents of soft body among Haliotis sieboldii (HS), Haliotis
discus (HD) and Haliotis discus hannai (HD) fed experimental diet
(EP), commercial diets (CDI1, 2) and natural food (NF) for 9 weeks
Values (mean of three repelicate groups) with different letter are
significantly different (P<0.05) -rworormermemmimmiersiecmsesessi e 209
Ash contents of soft body among Haliotis sieboldii (HS), Haliotis
discus (HD) and Haliotis discus hannai (HD) fed experimental diet
(EP), commercial diets (CDI1, 2) and natural food (NF) for 9 weeks
Values (mean of three repelicate groups) with different letter are

significantly different (P<0.05) oo 210
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H1&d M 2

AERE AAHCE 1009F oldo] +X3tx oy, Sejvedes TAE
(Haliotis giganta), 58 (H. discus), N2E WAE(H. sieboldii), % *}7
(H. diversicolor superfexta)®} A E(H. discus hannai)°] A28ta Qtt. A
A B735E 1o Eu FAEo] g vl sH} HEFE ¢ idFe
E AZHn, 2% B d7AEY =¥ 5 e IdE FRAN Ve
o] Fy = Ut olAF AEL AEFE v TF FA AFLRE ALY F
olgT, FoBx gulW AFLE JAE AAY ez Awdn.

AELS F2 JAFFTRE BYstq FRE dxAY BF3H FF 2719
A& A F&ste WAL R ojFojd o BREHoE fF FiHer &
Algo] gob. shA R HZ AEGFH g F4ol Fotd wat MES |4
FxA F43te Fol A3 FrtHIUE AFolrt. FAldl AU 7HF F
S3HA ool & AL ATl AP MA8A, A 43 ARE =
A F Ae HolFFolth oy T AR QJAE F B0y AL A4A &
1 A2 W Alg e FortEo] HAF] A F Ax, §3I] Algae 44
gulo] Ayt o]4E AAdE FA QA4EX FMT AFLE AR HAR A
8571 dHe dHE F#+E  Ae FAF 8ot

HAEFol 7] Hold thajAl= loriya and Suzuke (1987), Norman-Boudrean
et al. (1986), Ohgai et al. (1991), 3H(1994)= 7(1992)e] A3+ v} A} HE
FREALS FR7] o]|FRE RIgxrt B g RFAANA F2E F Yo
2 AM538te 2% 1em 7h7kel Al Fole ddolA vhelsle F3F SA4 s AY

[¢]

o

viotol] W¥REL o AE FRE Hioe] ¥R YEE0] 50%0lstE W
AT Sz SoAM T 4T Feode Y& Y wokAle Aoz
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2 A Ut AT BEQ F4HE Holze FE vy, gy, At
22 HA Holg A3ty gdFee AxvFoly Az etE F Bolg
ARE3ta Qe AAoltt o] d HAHole FFol EULAFE ¥ ol 74
o] ¥Fol Az, 4 B3 JA HiFAIRE AMFdle ARG @2 Aeg ¥
nxo] lo{(Viana et al, 1993), th7 Foll A3 viFAR 9 sido] A3
AAolct FAHE FAHE Ao dig AFEE =9 F(1984)7F FFA S0l o
gt o] 8A3& ARG vt A3, FFLT R uiAIE Al BHME FES QA
F5 1 Qt}(Harada and Akishima, 1985; Ogino and Kato, 1964; Ogino and
Ohta, 1963; Uki et al., 1985a,b,c; Uki et al., 1986a,b; A 5, 1994). slA|q} =
WollME o}A7A] HAT wiFALE 7 WL HA ghot A& EA ¥l BErls
3 AAoln, FolM FYHIL Je ALEE 7HA0] kg B 10,0009 JFZ 9|
A BAHA HollA o9 Beldtct. 2M AR AFFgL: 8 7F, A4 At
5 9 Y59 o]84E FHEL ol V22 AT AIREEC] 8l
FE 2 2ol ola, g A& AR E ML AVt HBES F
g FAEGY A oA S Fud ZlostnA} 19959 1087 23300
Ax B d7& F33u4



M2 & & HHEtALR, 2= A[EALR & AR}
N8 4% H MMYE0 0|xXl= =zat

O 5 2o dFAEe =3 (Kikuchi and Uki, 1974; Seki and Kanno,
1981ab; 7, 1992; X - &, 1984; [&, 1988 ©] &, 1978, g, 1994)°) 2j3) HAl=
FAE FEALN 71go] GEH Uk ol HELS dEHE vis IF F
AP AEOR Y E oy, Ao EE FuY ARFAFoEA I AXE AA
g Roe AgHg FAEBL F2 AFFHE AAH AF F lem7tA A
AN F FxAd] BHREQ 4F 2719 AL A & PHL 2 ol F
olxm glow REAHOZ MF FIALRE FAHo| ok ARt H2 FA
Faol gt BA4o] FolFd wit FHES K FRAAM FAste Rl &
38 Z71H32 Jde 4Fold, A F(1994ab)e §4 AMS 2o B A E
vt 3R, AEG FAsE FortES A4
g, AokAjetel 28 HA HolZ F2 ARdltrt JFdde dxvgely A
ZOA ks FF3tn e AAFolAM AMAHQL I wH AYEo] H 3
t} ol23 HAYole At wet FFo] BAPY ¥ ople} 1A HE
ol Astx, 4% =T WFAIREE AlFEe ART ¥ o2 BuHY Y
(Viana et al, 1993). 3tx12t Il o} A7tx] HZ T WiFGAIRE 7HLs}7]
A3 77 FYH AR ¥ WEol, PFolA v stASZ wPAlEE
Fdstn o] AAHL WM FrHH ez & &49 ao] Hu A

HEL F2 go] Holg AT ok PP o2 HolE AHFsted TET A

Zbo] Wasty, Hol 4F A7A Atz dFart #5222 AA FEHA @

oo
18
L
fu
o=
2
iR
oz
%
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ofof gt} oje} 2L Al £F HBAL AR R AERRU wet 2
ZAY, g2 dFAE0] AR EFolU %L &S WAI}Y] AH Aty
o] &0 GEFS dstHF Aol HAHAA E&AEA ZHFFELZ AFA

FHS AFR-8taL QAtH(Mai et al, 1995; Uki et al., 1985a). 3tAgF 2 A H
Z34 A AL FYHA FAh 2R B AFdME go2 ALE A
Foll 7122 A2 E AAsH7] A8 488 siFAEE Al dds &
SR oot IHAINE dejst] 4P E 4F widAEst FAE] A3
A&l e AAE AR LN, 4F HAE 85 S 93 AR
2 Magole vt '

A242 Mg g Wy

Ay wigrg e 9y g EAdoR FHAR, BgojE, T, A
Azvd B2 52 A8 m, AYegzE A AS dFERE H)s)
o] @wmo) 341%, AAo| 75%7 HEE MASATHTable 1). Uki et al.
(1985a)2] Aol e} JAAZ AMGEFS 21% F7HtAch A4d wi @At
v 24 982 2 ERT F EFE 100 g B ¥ 100 g& 71Eta A £¢3
% 7 015 cm7t HES IRl 5%, 10% D 15% AL F8d0) 2
Z} 10%, 202 2 60x7 @70 YIMHEES 9o A 9% 4
g AR (AR 1~9)8 ARSI Y HTable 2). 48 wdAEE 1 cm Alzbo]
HE & Adste dx2AZ0 F YEao BA(-25T)3EA Alg FojAlvltt A}
43t olFA AzxE AF ugAlge AREHE v}y Y3t 4=
HFALR 2 /(AR 109} 1), BAE(AR0Y, AR 12) 2 ulgALE 9 AL
B ERTFAIE 13)E HARs|h

AR e 37 4% 1.2 cm (HIFAF 03 g)9 FREE Ad3to 39719
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Table 1. Composition (%) of experimental diets

o E.xp:; Comercial Nat.ural Mix
Ingredients S?Ett?;e diet diet diet
1-9 10 11 12 13
Casein 5
White fish meal 20
Soybean meal 16
Wheat flour 15
Spirulina 3
Undaria sp. (powder) 5 Closed Dried Diet 10
Yeast 15 formulation  Undaria +diet 12
Squid liver oil 25
Soybean oil 25
Vitamin premix’ 25
Mineral premix2 6
Sodium alginate 21
Proximate analysis (%6, DM basis)
Protein
Lipid 34.1 345 36.5 128 -
75 22 55 1.0 -

'Vitamin mix contained the following amount which were diluted in cellulose (g/
kg mix): ascorbic acid, 200; @ -tocopheryl acetate, 20; thiamin, 5; riboflavin, 8 pyr-
idoxine, 2; nicin, 40; Ca-D-pantothenate, 12; myo-inositol, 200; D-biotin, 0.4; folic
acid, 1.5, p-amino benjoic acid, 20; Ks, 4; A, 1.5; Ds, 0.003; choline chloride, 200;

cyanocobalamin, 0.003.

*Mineral mix contained the following ingredients (g/kg mix): NaCl, 10, MgSOQ; -
7H;0, 150; NaH2PQq - 2H:0, 250; KHaPOs, 320; CaHa(PO4)2 - H2O, 200; Ferric citrate,
25; ZnSOy - TH20, 4; Ca-lactate, 38.5; CuCl, 0.3; AlCl3 - 6H20, 0.15; KIO3, 0.03;
NazSex03, 0.01; MnSO4 - Hz0, 2; CoClz - 6H20, 0.1.

Refer to Table 2.
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Table 2. Preparation conditions for experimental formulated diets

CaClz concentration (%) in

Diet no. o Dipping time (second)
: dipping water
1 5 10
2 5 20
3 5 60
4 10 10
5 10 20
6 10 60
7 15 10
8 15 20
9 15 60

2 dEFZ200)00 S0nt2)¥ o] wiRIBte] Z AlE G 3WEC R 172 A}
= AF3Ad Alg e 2¢ 18] 4 d¥F2vit 2~4 g 4 FA95JY 1, Ho
F2 AFL g5 AR 39 Al #ANETD. F4FE 3¢/mnE 2FINHL

9 £ 12-20CA £48& oA 4F AFA 1007},
AY FEA Z A 250ty Jo2 FE3Y dNAPE EH8o2 YF
BA(-75C)3 .

HiRHALR o] 5 A A (water stability)2 AHS AP AW FZoA 3ES £
€312 B3 oM AT FLEH AHS o2 HE AR 9FH
Al BALE 2FFE BT 8AIZL, 16413, 28A13E, 48212 © T2A17E ¥ Zbz
AZAA AT I A g3 AstE ARG

AR R A& 7HA R RS AOAC (1990)4y ol wet 8 A4t
BAxRY, £AFL Soxhlet F&(ether FEH), 2L AHIIY, =0
WAe Kjeldahl A4 FHINX625)02 A8t A9 SA4E AN-
OVA-testE A A]3}l9 Duncan’s multiple rangé test (Duncan, 1955)2 H#
o] foJA-& SPSS (SPSS Inc., 1993) program$ AH&3to] A3t
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At e FFA Al tg e Table 30 FA13HA 3, 48 vi@ALE

(A12 1~9)9 AE 5 ¢AHL Aol BHALFE Hap Fasted 72412

Table 3. Water stability of dry matter and protein in the diets'

Time in the seawater (hr)

Diet no

3 16 28 48 72

Dry matter (recovery rate, %)
1 100 90 83 81 75 62
2 100 85 84 32 78 75
3 100 39 87 32 80 74
4 100 82 81 80 78 66
5 100 87 81 81 77 75
6 100 83 &3 81 78 73
7 100 84 &3 81 80 71
8 100 83 81 79 78 71
9 100 84 83 80 78 73
10 100 91 92 90 72 o5
11 100 88 86 86 83 74

Protein (recovery rate, % as dry matter basis)

1 100 97 93 83 83 79
2 100 89 &9 87 32 33
3 100 94 92 89 84 81
4 100 94 92 89 83 83
5 100 92 92 84 34 84
6 100 91 89 33 83 83
7 100 90 88 33 84 83
8 100 93 90 90 84 83
9 100 92 88 87 86 34
10 100 92 92 88 87 88
11 100 95 95 97 95 95

'Values (mean) of pooled sample from triplicate groups.
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Fole 5%9} 10% CaClz &9l 1023 FFHAZ A28 13 4971 &
AFGAIERG PaFo] ik EolAe ZAFolUth A3 ABAIEAIE 107
1DE 2BA7AE 86~90%2 AE uigAIR e 79~82%K 1t +F <P Aol
YA AL, AR 102 48A1Zto]F AE wiFAlarTt ool gobd
724130l 55% 2 AR ew, 2RI Fo] AR 112 AY AR S v3)
FE 74%E FAAT Mai et al. (1995)9] AFAA 48A17F F HEALR 9
FEARAL 75~80%2 Biso] & 49 WAt 75~83%% Ao wlx
FEoltt. Gl A FFABNE BE ALRA Alztol gl wa}
AR on, 72412 £ A F& A4Y wiRHALE 1°] 7HE Eol 79% 1, 1
9] 43 WPAEEL 83% AF2 v AFS It AT ABAEe A
< AR 102 AF uEAEET HIRdY oY AR 119 FAEEE & A}
R o} 2417t Fx 95%E HA AL

2 AE uigatse HEAAZ AHES 4204 21%E olv] B dAFarEe] A
BAlg o AR HAY BAR +=Fo] X (Mai et al, 1995, Uki et al.,, 1985a;
Viana et al, 1993), ¥7142 1 ©@7p7) HIR7] df o] Aoz 42044 &
ZFE FFAY dAE 5 e Wkl oo =3, A8 FFAFFL AL
EUE, 7139, AAS8HoY 210 gt @A RE AF AL dFH oo}
Ao, Fo7tEe] dEdte 2Pl FFAA R F9 8958 13}
o Ago] 7bg 4A AHE F A= AxHojoF & Aot B dYPAe 2
d 13 83 Hu 3E AEE AIEE FFHAAT, AE ] Ho] dFHFel}
FFoAM Atg e Fof 2 G met A FIFF R FFAT] 2HHA
oF & Zolt}t. ol & o] AIRE FE3] FEY AL, 7tFeld AT ¥AEAY
M= HEo] AH3D F& A8 FFAM FAEHY] Mo FA ARFAIA
A AdHe 2 AAHE Aol FYsy, AtgsFzdMe HA F2¥ =+ A
Z78 Fo] #Agsolor & Aot a1 A BrxY & Fo FAF %

g

3
pad

fir
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Ao MmEpME Ale o] 5 AFA BEojol & Aoz AGAT

Bz 03 g AEAHE 1750 AHS 48 Z3(Table 4), HF H
AFE 082~1.02 goz2 ARt en, A7l FAHA 2ole AAAI
Azv S FFTAE 127 22 #& 2ok AEEE Az ges
A7} 5% 7HE R} (P<0.05), 2 & AYPFAME BH~9I%E HF
Tl F23k Aozt FAHP>0.05). TAH &S ARVG37E 172%J( 3, 2
9] 4y wWigAE o} FA wiPAlE FETE 206~239%2 M E HlL3 A
S B B AR £33 15% CaCl; 80 1027 A 2lg A48 F (A
8N Axv Y7t R & Aoy A Fol tigh 7ha R ZAAE B
© AT zolE HolA gt AR A XM TH Al FrF A
Rxon, HigAE Y ARuHS EF UM AETFRERL 22 BAES
HYTHP<0.05). 241 AR 6°] A&EnY FFTREY won, 2ol dg
HAF vl= ALR 67 130] AXP|YFEY 2 BEFE EATHP0.05).

A AIZFA R FEAY ALEEE HE 7R o b E(Table 5)& &4
3 A, g2 AFAIRCAAN FEE A4F AFA ¥ F8A ZF A
3, eNAdR A FFS FUhsld 4F FEA &, @A 2 3@
e Alge FFTFS BA] RO K P>0.05), AAFHS =4 AR F
a7 (AR 10, 11 2 13)0lA Rotale FFS HAth

Ao} o] 4 siFAISE BEE o 15% CaClz &8Nl 10x3F A2
APFY MR F%, A% 9 43 da AZXE @ Hels AR QYA
B3tE g s AFHATS AE A} AGR & dFE vAA X3}
= Aoz Jeiydth meix BAFAEC AR A¥A F2 AMRIE 5%
CaClz 8ol 127 HAAA U HEFS ZFFEo2 BRIl B
Ao A E AgdAM AR E 2 AFAUNE AY AR E A2E o
HA3] ALRE F S ZoE J|udt) AT AUHOE AIEE dF A

%

ol

L&
]

-
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Table 4. Growth performance of abalone fed different diets for 17 weeks'

Soft body
wt/
whole body
wt.
0.56+0.03
058003
0571005
0.5910.03
056002
0571003
0.55+0.01°
0.54%0.04°
055003
0.58+0.06"
0.53+0.03*
055+0.02°
0.56+0.03°

Final
wt.{g)

Diet Initial
no wt.(g)

Weight

S Soft body

wt.(g)

Daily wt,
gain (%)

Survival
rate (%)

1.03£002° 06210.12°
1011005 06410.05°
1071007 058%0.11°°
1.06£0.02° 0.54%006"
1.03£0.05° 0.62%004™
1041007 068+0.03°
1.04+0.11° 0.49+0.07°
1.00£0.18 058+019%
1.05%0.05° 054+0.05°
1.08+0.09° 0.65+0.10°
1.08+0.01° 055+0.05®
092£0.06° 049+0.06°
1081003 0.60+0.08"

214t 90°
205+19.0°
233+335°
227+11.0°
212+232
217297
220+535°
209+76.0°
223+ 228
239+ 456°
236+ 7.2°
172+20.4°
237+16.4°

85+ 75"
89+6.4°
90+52°
9%+75°
90+5.2°
9150
86+9.1%
872
92+20°
89+57°
91 +64
75+6.1°
g7£30

0.96+0.03°
095+0.06°
0.99+0.09°
0.99+0.05°
0.97%0.10°
095%011°
0.97+0.16°
093+0.25°
0.97+0.07°
1.02+0.15°
1.01£004°
082£0.07°
1.02+007°

0.31+£0.02°
0.31+012°
0.30+£0.07°
0.30+0.07*
0.31£0.14°
0.30+0.09°
0.30+£0.06°
0.30+0.09°
0.30+0.02°
0.30+0.05°
0.30+0.07°
0.30+0.06°
0.30£0.12°

Table 4. Continued

bl e R ¢ R I = I I N S

-
W B

Diet no

Shell length
(cm)

Shell height Shell width

(cm)

{cm)

Shell width/
shell length

Body wt./
shell length

DS WO ND U A W

—
[¥5]

2.09+0.11™
2.08+0.05>
2.03+0.08°™
2.00+0.05"
2.10+0.06™
2.10%0.03%
1.93+0.06
2.04+0.13%4
1.96+0.03®
2.03+0.02°™
2.06+0.05%¢
1.98+0.07*™
2.16+0.04°

0.50+0.06®
0.48+0.03®
0.47 +0.03®
0.47+0.02%
0.47+0.01%
0.52%0.01°

0.46%0.01%°
0.49+0.05%
0.49+0.01%
0.51£0.03%®
0.48+0.02%°
0.45+0.02°

0.50£0.03*°

1.47£0,08"
1.45%0.04™
1.41+0.08%
1.40+0.05®
1.47%0.05%
1.47+0.01™
1.36£0.04°
1.44+0.10™
1.38+0.03°
1.42+0.01%
1.44+0.05%
1.37+0.05®
152+0.03°

0.70£0.01*
0.70+0.00°
0.69£0.01°
0.71+£001°
0.70£0.01°
0.70£0.01°
0.70£0.01°
0.70£0.01°
0.71+0.01°
0.70x£0.01°
0.70x0.01°
0.69£0.01°
0.70+0.01°

0.50£0.07°
0.49+0.02°°
0.45+0.06%°
0.44+0.06°
0.49+0.01%°
053%0.01°

0.42+0,03%
0.48+0.09%°
0.46£0.02°®
0.50+0.03
0.48+0.03*°
0.42+0.04°

0.54+0.03°

Walues (mean=s.d. of three replications) in the same column not sharing a com~
mon superscript are significantly different (P<0.05).
¢(Final weight-initial weight) X 100/initial weight.
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Table 5. Chemical compositions (%) of the soft whole body’

Diet no Moisture Protein Lipid Ash
Initial 81.7 12.3 0.8 29

Final:

1 77.8+056° 153+0.75° 1.4+0.17° 2.4+0.05°
2 78.1£1.01° 15.2+0.75% 1.4+0.10° 2.4+0.05°
3 76.0+3.15° 154+0.15° 1.4+0.20% 25+0.05°
4 78.7£0.45° 15.2+025° 1.2+0.15® 2.4+0.10°
5 782+0.77 15.3%0.05° 1.6+0.15° 28+1.01°
6 778+0.37 15.1+0.37° 15+0.26™ 2.4+0.05%
7 789+1.25° 14.6+0.49° 1.3+0.15% 2.4+0.05%
8 779+0.43° 1531037 15+0.20% 2.4+0.11°%
9 78.3+1.56° 148+0.75° 1.4%0.36% 2.3+0.00°
10 775087 145+087° 0.9+0.11% 2.3+0.10°
11 78.6+0.30? 154+061° 0.8+0.05 2.8+0.69°
12 78.2+0.75% 15.4+0.79° 1.3+1.21% 2.6+0.00°
13 779+ 1.09° 149+051° 0.7+0.15° 2.4%0.00*

'Walues (mean*s.d. of three replications) in

the same column not sharing

common superscript are significantly different (P<0.05).

gted @ojsly] i B 4P0lAe} o] st £8P0 Al E A
A AXAFE AL 3R o gol & ze2 Hlth by APdHA ¥
od dsjMe AtedE F @53 ET JAA F A2 JhA] 28 nEe 5
A} o] AEF oL & Folth

2 A¥dA dA, Az fdAEs Aol vdRg YPaAr} =3
on, FAt vigAtR St O Aeo] §FF AR YElEth Viana et al.(1993)
2 caseinol o]E 939l wiFALE 7} macroalgae (Macrocystis pyrifera)B.th
AE(H. Fulgens)®l 4%l o] ¥& A7t Aok 3tQY 21, Nie et al.(1986)
= GA A ETE OAletE T FA R el 253 F& ARE BAdn
B3k F $(1994b)2 wWigAE, dF0)Y 9 iFE 07 g9 FAE F
2% A, widArE e dxv|ge] wiFEd & AFEaA} dn RadY
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th oj9} o] HAuolg AZI HAANE 2E FYHE F
2|2 Fo| o] vidAtg R A3 @] oz sAdc wde A §
(1994b)2 wiRAIE 9 A= vy FF P ME Aol7t gt Bustde
, & AYelM MPARTE AxAFHG 2] F8h ERT(P<
0.09), FAEE FAGYeR2 AZ27FFEY 30% Fx o AHE Rz vg
L} zpolE Holx 3t} ol F AP AHEE uiFAE 9 24w Aoz A2

gt & 430M ALEE g AlsE Y8 E F casein ojREU o 45 #
Ay Alg Aozt Buso] Ai(Uki et al, 1985b), ¥HHC] Viana et
al.(1993)& H. FulgensdlA] o]&% casein® 53 A5 7IAda 4ot
w2t ofe] thgt Apole AF AL AFHolof & Ao g AN, B AE
A AR E AY Wi AtR Y 248l AE A Ho o sty A
AR WFAIE Lol BaF URAEE ASE £ AL RAow wudnh
olm] AFF AXYH wFAIE vl Bo AAHeE HAsojo} &n, B

goll AF&E casein, 5%, spirulina, "IHE2, A%, Hetv] 2 vdl &,
DA 5L 95 77t viRr] "o ofdl Wi A7 Al olojol &

o]

o\
=z
(i)
L
i

u

L

£



AlR A E

FAE FRALLS FAVIRY 727 2 FAo FHANA #x2E F
Hol2 Abgdte] 24 lem A =7HA] 712 Fole oM HtEstd FH &
FetAY withel] WRstn o AEF 27 Holo| Wi E loriya and
Suzuke (1987), Norman-Boudrean et al. (1986), Ohgai et al. (1991), %+(1994)
3 70 (1992)0] AT ) ATk YRHo T WM FRE itk WHE

= AREY 8442 SolA 30 S48E o] B 4ELS AT
DA ATk BAY obA7kx) FolslE L F7 S4E ol 2 B, Thel, Tha)
obsh e A ol F807} e FolE Az ol Az o
g FF3n de APt olad dIdHole FFol EXAY ¥ ol 7}
Aol WEol Aax, 4% £ A MIIAEE AHSeE RNT Re Aoz
Bisle] glel(Viana et al, 1993), th/d Foll g wig@Atg el site] Alg
g Aol FHE FAE AR dE AdFEE =9 F(1984)7F K734 &l
E o] &4& A vk 33, YT R vigAlE AT BHME FE
A1 5] 1 9t (Harada and Akishima, 1985; Ogino and Kato, 1964, Ogino and

OPu}(

Ohta, 1963; Uki et al., 1985a,b; Uki et al, 1986a,b,c; A &, 1994). 3} A9} =
el M ol 27t2] HA 3 wigAta 7zt AEHA] ol A&HA FAol E7lF
3 AAGoln, oA YU U= ALEE 7HH0] B ZAIAH A "ol A of
< Bt aziA & Aol T, 1997) 04 FA B uidALE s 712
A A8E AFE7] s 49 FAIEE HASY O 5SS o7 AlEAL
8 2 ddZol9 nwstAnt.
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igHALR sl ol 71 WA nsojol @ A2 Alg TuAde FAn
gl g, FHE Al AR 9uwd §F e 20~35%2 Bi(Uki et
al, 1986a; Mai et al, 1995)5°] 3ot Alg @3] FAde gy dd o}
gt n], FAB FEE caseino] 71F £ duidoz Bugo] An(Uki
et al,, 1986a), #litolFo] ZAfole ojo] /1Y Y3 AP AgH
3 ek &%k o] @ casein® 7HA o] 8|4 7] ol HAH WFAEDL
2Ae RAYS Aoz Add =3 AR FHL FR, F Y, A
dx So gl gi 2folE Rolrle 3ty Az 29w o] 60% °]
o2 ¥3, offel R dYL, 53] opnAt 4ol nEA FHFolA e
S| DY XTHNRC, 1993) 7Hze] viM T FFo] EAAT H T £4
Aol ZAH o] AUk whebA F2 Aitule] AN o]F-& ARSI e AbEH]
E APAF) dsiAE @H caseinoly AJEE WAF F de NI, T
Fol A Al dUALL e o] AFeich Alge] @ Add] it
Hrte AR AL FAA D, AAREIIE 5 7x2HA 7ot E 8
ojvet goz A%E YA A8 E AN F Ak WA B AP
E FAEAR A ydLdE 2AE) A8 A B ojRe]
2 Alge A g4A 79 7He e 9Ny |, SR, 88 gFe &
F2d g, a4y, A9E Hrt AR E AASAT =3, A o8 Y H}
AR, Ad Yoz An| g Az dAvtE A3t o5 o84S A= v
bk 342

(

o

Al @R o2 7hA Q1 (vitamin-free, Serva, Germany), 5 g0l & (7H4 4
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AZ: steam dry, 194G MH3), §2, &, F2&, 7 (84, 29), &
27 9, @4y, Axvy £2, A% R AR AR, A o
= Ardn Az gAvtg AU HTable 6). Al 98 F T &
Fd U2 7tz 025 e}t 05 mm screen©] ¥#3® EH71(RETSH GMBH
5657, Germany)Z ®#43F & Al o] 73R @53 EU L2 dextring A}
f3tg o], Alge XA T Uki et al.(1985a)0] RS S (%) REE
ANNFY WFFE F7IsAY. HAAZ e GUAMIEEFS 20~23% H7t
Aoy, AEAEL 2 d8E F EYY F EFE 100g T = 100 g8 7F
o oAl EFI F hAstY 5% Fst@E F& YA 183 F7o 1
UJEES 2oz AFJAAL AEE F4 015 cmol 1 cm AtZbe] S 2

o
HU-{FQJ

i

Table 6. Composition (%) of experimental diets

Dietary protein sources

Ingredients Casein WFM' MM? FM® BM' SM® CGM® CSM’ SMP® WF S-M" s-T"
Casein 31.0

White fish meal 400 100 100 100
Meat meal 36.0

Feather meal 330

Blood meal 29.0

Soybean meal 55.0

Com gluten meal 39.0

Cotton seed meal 50.0

Sea mustard powder 55.0
Wheat flour 50.0
Dextrin 300 235 280 200 300 78 220 30 10 35
a -cellulose 10 10 10 10 30 02 10

Yeast 3.0 30 30 30 30 30 3.0 30 30 30
Squid liver oil 20 20 20 20 20 20 20 20 20 20
Soybean oil 30 05 20 30 20 30 20 20 15
Vitamin premix' 30 30 30 30 30 30 30 30 30 30
Mineral premix" 40 40 40 40 40 40 40 40 40 40
Sodium alginate 230 230 230 230 230 230 230 230 200 230

'White fish meal. “Meat meal. *Feather meal. “Blood meal. 5Soybean meal. °Corn
gluten meal. "Cotton seed meal. ®Sea mustard powder. SWheat flour.

YRaw sea mustard (Undaria). 'Dred-sea tangle (Laminaria).

“Halver (1957). "H-440 premix NO. 5 (mineral) (N.A.S. 1973).
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Z2 ddste YF o] BustdM Alg FoAvit AT

2. &gol A Al

A& =) dockel(4: 190ke), ¢: 210bE))E D& AAM ZA} ST A
@ AZstel ABHoT ANP AWE $AFZE7 Bolgle H@olA 1 cm
AFAR ALY Re AYANZ AT Ao FT 7)o AR
A 6709 2 APFZ@0 ) T05kW Ao} WA 2t AR FwR
oz 1877 AFRAYHAG. & 5 F AT APSz] £49 A WA

2AE 2RQon, 7 £2010 gt ZAAA HLE FFEAT Hole
29 18] 2t A¥5zo 5 g8 TFEHAL, YR G AFL ol FFA
#ASYY. F4FE 30/ming ZPHAALH, A5 F FLuFHE 10

~23T(HET 165T)A #4148 oA 4% A1FA 3000k, 438 F8A 24
Fzoll #2889 RE oA E FE3A 2, A4F % AP AWAEE 248
o2 YHEEB-75T)8AH

3. 424 { EAHXE

SAYd, g4t © oo I¥HAE-S AOAC 3 (1990)9 whet #4413}
g, 2EWA(NX6.25)< Automatic analyzer (Vapodest 5/6, Gerhardt)E
AHE8le] BAE Y n, AL ether§ AMEEtd FEsgen, £ 106T
o] dry ovenollA 4 A|ZF B¢ dx F S £8, 2HHE Automatic
analyzer (Fibertec, Tecator)& ©]&3l5 1, 23L& 550T ] 32 oA 4 A
B¢ B F AFSAT AR ofulkihe o] F(1996)0] AHEE e
2 RAMstgc. Adas SPSS for Window (SPSS Inc., 1993) program2 &
ANOVA-test& 4189 Duncan's multiple range test (Duncan, 1955)2 =]



AlE o] YRt E-& 4% A (Table 7), @AYoz 71AQ), BaojR &
T, 8, TEE Ty 2224 g, d9ane 24z 3413 Alg e dua )
AA FqFe 747 30%9 5% HFZ JEbY, Uki et al. (1986a)3 Mai et al.
(1995)°] Exgh 24 iz o 23 §3n dXsYct dx0d 223 4
HE F7MIEE o9 oA ko] wol WA o] 15~20%E € uj
FAE TR Ygton, Aujdn A2 gAlnte] gy R 11~20%2 B
A ekt

Ag AFHA 4 APgzeith 70924 85 1873 AMR3 A3 Fig. 1
of BAIF RA P BEHF S Aol 7Y v g gAn FFF 2 ¥
7 AT FY3HAP<0.05) H& AES BAh Fig. 20 Yehd upe} 2
o] 4/MAA BaAF 011 g FFAD FHE XY & AIFHE & Fole
Atz o] S A Yo g} HAFAFo] 0.27~074 g2 & & AolE BY} o] F
gulddor EgolEs UM H4d7Ut 074 g2 2 71 ko, diFy

Table 7. Proximate analysis (%) of experimental diets

Dietary protein sources

Casein WFM' MM? FM® BM' sM® cGM® cSM’ SMP* WE® s-M"9 s-TV

Moisture 94 9.2 95 100 100 94 85 11.0 119 112 952 103
(Dry matter basis)

Protein 324 308 320 315 302 304 316 278 195 154 200 108
Lipid 50 54 55 54 52 5.0 55 54 56 54 1.3 05
Ash 112 191 141 123 128 148 120 156 299 145 387 354

!~URefer to Table 6.
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Fig. 1. Survival of abalone fed the different dietary protein sources for 18

weeks. Symbols (mean of three replicate groups) with different letter

are significantly different (P<0.05).
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Fig. 2. Growth of abalone fed the different dietary protein sources for 18
weeks. Symbols (mean of three replicate groups) with different letter

are significantly different (P<0.05).
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2 oGP ee Hrie APTSo] BAE AT KAHA olgle] (P>
0.05) Y5 A#HE BAch A A/ATE 064 g2 BPFolR Hrhpole
So21E BGou (P<0.05), tFu £ nAE8 S WrlToE o7} YU
(P>005). thgoz BAuH AR Hrh7rt 055~057 g2 2 ¥ e 4AL
Hgon &% HF7TE 044 g, HA ol AmdH Az v} FFPE
029~034 g, $EEH 2254 Y A7hFE 026-~027 go2 Yehgon, &
 HHF7 019 go 2 JHE @ s RAY (P<O.05).

Z AL Table 89 UEtd nish go] WRFAZ Watel fAS Al
, S¢oj2, gFu WA ngRe 2 A BT So) 494~554%2 E}
AYTERT FYSA R (P<0.05). o2 AWE H7LT7} 306%E £
e A%E ngon, Y, $2E 22U Y Hr}TS0| 18~155%2 € A

Table 8. Performance of abalone fed the diets containing different protein
1
sources

Dietary proteins ‘Ze;iht Shel(lml:)n gth She:t:nv:)idm /‘ick):gl 2:1;%1: I/Bsotiii’l ‘\‘:1531) 1;}:31]/

(%) : (cm) (cm) shell width
Casein 494+465° 170+0.04% 1.25%0.03"F 0.38£002*%" 0530027 1.36+0.01°
White fish meal 577724  180%009° 131%007° 041%002° 056%002° 137x002°
Meat meal 303+167° 150%0.03° 1.12£003" 020%001° 039*001° 1.34%001°
Feather meal 135+452%® 124T001% 092+£001° 021004 028+004™ 135%001°
Blood meal 78+547°  1.19%013% 080%001° 0.16+005 024+006° 150%0.19°
Soybean meal 554+250° 1.76+001% 1.27+001°" 0390017 055x001' 1.39x001®

Corn gluten meal 155£162% 130004 097£0.02% 021£001® 028002 134+002°
Cotton seed meal 503+77.3°  169+002* 123+001% 0351001% 049+002% 1.37x002°
Sea mustard powder 495+39.4° 180%0.02° 1.30+002% 038+002* 052+001¢ 1.39+001®
Wheat flour 306+446° 167+010° 1212007 033£003° 0451004 1.37+0.01%
Raw-sea mustard  221+663" 150+008 103007 023£004° 034+004" 146%0.14™
Dried-sea tangle 172%£153°  134£0068° 097+003% 0224001 030+002° 139+002%

'Values (meants.d. of three replicate groups) in the same column not sharing a
common superscript are significantly different (P<0.05).
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H7RT we e BRYT (P<005). 248 R AEE A8 Wsteh fALY 7
oIk EF, 247 ZZo) g WE v A 2L AL nPon

de B

A AFRA R FEAY ALY FARE VAR ANAE E4EHAE
Table 99 2o 4PALE EFA FE3 32 FFe 43 AFA)e vl
FTEA BF A2y, @ds A8 FFe 25 ST 48 F8A
FET owd gk 74zt 785~79.6% E 132~142% 2 At Tl Ao
Aol &S A WU (P>0.00). A FF2 EFolE, §&, ¢+EE,
5, FSFE 2, BA % ogE HUFFEC] 1.2~19%E M E #FAg
ol ¥} (P>0.05), 7HAlA = Aol Arlgxn Mz dAlvt dF77 07

Table 9. Chemical compositions (%) of the soft whole body1

Dietary proteins Moisture Protein Lipid Ash
Initial 81.8 11.7 0.6 32

Final:

Casein 79.3+0.85° 14.0£0.80° 1.0£023°  24+005°
White fish meal 786120°  140%0.75° 14026  23+0.11°
Meat meal 785+032°  136*0.10° 134023  25+0.05%®
Feather meal 78.9+0.36" 132+0.23° 15+0.25™  26+0.05“
Blood meal 796+149°  139%0.35° 1.3+0.83™  28+0.05°
Soybean meal 795+077°  139+055° 15011  24+005®
Corn gluten meal 79.2+0.80° 13.3%£0.25° 1.3+0.05™  2.7%0.05%
Cotton seed meal 79.1 £0.25° 141+0.11° 1.9+0.40° 25%0.05"°
Sea mustard powder  79.1+0.26" 14.2+0.20° 1.2£0.28% 2.540.05™
Wheat flour 788+020°  132%+045° 15+020™ 25005
Raw-sea mustard 79.6+0.96 13.8+0.52° 0.7£0.15° 2.610.15
Dried-sea tangle 79.5*0.60° 136+041° 0.7+0.25° 2.7+0.10

'Walues (mean*s.d. of three replicate groups) in the same column not sharing a
common superscript are significantly different (P<0.05).
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~10%% ¥ gg B T FFS FEE, ¥, 27 2, Avny
Az gAnt 23771 A2 Felatgle] ¥ (P>0.05), BYoE, &, dF
B3 AYE H7tEC] dAR ¥ FAFE EAT

At gl A e FEL ddoiFol Hed d¥EE, F, 9, dv=A), °
Fopulit R FEAYAY T FFEL FFH 2318 ot ZH R
THNRC, 1993). Atg G dd dAd neisojof & 2AEL 1 U8 F%
AET 3 T3 ¢, 7HA, 7154, SFAAAA, AFe2A A4
5¢ E 4 ded, £ 4gdMe ning g4A 748 + de 948 71A a9y
AAES A%t O AHE Hr1etAdoh 7L FHAQ, o8, Ty, Hay
19S5 afddez Yrrgd 48] & A7 vl dx3] F
2 ZARE BYoo(P<0.05), b2 AmE HI7 Y5 AHE LY
ol2igt AREL FAEAIES BrHE HPAIZL, AtrY AL FUAIIEH
2 E%°] € Aoz Ay A, &, FEE, TSFH T vfe 22

2 Ho FWEARSY F YuAYo AL E JA7} gl Aoz AZE

o

B Ao 2188 WPAE 98 E T ool F AL ARy HEF
B AF, AL, 24 2 BE9 0] casein 7R HILEHAY o ¥&
& Aoz ety FHE Alg9 M3 D F o] caseinol2t g Uki et
al. (1985b)9] A} 2po]lE Kol Aok EF, Viana et al. (1993)-& HE(H.
Fulgens)Atg o] Aoz oJE% casein®} F5F 5L 7Idx 34
th oln] AFEHARe] viPAlE 2Avle Bt FAAFo 2 MAEoo} 37
2ol & Ayl A8 FAY AP caseinolY EFoE-S 1 @il
v 7] g &) o] F(1997 % AHEYR0] ol ¥ F e AT
Aol dasit AEAL d¥dozAm 713 Bo] dFHI U diFure
trypsin inhibitor®} & FFAH A7 FRH o] ElF o] 84 L a
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Al & & ¥ olYgt Metd 22 Fgolulinglo] oj o) vls) vA 3i5
o] ov, g5t 2] g1 phytic acidell Z& = 0] lo] 21 o] & Aol e H
°|H(NRC, 1993). 28 B &0l T o84S Fo]7) AsHA o}
o] AHS X Z(Murai et al, 1982, Dabrowska and Wojno, 1977; Shiau et al,
1988)8t AV HFAH8AE A (Wilson and Poe, 1985 Viola et al, 1983;
Smith, 1988)A171€ WY& AHE3tn Ut 949} Zo] UiFuhE Ats gAY
o2 Apgeted 32 7HA] EAAC FAH UASNx BrEn & AYgeAg
Zo] FAEL ojFolt AN A A diFuHE & o] &3te Aoz e
v FARAES E55 Aol E 5 UL Ao AAdg. ® 4Fd A}
£33 g5ue gx¢Fsn Agx" Ao 2 urease activityZ} 0.012 3
g AHolola R trypsin inhibitor7} AAH O] AlEURE AL&EI7dE
7tEol & ° Aoz wodh 3|9 Uki et al (1985b)9) A& AR A EH A
T b FHAA AVMMEREGD Aol Y 2 AeE vt B 4
F} xpolE Holx Uth ol AHEE Tt 3 Ao] e A EHY A
ol Adztdrt }
AEA 9N F HAE UM E casein 7P AFA AN A] o]}
R AP>005)22 Ve tiFdn @7 dYute HEAIS Y F duwa
dol E ZHog 7ivEct o2 BANe ZhE3yel wa 2adNAY =4
Fo ol A=, & AN ARG ddutel dild FFe 36X
w3 @2 Holn, Lys, Met ¥ Thro] o2l vis Jdiydoz @A 245
of Aok(o] - &, 1996). VAL FE 7159 AR o|§HI o, Fo] A}
golE ol AMEHA Ged, ole 2R ¥Fol & HEA dsrd v¢
& ¥ oh 1Al E(gossypol)olgte frSEAo] i A (NRC, 1993)
Aol of 4%¢ vdnn HusHolkDorsa et al, 1982; Herman, 1970).
£ Agd AHSE Baute] TAE Tl 0.06%E F4E R g, ol o
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FAAAAZE FFEo] AFols Eretn ¥ AFolMe " Aok A
ol ofE, 7HAYd % diFut HIbEet FoAxzt fel(P>0.05) vh$ £& A
FRAEo] vuF 5 TFo IAFox YT WA gty Yoz A
o =3, ddvdle 24F @Fol 20% A=A FREH dz(e] -
7.,1996), ¥ 439 44 /7Y AR FFHol 11%E FHREL o] £&
o] Z24F FFolx ITL LA AU Aoz dodnh ofFe AN o]
Aol didiMe F2 go(Jackson et al, 1982; El-Sayed, 1990; Herman,
1970; Fowler 1980; Dorsa et al, 1982; Robinson et al, 1984)¢} sj4to}Ql z 3]
E(o] - 7, 1996 o2 AFHAE, ojRdA dAg Atge Ho)
& 7B+ 32 H7HZE 15~30%7tA 7bed Ao Hage

£ AYoA njgEe] Hrld MigAge AFEFAT ARG v A
o2 Yeht Aol v g o2 Y89} I sigEd $Ro gdwa
dol @ Aoz AZEn. v ngRee drirt BN Y] Wi HrkAz
Aol A HrtE 5 oldl s A AEZ HAupetor & Fojr}. wido)
Ad=oeld Aujdoly Ax Avt FFTEY AL casein, HFE, W
dh, Ade ANE 2 N EEY AT ROe 80 2 g By, A3
Hgol Hrbe wiFAIEETG 2 AUl R S58& ¢ ¢ Ut ols} Zo] M o
ol7F MiFAIEET 2 AU} dode dFEL olv] BiE vl A2 (Mai et
al.,, 1995; Viana et al., 1993), o] S(1997)% o]} FA}3t AAE o] A o
ole] FLa TEol MiFARET FA REE A3

TE4 ALY M RLE HF(EE, $ERIED 2884 ¥ M7
o] ARade Yol Avlgoly Bz tAlvl FFFEUE o ¥ S
Ho] FHBARS F dAdozME & 7HA7 918 Aoz AZdn o
o} o] ¥, $RE ¥ E22Fd U Hr AR @i Foly YA ko)
AREARZE 3T GE AR vsPox BFsn A2 A aHE

1)

O

=
=
s
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B AL ol U= Yot 24, 7154 B 458 5ol 0E U8R

o By gEog Aty A g AAS AFRFle] glo] wA 1w sle]o}
g Ae 1 989 H4 oluAHEAA, essential amino acids)®] #38<2ld], ¢

go wet old T/ EAA7ZE §F317] ffEl(NRC, 1993), Alg o] @iz e
o] Fo] 873t EAAZE $F o T3S o|f 1 ertol o2t 1 3
o] H7td £ Utk ey tigolFe EAA ST FHHY UA L o
ol dUlely 1 ofFe MAA & &89 EAA A FAS FFo2
A2 E AAIZ7I= 3HcH(Arai, 1981; Ketola, 1982; Klein and Halver, 1970;
Ogata et al.,, 1983; Willson et al., 1977). o]¢} & ZHolA B3 EAAE
H7vete] AtgE A w, Arai (1981)9} Ogata et al.(1983)2 A EAAC]
)3 2} EAA HBl(A/E ratio)® 128+ 3, Wilson and Poe (1985)% ©]#]3t
WS Q1A Aok B AFALFE 9 EAAS A/E ratiog Table 109 E A3}
Qi AFaTet ALE e EAA, A& 7H4 2] EAAMai et al, 19948 7]&2
2 3 EAAI (EAA index, Murai et al, 1986) ¥ % EAAZ(total EAA,
TEAA)Ze) @@ AE Table 119 Yet AT} Table 11014 B xo] A5 9
Arg, lle @ Lyso] AZano} 4357t & EAAE YEI}oY Leud 94
H7} de A2 UEwth £33 EAAIE FAIEH 4R & 43x7t o
ey, TEAAE 43BA Qe A22 Uey AlE 9] EAAZETE EAAI
7t o $8% Ao2 UEith Mai et al.(1994)& ABAIE 2 H2FE AHE3)
A& W A|F o}w]:x4bE Arg, Met, Thr ¥ Hisolglil A3y =d], & 43
ALEAME o]E EAASS A% R AAAAE B 2 dFPoA 4 FHo
74 Az g8 A7AE Y Arg, lle 2 Met+Cys® &3 A/E ratios o
AaEg Ygon, 28 H/MIET His ¥ Lys® &3 A/E ratio7}
E ARG ¥ St AEA dAd F 7bE AAol vld

el I H7MA}EX Arg, His, Ile B Lys® &3 A/E ratio?t @& Z &I

gl
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Table 10. Essential amino acids and A/E ratio' in the experimental formu-

lated diets
Amino Dietary protein sources
acids Casein WFM MM FM BM SM CGM CSM SMP WF
Amino acids (9 in protein)

Arg 48 7.0 82 66 43 71 30 104 46 54
His 34 1.7 12 13 32 19 13 23 15 18
Ile 4.7 37 23 39 05 37 2.8 35 34 3.3
Leu - 83 8.1 62 82 14.1 81 157 7.1 6.5 75
Lys 6.2 49 32 17 6.0 41 12 39 43 33

Met+Cys 33 42 25 43 13 26 37 31 33 35
Phe+Tyr 129 79 59 74 114 88 108 88 68 75
Thr 45 49 34 50 51 44 33 41 42 40
Val 7.0 4.1 35 52 66 37 32 45 41 3.8

Total 551 466 364 435 526 451 450 476 386 403

A/ E ratio’
Arg 87 150 224 152 83 170 67 219 120 134
His 62 37 34 30 61 42 30 48 40 45
Ile 85 80 63 90 9 82 61 74 8% &3

Leu 150 173 170 188 269 179 349 149 169 187
Lys 112 104 89 39 114 a1 27 8 111 82
Met+Cys 60 91 70 98 25 58 82 64 85 87
Phe+Tyr 234 170 163 169 216 195 240 184 175 186
Thr 82 105 93 115 97 98 73 8 103 100
Val 127 89 8% 119 126 83 71 94 106 95

'(Each essential amino acid/total essential amino acid including Cys and Tyr) % 1000.

th metA ¥, $RE % ZEFU U FAEAEY dfAdez e §
Mg Aoz Ho|n), chAs ofnxile] 4£31& 3 & HEot FIEA
AHESHE BRE F A8 S AlE dFEHolol T Aoy, ¥ 4FNA 43
o] FuY TYg FABAIRS dHPoE AR AR E HATDHY A
ddolrth R FL& Ade} I AlREVIE AAAE & US A2z2 Uiy
g},
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Table 11. Correlation coefficients between various EAA indexes in the for-
mulated diets and performance of abalone

Performance
Dietary EAA index
Weight gain Shell length
Arg 0.35" 0.31
His 0.11 0.09
Ile 0.59" 0.60™
Leu -0.68" -0.66"
Lys 0.50™ 051"
Met +Cys 0.18 0.23
Phe+ Tyr -0.25 : -0.28
Thr 0.06 0.09
Val -0.23 -0.24
EAATL 081" 0.82™
TEAA® -0.03 -0.13

'Murai et al. (1986). TEAA: total essential amino acids.
“Correlation is significant at the 0.05 level.
“Correlation is significant at the 0.01 level.
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4% ALRO| EI53l29 &a0| Axmo)
MED YAHE0 0K HE

FAR ABFRANIE ST G4 A2 FHE Pl Yy B4l £

g A8 E AAEY GAAHA AEGFA Y BAHS s & AH(0] T, 1997a,b)
AX wighAtE Y] HA GllAAS XA, AY wiPAEE MHAStY 21 &
g AR AWAE 2 HAAESY vnstd wPAEY S48 AA A
ZBAHol1 ALRHEEO] L WMFAIEE NEEr] M e @, E 2
gstE 5o 9L THol Fag, FHdE gsiMe olv] 4 g A
A(e] &, 1997b; Uki et al, 1985a, 1986a), ©t¥}a 2 A &3 (Uki et al,
1986b; Mai et al, 1995a,b)oll dig A77t F3h=0] oy AB9 g3 E
o] &d& ot AFHZA Yt BFHEL AR AL TgFEs IS
g ® ool A F8F Yoz 2437 QR Alg GuAL A
4 F Ae FFaolth £ st Ede syt B2 JFAa Aol vis A
7] Qo hFF e olgAol ATHA ASUE ALY F U Uil
o @53lE] o]8A4E ojF ol we} 2t (NRC, 1993), $44 ol F Alg 9]
2 25 FFS Wl FEol 47 10% % 20%2 ¢ R WA
o= 30%7HA H7ted = Ade Aoz @elA UrH(Furuichi and Yone,

1980). A& sZ2FE 5 Yoz HH3Y) WEo @538 o] &40 ¥& A

o2 BUIY, WRARE A7 HAEL AEY BFHEACE dextring

o
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F2 78l 2 (Furuichi and Yone, 1980; Mai et al, 1995ab; Uki et al.,
1985a,b; Uki et al, 1986a,b), °olol W& AdFL AYJt. JhM £ 4d AE
o LTl B A7 o= A5 HA @3 E TF{F ¢ HES
787 fstel ANHY.

A24d Az 8 U

1. dEAlR

FHAIRL, Bl 2 difuhg duAddog 3 APALE &R, dextrin, a-
potato starch, a + S -potato starch, sucroseE z}z} H7}sled Alg o] @318 &
ol ¢ 23% 7} HEE A8t O o] &AE Hr}eH L, a-potato starch& 15%,
20% 9 25% 713t HA FFS ABIE LY, FHAQ, gk, diFd, &
229 Y, B, 292 )t v &S 2P B5EE FFo) B%7} HE
£ 3 AYTE AR AHTable 12). A FUo2 A {9} dFR/E F7}
391, A2 e SUAMGEFE 23% B2t ALE Y] faAV A ek
ad 28 2 g§53ES 22t g 3 4 keal, 9 keal 2 4 kcal2 AlAFEIA T,
AV 2R FFL AdUAZ AEA IR AP 4 dBEZ &
F3 F EYE100g G & 100 g2 718t ohA] EFF F el 5%<) F3)
g F&Yd 18 §7 GUMIEFE ZEFL2 AL AlEe F
7 0.15 cmell 1 cm At2z}o] B2 & Z2 Adstd A 10T ol3hellA Az
&l WE ol RE(-25T)8tHAM AlE FArith ALR-EH T 3, Aoz
AZ gAekel Az v FAFE Fol 4F w9} vinst

2. A€ol | A2
A&z FX 3719 1R AMNHIAT: 1256 mg)E 40719 & 4@+
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Table 12. Composition (%) of experimental diets

Carbohydrate sources Natural food
ngredients WF DEX SUC ab-S 3551 3_052 3_552 MIX D-ST D-SM
Casein 14 16 16 16 16 16 16 Dried-  Dried-
White fish meal 14 16 16 16 16 16 16 1 5 sea
Soybean meal 9 10 10 10 10 10 1o 15 tangle mustard
Corn gluten meal 12 (Laminaria) (Undaria)
Cottonseed meal 12
Wheat flour 24.2 145
Dextrin 20
Sucrose 20
a —potato starch 10 15 20 25
B -potato starch 10
a -Cellulose 37 25 25 25 53 25 0.4
Squid liver oil 18 2 2 2 31 2 09 18
Soybean oil 18 2 2 2 31 2 09 138
Vitamin premix’ 25 25 25 25 25 25 25 25
Mineral premix’ 6 6 6 6 6 6 6 6
Sodium alginate 23 23 23 23 23 23 227 23

Nutnent contents (‘V) in dry matter

Crude protein 317 317 317 317 317 317 317 320 81 128
Crude lipid 53 53 53 53 75 53 31 53 0.7 1.0
Crude ash 118 118 117 124 120 138 135 120 425 36.2
Crude fiber 52 40 40 40 68 40 15 48

Carbohydrate3 234 234 234 234 184 234 284 232

'“Refer to Table 1.

*Calculated.

Z(20 0)° 60mheld o] wix|3le] 2t ALE T 4ubE o2 2073 ALg AP
Q. 5~10 F Foz APFzd £48 AH AA FAE S,
Hole 29 13 zt d¥szoict o 2 g A FASAL, H G2 JFL Hol
FoA £ASEY. F42L 3¢ /mnE 2AEIYLH, AL FTY F2
WstE 9~20C A
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3. MEEM Y EANE

APAIE 2 oAl YvrAE-S ACAC #H(19%0)0] wet BAsded, =
chal 2 (N X 6.25)-2 Automatic analyzer (Vapodest 5/6, Gerhardt)S A}&3}<
A8, ZXLL etherd AME3ld FE3Pon, £ 106TY dry
ovenoll A 4 A1t T dx F AT £¥, A FE Automatic analyzer
(Fibertec, Tecator)& ©]€3l¥ 3, T3 550TC2 a2 4 AL 5
e ¥ ARdgcl A+ SPSS for Window (SPSS Inc., 1993) program2.
2 ANOVA-testE® 4A)8to Duncan's multiple range test (Duncan, 1955)&
e BEde] Fo44¢ FHsA.

A34d A3 " 33

Fig. 3ol Vet upe} o] 2057 ALJ 3t o] MEELLS Wx ThAlute} Az
ol 77t B AYTEo $RoiP<0.05). 4PFRAIY HEAF(Fig. 93 F
A& (Table 13) A= thAlst FF77F FostA 7H8 RRA3(P<0.05), A=
0g FETFE 23% ol @ Ee] Mot vigAr I 7RG ¥ @E
B 31(P<0.05), a-potato starch 15% 7} 7o 93 zol7t AACHP>
0.05). HiFAIE FFF FToAA AT HTATH FAEL ARY GF3E F
F &, AW E, dextrin, a-potato starch, ¢ + 8 -potato starch, sucrose 20%
7V #E, a-potato starch 256% F7H, EF H7 AleldlAe ME Zol7t Q)
Atk (P>0.05). ¥hA o] a-potato starch 15% #7771 B AP F R thid do}
# a + B -potato starch 20% H7}79} F23 zolE& BYHP<K0.05). 48
S8 9 Z3e] ¥sKTable 13)= AF Wt vxd 23S B tAvis
ulg FFF7 viEAtE FETFEGD 22 @E BAon(P<005), 7R 5%
2 2o g AF Bix FAR S LA dHE6l A Fol tiE spA R
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Fig. 3. Survival of abalone fed the different dietary carbohydrates for 20

weeks. Symbols (mean of four replicate groups) with different

letter are significantly different (P<0.05).
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Fig. 4. Growth of abalone fed the different dietary carbohydrates for 20

weeks.

Symbols (mean of four replicate groups) with different letter

are significantly different (P<0.05).
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Table 13. Growth performance of abalone fed different carbohydrates for 20

weeks'
Dietary Weight gain  Shell length Soft body wt. w?;)d;/ I Soft body
carbohydrates (%) (cm) (g) le.nz tl(: wt./body wt.
WF 224%7.7 149%005°  022%0.02° 026%£002  049%0.02°
DEX 228+7.9% 145+003°  021+002* 0.25+002°  045+0.02°
sSuC 248149.2° 1481004  022+003° 0271003  046+001°
ab-S 250+31.4°  150£0.10°  023+0.05° 0271003  048+0.03°
a-S15 196305  142+006© 0.19+0.03* 024%+003°  0.48+0.02°
a-S20 22914479 148%008  0.23+002° 027£001°  0.48%0.04°
a-825 229+6.8% 1.44£005%  021£0.02° 025+001%  0.48+0.03"
MIX 2284298  146+005°  020+002° 026+002°  0.46+0.03
D-ST 111+208°  131%£0.04° 013%£0.02° 0.19%001°  045*001°
D-SM 157£31.4° 1352007 0.17+0.03° 022+004®  0.44+0.04°

Values (meants.d. of four replications) in the same column not sharing a common
superscript are significantly different (P<0.05).

o
of¥
ol
flo
mz

2ol apolE BolA ot

SA Aol Bt GF g7 Fo] x11, B3E o840
FA oY AN oFHT He Aoz g Yeu, ole BH FLY B
158 zol2 HAE 1 UrHShimeno et al, 1979). &332 Ao gt Jof
9} =9} 7A9(Furuichi and Yone, 1982)2 a -starch& dextrin®l\} glucose
Hot o # ojg¥cn rBiuso] i, A 7)(Willson and Poe, 1987)=
corn starch®t} dextrin®] o8& &o] £}1, dFFERIA= dFHFRE HHT 4
g1e 4ol Uty BuHAY 2B A9 (A F, 1995 o -sta-
rch2tt B-starch& H71e ¥ 7 Als8 &0l § ¥ 22 HiHo 3l
o} BARE ol o] F o ztolSo] TR HEAA dHME &3] ¢y
A QA %7 2o FolF, AR, AAERA, 4288 T A A
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315t glo 2 R AAE A7t saEojol ¥ ok £ A¥ @
st Aol A 29/ sucrosedt HF < dextrin @ starch F8°] FHE9 A
ot ARl 583 TS PN BahE o2 Hol BB A 2
TN OdFRE 28 & e 2471 5T A 2Xe g g2y B A
golAjo} Zo] graEUoE ofd F/HE ARIAE £ A
AR BAA 7HE 7HAC] XYY dHEdE 49T F UL Ao JgE
th 53] 2 Aol HEAN 488 TS H4ETY @ EE I olgHe
Rz vy g 953898 HrskA gtz € 2102 Azdn. ©
g EHRETY A SNIAYOE caseing USR] @3 oF FEE g
AR FEG B ® ol F guldog RAGIctn BIuEH(o] F,
1997b) corn gluten meal®l 12% 37} gz E73sln AZaAAN7} ¢35
3 Ae ZAHA AR AAlo] =80] € Aoz wad

A D MZZA a-potato starch 15% H7l P& 20% 9 25% H7M¢}
o Alole UAAY, FALLE B2 & Bo FHE A @48 E
€ 20% o1 H7Isle o) 71e¥ Re g B ojFol oA Al e v
FE AU HrEFe ol B9 30%7A ted Aoz HuHgoy, {44
A FED Polo g@43lE olRAL 10~20%2 Woldttn RuEo
(Furuichi and Yone, 1980). ¥ A3 Al5clA ©@+8E 3 Aladse &
T3E FFM ALE oz, A2 Hrtd F0AL @55E FFoly
A=At AT HELS GUAE BHY + e alginased 7HA L Uokn
®B350] o} (Oshima, 1931), YAVE ojUiNPo R A48 £ 7] B g
o]& TBidte AF AT AFUt SOl F Ao AyzE v AF
qE 44 olfFe Il a7Fo] 2 gl @FHE o8] B¥n
FA Aol A4 olFe @Y E 87 Fo] vy ¥ g G458 ol&
ol & R AdM AP e R S3ES & o] 83t Aty B o]

o

&
Y
B
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Hord 4 A7) WEo2 A HBo BFeE HEFE HIHste BE
2 1 wE e5EEol ¥4 22 v g g g o] 4 gly) Wil
el g 7ol 20~30%E §AA ofFfERT ¥e Ao AMzidch x3 B
Ao AP WFAIRE S AR FFo]l M2 Hl£3 #£Fo| =8 HAS
RFARE A FgaFo] WHOE ¥& a-potato starch 15% J7t7o AFa

7} a-potato starch 20% % 25% H7}tRU o4 HZ3 Ao g v]Fo] Hol
AEL AR 24388 dquxgdes o Z ojgsEe oz HdEo
Mai et al.(1995b) X Ee] ©ld g3z Aol FAE Huj Aol
Hag Atg od Fo] 35%0ln olm Abgol H7HE dextrin FHE 27%
2 vehd & 439 Ao A St B9, FHE A5 HA d5sE
gFe 20~30% A= Azd

Table 149 A3 2AMP AF FEAY MR 8 FFE AF A=A
of s ZE APFA ZAHAL, S FFe 4P FEAl o Frte
At AA FFE 4G ARA 08% AL Aol *P%é%‘ ¥ wigAE FFTE
& 09~15%2 F718 W] FdYoe] FFTFE 05~07%2 74 BY
BAch A8 28419 ¥ FFL AYF U M2 Aozt o, H4E F
8A] A g3e 29 dextrin, sucrose, d-potato starch 15% % &3 A7}
T ME froaiglel g AFFEY gk, Aol 9} ¢ -potato starch
25% H7}FEol ¥e #e BPHP<0.05). 9 A FdFe @3E o] 7}
2 ¥ a-potato starch 25% #H7M+7F 7HE 2o}l dextrin, sucrose, a + B -
potato starch H7}7+ 2 AF Hol79 FoJaE B UHP<0.05).

a -starch 15%, 20% 3 25% H7b7o] /MR A &F& A8 9 o -starch
o] S7HEA ot el Zaste A4S BT, ol AR A3
ko] W Aol wordth ALRAAIAl ALETHY dyA] FFE Y FE
(268 kecal/100 g diet) 22 FX3tHA @558 FFHE JI7HAE td 3

to
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Table 14. Chemical compositions (%) of the soft whole body'

Dietary carbohydrates Moisture Lipid Protein

Initial 80.7 08 12.1

Final
WF 78.6%0.15° 1.3+0.14% 137031
DEX 795%0.53° 15+0.17° 14.0+0.55™
suc 793+0.63° 1.4+0.06° 14.2+0.43°
ab-S 783+1.16* 1.2+0.10° 139+0.42"
a-S15 78.6+1.24° 1.4%0.18° 132%+1.10°
a-S20 789+0.71° 1.2+0.05° 13.1£047%
a-S25 787+0.97 0.9%0.08 129%0.86°
MIX 79.0£0.83° 1.3+0.00™ 13.7+0.64
D-ST 78.8+1.06° 0.7£0.05° 14.0£0.08™
D-SM 80.0+0.34° 0.5+0.06° 139+0.36™

'"Values (mean*s.d. of four replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).

=

k>

ANREd, Atlge duyx gERoE A o] ofF AFd Z
g ulAs Aog AZET) Mai et al.(1995a)2 Al 9] A gk
6%A 12%2 F7HANA ZHES ALSS Ao, 94 Al 9] A3 Fako)
S7184E 7ha R 2E o] F7hskAth AT Mai et al.(19952)9] HE
e B 489 g8 AlEd XA §F Friek 4 ALz oluA gl
Z7FE Aok £33, Mai et al.(1995b)& @8 d 87 AYelA Alg @93 §
Zg ZrtAHo wat A FBFe 5%2 DHsE Al dextrin FFL Hzt

A AR E A, AlEY F duA FFe 99y §F Iz
Z7FE, JH2R Y] XA §FE ALRY AduA] g e ForEAG. 2

o
ool
A
off
oot

lo
o

2aA
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Aol N PR BFTe el Quo] FFTY SFAR A7 gao] e
AS chAlvke} mlele] whld B RAD 2 FFash oA Sare] WAl
ZRT AR PolA 4 Asksh @A Al AFHE Fo| 22V HOZ 3
ZELS

olate] ABTHE FUE AR B5HEROR oW FHE ALEAS

£9 oz BOEN, AR V5T FRE B% ¥t AYY Rz By
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H5& x5 Alze A&

[0
0k
M

A1A A E

a Fo AL dUAdezA f T2 ¥ oty dhvqA 7HIE)7H
o} ZuIR AtE SHlAS AR F e T I
3] AePEE vy oY A7l AY AAE AMe 2 ofFel aTFEE
2 pake] FF 9 #Fol ALl H7bEojof @ri(Sargent et al, 1989). 53] o F

£ a5 aTats AN FRe Fol £LoU AEE Fol FBL Lol

g
©
Am
21.
ik R

Ho
oz
off
il
i)
l‘l r

%2 Ao]7t QItH(Castell, 1979; Cowey and Sargent, 1979). 12
AN B AFAREL FAUG oFe ity ARt FRe 8 7FE T
H&l7] 9% AFE sysld(Castell et al, 1972; Kanazawa et al, 1980;
Takeuchi et al., 1983; Takeuchi et al., 1980), B85 4 FE3= &8 3)
Ato]l = EPA (eicosapentaenoic acid) @ DHA (docosahexaenoic acid)®} &
n-3HUFA (highly unsaturated fatty acids)& L73ct1 sttt ()5, 1993a:
Lee et al., 1994; Gatesoupe et al., 1977, Kalogeropoulos et al., 1992; Leger et

, 1979; Watanabe, 1989). ©}2]3t A A& AWollA Axetel 484 F
A 715 F83% &S Edle HoZ Bl gluk(o]F, 1993b;
Baud et al, 1989; German et al, 1987, Lokesh et al., 1989; Stubbs and
Smith, 1984; Thomson et al., 1986). A B tlsj A= Uki ct al., (1986¢c)©]
YA gate) /9 87 %S FE7] AT ATE sk, FHE HF
Aol n-3k n-6719] MERIsFA Aol A0, n-3HUFA &F%o
oF 1%t FA3ATh AR Ukie] 282 o= Aato] AWkl A,
3O Aol g digh AFo]l b4 HAdAS ¥ otyE Als S



22 casein€ AHESIR7] W H8HA SHAM nFo] QAT Wt
AHA Atg BAA H7lstodor & A A9 FHY ZFE A8 AF 77}
gasota ARG 2t FHE wigAs NEE A4 ATFEMai et al,
1994, 1995a,b; Uki et al., 1985a,b; Uki et al., 1986a,b,c; Viana et al.,, 1993;
-, 1984; ©] F, 1997abc; B F, 1994)°] A& Y=ol fu, Uki et al
(1985a)2 Mai et al. (19952)2 FW&E Atge A Ad FFo] 3-7%H41 B
aF gk dd 2AM B AFedMe F 7S ololA 8 vt Fa 4
AFoz FAHD e FAF dste 2tz FHAIQIF oS duiAYde =
H71e AR E AZxdte HAY A R HFEAYEE 2AEA

A24 Mg g A4y

1. &8AlE

F AN 58S 247 dyFdAo 2 &1 dextring ©F3EYoZ
713t AP A8 E AP35 Table 15~1791 EAIE upe}l zho] Aubak(12:0,
81n-9, 18:2n-6, 18:3n-3 ¥ n-3HUFA)#} AP (LA HF, 454 £
)& g8 st 33 AA ASAYES AN F, 49 12 A
<€ dFYdo g dto AP FHIMF(Fat-free), 120 H7M+, 1208 4%
1811, 182, 18:3 ¥ n-3HUFAZ 1.2%4 a3t 47 (Table 15), 48 2& 7}
A A8 o] ZF(SLO), &47(CO), +A(BT), SLO+CO ¥ SLO+
BTE 242 5%4 713 AP F(Table 16), 43 32 o2 @wlad Algd =3
23 7+7+(None), SLO, CO, BT, SLO+CO % SLO+BTE Ztz 5%% 7}
AP F(Table 17)E ARG A 48 25 FAA2 e UIIEFS 4%
Hrbstglon, AAS A AR FFArt HEo g7(Mai et al, 1994,
1995b; Uki et al., 1985a,b; Uki et al, 1986ab; ©] %, 1997c)ell @& 2 g},

o
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Table 15. Composition (%) of the experimental diet (exp. -1)

Dietary lipid sources

Ingredient
F-free 12:0 181 18:2 183 n-3HUFA

Vitamin-free casein' 35.0 35.0 35.0 35.0 35.0 35.0
Dextrin 320 23.0 23.0 23.0 23.0 23.0
a ~Cellulose® 05 45 45 45 45 45
C12:0 5.0 38 38 38 38
ci81 1.2
C18:2n-6 12
C18:3n-3 1.2
n-3HUFA® 12
Vitamin premix* 25 25 25 2.5 2.5 25
Mineral premix’ 40 4.0 4.0 4.0 4.0 4.0
Sodium alginate 24.0 24.0 24.0 24.0 24.0 24.0

Proximate analysis (dry weight basis)

Crude protein 35.1 35706
Crude lipid 0.1 40*05
Crude ash 8.4 86+0.2
Crude fiber 15 55*05
n-3HUFA 0.0 0.0 0.0 0.0 0.0 11

'Serva, Feinbiochemica GmbH & Co. Heidelberg, Germany.

®Sigma Chemical, St. Louis, MO, USA.

*Highly unsaturated fatty acids (gift from NCF Co., Ltd., Chiba, Japan), purity of
EPA and DHA were 33% and 52%, respectively.

“>Refer to Table 1.

AEAEe 7 YRS 2 EUT F EYT 10g T B 100 g 75D oA
T F ARSI 5% FHLE £EAel 187 F7] LUMIEFS 2
#9402 AFARD ALZE T4 015 cmoll 1 cm Abzto] HES 22 Hus
q AL AZ F WE2ol HBSHUA AR FIAvtTh AL SG T
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Table 16. Composition (26) of the experimental diet (exp. -2)

Dietary lipid sources

Ingredient SLO CO BT  SLO+CO SLO+BT
Vitamin-free casein' 35.0 35.0 350 35.0 350
Dextrin 23.0 23.0 23.0 23.0 23.0
a -Cellulose’ 45 45 45 45 45
Squid liver oil (SLO) 5.0 25 25
Corn oil (CO)’ 5.0 25
Beef tallow (BT) 5.0 25
Vitamin premix’ 25 25 25 25 25
Mineral premjx5 4.0 40 40 4.0 40
Sodium alginate 24.0 240 240 24.0 24.0
Proximate analysis (dry weight basis)

Crude protein 34.1+0.8
Crude lipid 45%05
Crude ash : 8.3%0.2
Crude fiber 55%05
n-3HUFA 1.1 0.0 0.0 0.5 05

'Serva, Feinbiochemica GmbH & Co. Heidelberg, Germany.
2Sigma Chemical, St. Louis, MO, USA.

'STocopherol stripped, U. S. Biochemical, Cleviand, OH.
“>Refer to Table 1.

2. Agol ¥ Algae
B

F 7 2719 373§ AH(HFAF: 160 mg)E 1000k2]4 20 ¢
plastic #F° Z} Algvlt) 3WtE o2 g9 x| 3t 20%7H%&: 9~18T) 57
AP LA ANS AFAT ¥ 5 F BHeR HYrzo

AE SAEAL, 2Hole 2¥ 18] 39 7IEF22 2F 34
& A4 F 2F 5A A 24 ARE 1T ¥l FRoy,
F4EFLS 34 /min/tankE ZZ3AT AE AF}Aele 3000t o4, AY £
BAldlE 7 2 £8E 4FAHN HAE sampleR FHE PF BB(-75

ol
op
1
o
N2
2
2
g
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Table 17. Composition (%) of the experimental diet (exp. -3)

Dietary lipid sources

Ingredient None SLO  CO BT SLO+CO SLO+BT
White fish meal 455 455 455 455 455 455
Dextrin 25 160 16.0 16.0 16.0 16.0
a -Cellulose' 05 2.0 2.0 20 2.0 2.0
Squid liver oil (SLO) 5.0 25 2.5
Corn oil (CO) 5.0 25
Beef tallow (BT) 50 25
Vitamin premix’ 25 25 25 25 25 25
Mineral premix” 3.0 3.0 30 30 3.0 3.0
Sodium alginate 24.0 24.0 24.0 24.0 24.0 24.0
Proximate analysis (dry weight basis)

Crude protein 339 335x05
Crude lipid 2.2 79+0.7
Crude ash 169 169+0.3
Crude fiber 15 3.0+0.3
n-3HUFA 09 2.0 0.9 09 15 1.5

lSigma Chemical, SF. Louis, MO, USA.
2Tocopherol stripped, U. S. Biochemical, Clevland, OH.
%Refer to Table 1.

Ay
ol
M
X
1>
o
il
A
AU
2
ox
Az

T)stetrt zk A FA, 4%, 4% S8

3. 4224 H A2

gl Ad APAIE 2 oAl A E-S AOAC methods (1990)el oz} &
At e, U A(NX6.25)& Automatic analyzer (Vapodest 5/6, Gerhardt)
& AHgEt 245 A, AL etherE AHESt FE3l900, 8L 105C
o] dry ovenollA 4 At < Ax F ZASATY. T3, 2 HF = Automatic
analyzer (Fibertec, Tecator)S o] &3tH 1, 2382 550TC2] 332 oA 4 A
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Y e F AFEAL AL AL 0](1997)7F ARG W 5Y
&t st

ZAx}= SPSS for Window (SPSS Inc., 1993) program2 2 ANOVA-testE
A A}8l Duncan's multiple range test (Duncan, 1955)2 2 Ha#39 #9
2(P<0.05)¢ FAstH-

A32 Ay g n%

1. FHAIRl Atzolf Xt HoF &b

GRS Ao st AHbite] 2 HIE 6%9 AR 7Y
7V, 12:0, 181, 182, 18:3 ¥ n-3HUFA #H7})E Ha AF 160mg AF 9]
FHEE 2050 A A8 A8, 4E&(Fig. 5L 120 771 68% = ot
& AYPT 78-86%ET Fe #ge BYoy FAHeZ ol YUTHP>
0.05). HaAF o ¥3H(Fig. 5= 4871 Fo w427t AR (P>0.05),
2 HTAFL 541~690mg FAATH FAL, /A FF, g g M=
9] vl 2 AFo] hE 7HARFZ vl(Table 18)E AR Y] AWite] Fgkg
A FATHP>0.05). ¥Hael] H# 4L APt F M7} (Fat-free)9 n-3HUFA
A7V 7 1.58cmE 7+ @otA 3ol FRE 18134 18:2 H7H+9 1.69~1.71
cm®} FAHE EATHP<0.05). 7H4 % (Table 19)9] &3 99 d gFe 4
el zol7t FALM(P>0.05), AFL A4 FH7M7F 05% =2 181 3
7H9) 0.7%9 frog xtolE R ATHP<0.05).

A} o] AFAAIE A FHI EE AR HUlE Awate] ¢S
Wz ekgtony, n-3HUFA #7}7olME 2 a3 /HAEA £} &gk ohy
2} Z+Zol M n-3HUFA #7179 &%0] Bojxe o4 284 A 4
Elwttd. olm] Uki et al. (1986c)2 &9 A Wito]l n-3419} n-64)
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Fig. 5. Survival rate and growth of abalone fed diets containing different

lipids for 20 weeks.
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Table 18. Growth performance of abalone fed different lipid sources for 20
weeks (exp.-1)!

Dietary Final Weight Soft body Shell Body Soft body
lipid mean wt.  gain wt. length wt./shell  wt./body
sources (mg) (%) {mg) {cm) length wt.
F-free 603+02.2 279+465 317%585 158+005° 031005 0561002
12:0 5621922 3261797 3001556 159+0.06® 030+.003 059+001
181 690153 289+194 357%577 1.71x0.01° 035+001 056%0.02
18:2 673+£48.0 320%406 370200 1.69+0.02 036+003 056+0.03
183 6251913 309+480 323+t404 1651005 035+001 051+0.09

n-3HUFA 541+965 272+281 280655 1.58*+0.08 032+004 053+0.06

Values (mean*s.d. of three replications) in the same column not sharing a com~
mon superscript are significantly different (P<0.05).

Table 19. Chemical compositions (%) of the soft whole body (exp.-1)!

Dietary lipids Moisture Protein Lipid

Initial 787 138 0.8

Final
F-free 78.4+0.47 157052 0.5+0.04*
12:0 78.7%0.37 156+053 06011
181 78.1%1.01 155+1.22 0.7+0.01°
18:2 79.0+0.66 146+1.02 0.6+0.06®
183 78.4+0.18 153+0.08 06001
n-3HUFA 779+0.74 15.6%0.18 06+0.11%®

'Values (mean=s.d. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).

HUFAZ T stfied, & 430Me 233 dEFH Aol Holx o v%
o] Fat-free 4379 A4 x ©& AW H7h79h Aolg HolA] &L AL
2 YERY Uki et al. (1985a)® Mai et al. (1995a)8] A9} Aolg Rt 4
d 19 AAZ ol zolE HHrle YEAY, olvlx HE HL 3 F

Fol AWADe 2TsE R TAE Gom, FURY WEAVVES B
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AFstrle ol A 2o £33 & AFolA AHF vt ARl FAEL oy
Aoz AAEYE g@3Ed o & o837 " 2 dYAe 2ol
AAe] 77 EERE A2 oldA By AF3| HESIHoF & Aoln.

2. FHHIQl Atzoll XEHA HIt =2}

gulddg 7HAdez dtd AN HFH(SLO), &FF/(CO), +A(BT),
SLO+CO % SLO+BTE #ztz} 5%4 71 Witz s 48 1% 22 =3
o2 A% A3 A, AEE(Fig. 6)2 73-84%2 APl /3 Aol
AAHP>0.05). HFHTAZF, TA& R 247 (Fig. 63 Table 20)2 SLO7} 3
7t 43771 COst BTE #7He 4878249 2 &8 Y ATHP<0.05).
7bA R HFFZE SLOZL H7HE SLO+CO ¥ SLO+BTAHE T SLO &
gatglel F& A#E HYAYL, CO% BT7F #7be A¥+E SLORT &9
A Re %S BATHP<0.05). EF 2ol oig AFe vl L AFo
JHNR FFe) vle AYTL £HQA 2ole YUATEP>005), T Wate
373 fAFSHA CO%t BT 4877k o3t e Agoleh. 48 84 744

Table 20. Growth performance of abalone fed different lipid sources for 20
weeks (exp.-2)"

Dietary Final Weight Soft Shell Body Soft body
lipid mean wt. gain body wt. length wt./shell  wt./body
sources (mg) (%) (mg) (cm) length wt.
SLO 739+ 268° 418+10.3° 400+40.0° 1.69%0.02° 0.40+0.03 0.57+0.07
CO 57910477 254+319° 300t43.6* 1.58%+0.08" 0.34+0.07 0.5310.04
‘BT 581+ 84.2° 273+54.9° 300%557* 1.59+0.09* 0.32+0.04 0.52%0.03

SLO+CO 686+ 251 417+645° 363+153% 1.77+0.01° 034+001 057%0.02
SLO+BT 714% 30.3° 349+ 34" 373+20.8% 1.70+0.01° 0.35+0.01 059+0.03

Walues (meants.d. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).
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Fig. 6. Survival rate and growth of abalone fed diets containing different

lipids for 20 weeks.
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Kol 23 od¥d §FF(Table 21) At 9] A Ao J3FE A AgkATH
24 e SLOZF d7h" A ¥ F(SLO, SLO+CO, SLO+BT)7F COE7/M 71
o Fo3tA EL #T BATHPL0.05). 4¥ 19 Ao g2 dudddo] F
Aol EF3t A4E 20Me AZEATE ALR Y A Ao gFE wol SLO
7t 750l 43 AE B AL olvix SLOY i€ EPA ¥ DHAS
2& n-3HUFAS ¥3o 2 Aztdt 3tAY 44 191M & n-3HUFA H7H+
o] Aol t& At ArtFRG F33A R ol#F Aol AR
A% s & Agawhg g 7sE 7o) obdS AAMEL led AAMBA F
A £ Ye A FREY 3¢ 02 oFne 2 n-3HUFAS ¥4 tha
Aupato] e AL 87 £ Qlks Aok x| o) M AAF
AT dF77h aEh

£ Ay SLO% CO ¥ BTE &3t A7td 4379 A* el SLOT
5% 74 A@7e 2ozt A, o] F HAFPTF n-3HUFA &3 0.5%
Joh. Wb FHEe n-3HUFA 873 Uki et al. (1986)°] 33 n-
3HUFA 87313 1%Rt 2¥5§& AAen o

s} go] ¥ 4y e A7 AT FAB Y &Pty FRY 8 FF

Table 21. Chemical compositions(%) of the soft whole body(exp. -2)"

Dietary lipids Moisture Protein Lipid

Initial 78.7 13.8 0.8

Final:
SLO 783%0.18 14.8%0.1 0.9+0.10°
CO 783*0.72 15204 0.6+0.08"
BT  786+0.73 15.2+0.6 0.8+0.13°
SLO+CO 78.0x0.49 15202 09%0.10°
SLO+BT 778x0.17 15.1%x0.1 1.0£0.02°

'Walues (meants.d. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).
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of zto]E Boje R 43 oy Az 24 R AR Ax FHAAM &
A A FE AAY, FEFe oYL LE o|REYG Yol dH3cd Hee
Alzko]l o] HR3dEZ AR £F A T AV AAH A7l WE

Fat71d P& Aol Attt olHF olFE A
7hA] AE] FUL: 8 7F2 A3 HAHA XE A HY WAE FH3%c
d 2x3 gl

3. o{& Atzol X{HY HOL &0

A 13 29 €] € A¥cAe 443 S8 S nedle dyddes
olfo] H7IE Atso] AAE HrMEA &L Al&(None)$t SLO, CO, BT,
SLO+CO ¥ SLO+BTE Z}z} 5% H7ist ALE & AAStA 2053 3B o=
AEE A, HFE AESY HFAF (Fig. 7 3 Table 22)2 7+ 72-85%
453~542 mg 2 2 AP Fzrol Fo& Aol AUATHP>0.05). F A& (Table 22)
2 $A7t #7Hd BT SLO+BT A8 F7} 181~183%E None, SLO 2 CO

Table 22. Growth performance of abalone fed different lipid sources for 20
weeks (exp.-3)’

Dietary Final Weight Soft Shell Body  Soft body
lipid mean wt. gain body wt. length wt./shell wt./body
sources (mg) (%) (mg) (cm) length wt.

None 542+404 256+60.6° 290%30.0° 156+003° 0.32+0.03 052%0.07
SLO 525+959 253+20.9° 260+556% 1461008 028+0.05 055003
CcO 4871269 241t147° 237£57.7%° 1.46+0.02° 027002 055+0.06
BT 473+338 183+19.7° 237+251% 145+0.02° 027001 054+003
SLO+CO 501+222 217+262% 253+115% 1.48+0.03° 0.28+0.01 053+0.02
SLO+BT 453466 181+114* 227+230° 1.44+0.04° 027+0.02 052+0.01

'Values (mean=s.d. of three replications) in the same column not sharing a
common superscript are significantly different (P<0.05).
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Fig. 7. Survival rate and growth of abalone fed diets containing different

lipids for 20 weeks.
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Table 23. Chemical compositions (%) of the soft whole body (exp.-3)*

Dietary lipids Moisture Protein Lipid

Initial 787 138 0.8

Final
None 76.8+0.72 1541028 1.0+0.05*
SLO 77.4+055 1471056 1.5+0.04°
CO 76.8%0.44 153+0.32 171018
BT 77.0+0.64 152+1.03 1.6=0.06™
SLO+CO 76.8%0.72 15.1+0.43 1.6+0.13%
SLO+BT 76.7+0.38 152+0.15 1.4+0.14°

'Values (mean=*s.d. of three replications) in the same column not sharing a
common superscript are significantly different (P<0.05).

LB T 241 ~-256%8Y A RATHP<0.05). B 7t FFH 43
< AEE 7R &2 None 4377 748 &8 &8 B AR 3L
SLO+BTRG, #4421 9 438794 fIAE BAHP<0.05). ¥rdol 23
of it AFef ¥ R A Fol NE M F-FF vHle ALgZ e Ho]7t AU
dFFEA 74 (Table 23)9) &3 i FFe A8 Ao 3L &
A FRARE, AAL AL A FF ADLed] FEFS dot A FHIF
7F& $xal, SLO%H SLO+BT 4377 CO 487 R0 22 Aol ATHP<
0.05). olMd A& FH7 dP7] AA FFo] AF F7FERYG W %S
HA AL Alg XA 3ol IS 7] BELE AN ¢ AYedMe
ol9} A AFR}E B

Aot #ol AA FH7T AFAFHI A JrbrEdd viste wolAz] ¢
€ AL ol AAHJ vt Axo] FAE A o]§Ao] 28] A ¥V HE
o2 Az & 4397 92 £ 4ddMe @AdeR o & ALY
7] JEo AT A FFo2x HE ANF 8 FF S FFANE & UL

N
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S AAREL Qlow, B Agel A FAvtre A FEH22%)S Mai et al.
(1995)9] AFAA AAG A AF FFYA 3-T%ETt R grolch wapA] 2
HE A5 AE §3FE 22% A=rt HEE AAGHE Fd Reg 4z
grh 2 Aoy XA FHNFE HFESS ZE A9 n-3HUFA &3
09%01 o2 Yetstr] fd A8 n-3HUFA 87%
B ®g AR AL F7HE 239 BHY SEFRE I A
Foll daE ZefstA FRAT, n-3HUFA &7 Fo] BHH A= B3
I $RE Hrisle AL 238 AN} YRR A FHBAE
o AAdog HPstA ¢ Aoz ALY FAT AY 20ME S5 f
o} $AE 502 USRS oW HFol A I H7FET AstE o]
B 487 Aeolg Bolx Ut ole $A9 AadzAeld 33 2L 54
of gt Aoz AZHY AF AW F G A7t oo & Holrh
ol4e] AREZRE FHEL & FF AYMEGE n-3HUFA7F 0.5%°]
A 3eE A2 FF9 AYdER 74 18 a7dhe Aoz P} =
g ojfo] H7tE Atgel AAo] 2% olFY We AR FUIR HUHY Fa
T gled, NAS 718 BS A% 2L AF ALRTE AfFY HEA 7
0 22 g0l ¥e AAAE Htste Aol vy AT Aoz sigdoh

TrEE Aoz

r{o
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r
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H o6& &aEHME AIRS] i =F LU spirulina

A1A A E

EZ‘«'

AELS F37] o1 FAFZFHE Hol2 AHEEX Z3t7] g &
2 dFzREC] #ERFY o8 A AF(loriya and Suzuke, 1987, Mai
et al., 1994; Norman-Boudrean et al, 1986;, Ohgai et al.,, 1991, Yamada and
Takano, 1987; #, 1992; & &, 1993; &, 1994)& 35l At} o5 HEo]
Hzk 4ol et FAFERFULE FAE7] ojygr] dEQ 24 lem AF
7h H9 vy, Ao}, e} 22 #E2 {7 FEE A9 kA UFE
o ERE F HolZ 3o FAHANT AR HEL o]FEHEIt =] gE
o siHYEC s GA TFH 3L F A& ¥ oldg B o] ofd A7]d=
8740 th HgHol 2 7FatA] Rtk ofA 7tz FAHHA A8 A A E
A FUATY Fo7te FPH 2 7HA A8 - F, 1993 & - H,1993)5S
AESt B, JEFHE vigo] B{ste oA FEstE AR AfF ol
T PR FHEE Aol Aol w2z YEE] Eolx7] HE,
HIole 430l lem7t H7] HAMEH S4FFzAM FAHT Atk §4F
E FAEA Fo7tee AdAA HEL F ol uFoluh tiA|n} g A
olF TFEEHL ol MYl FFol FFT e Axd vFolY A
Te ¥Ee U=e @75‘011:}. A o2 FH Hole AR} AYE SO
At b A28 (Mai et al., 1995; Viana et al., 1993; ©] &, 1997a,b,c),
FTEol BLAE7] WE WFAEE AHE3tE Rol AA3I) FriE AUt
ol & FAHY HEE wiFAEE MEslr] A AF(e] F, 1997abc;

B

42

o
-
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A 5, 1994, Harada and Akishima, 1985, Ogino and Kato, 1964; Ogino and
Ohta, 1963; Uki et al.,, 1985a,b; Uki et al, 1986a,b,c)7} 8P = Ut 32| gt bj
FALRES AFEFol whet o] Mol ojAle] Fdo] Ao} Fol7} 4
2 4 AgE 9] AN A A7) olo) e A7 PAHZ of
2022 7] Mol B A7E FHE YA} A HEFo ALE
ER8A FHE spirulina® ARl A BT 4P, A4 L WY

o] Mo p)xE YFL FAEH)

A24d Mg 9wy

1. Alz =

2 AN AEE DB FFI R AZ: steam dry, LA VF A
%), FeHRA, B, BAUA 025 m) X 2WEL ARSI AgE T
e AEFHE A PUSHAD, WA AZFE ALl £3Y AL
Tt WA S4B A2 25 Aol Arleideh o] 59
Wb 4% 2 obElxal 24 EA5H Table 245 259 YEHAIT.

2. HEAR

Egolg, dFd, 29 ES F 9lddezd 4PALE(Con)oll A atef(M-
D, Aulg(M-2), GAIPHM-3) B EATHM-4)S ¥F 8 Hrsdda,
spirulina (S5, S10 ¥ S15) ¥ Az ¥ v]9E(UI0H U20)S #H7isled =& uj
FALR o G A XA o] 74z 34% R 75% AFF HEE HASAG
(Table 26). EAAZE LIMIEFE 23% Hrtstdoy, A58 2t o
SE A EHS F EFE 100g B & 100 g& 718t oA EFT F 43t
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Table 24. Chemical composition (% in dry matter) of the ingredients used
to experimental diet

Ingredient Moisture Protein Lipid Ash
. White fish meal 51 69.5 6.71 16.1

Soybean meal 95 485 1.80 6.21
Raw Ulva powder 94.6 2.05 0.16 1.65
Raw Undaria powder 95.2 095 0.06 1.84
Raw Laminaria powder 88.7 191 0.20 3.08
Raw Sargassium powder 885 2.34 0.18 2.93
Spirulina 58 528 1.26 10.6
Dried Undaria powder 124 19.7 1.68 26.4

Table 25. Amino acids composition (% in protein) of the macroalgae and
spirulina

. . White Soybean ) o ) o
Amino acids . Ulva Undaria  Lamiraria Sargassium Spirufing
fish meal meal :

Arginine 7.1 78 7.1 4.2 2.0 4.0 6.5
Histidine 1.7 19 1.2 1.8 1.1 15 03
Isoleucine 3.7 37 3.8 40 28 44 65
Leucine 81 81 65 7.2 55 7.3 9.4
Lysine 49 4.1 40 52 36 53 29
Methionine + Cystine 43 26 35 36 38 49 50
Phenylalanine + Tyrosine 79 88 83 11 58 8.3 6.4
Threonine 49 44 6.2 48 - 46 4.7 22
Tryptophan ' 13 0.6 16 16 16 14 ND
Valine 4.1 3.7 59 5.1 35 5.0 8.0

Total 480 457 481 452 343 468 472

ND: not determined.

5% dstdg TE&Yd 1830 E70] YUMUEFE o2 A¥AA
o AFRE F 0156 cmell 1 cm AtZto] H= & ZE Hddted XA ¥ 3
ol EASIEAM Abg FoAeith A&t AT £, Ax vgS AdHol
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2 AAsto afgArs 9 vlast Ao

Table 26. Composition and nutrient content of experimental diet

Dietary additive sources

Ingredient Macroalgae Spirulina Undaria Natural

3
M-1 M-2 M-3 M-4 S5 S10 SiI5 Ulo Uz sea food

White fish meal 250 250 250 250 250 220 190 160 220 190
Soybean meal 230 230 230 230 230 20 170 140 200 170
Raw Ulva 150

(as dry wt.) 8.1

Raw Undaria 150

(as dry wt.) (7.5

Raw Laminaria 100

(as dry wt.) (11.0

“Raw Sargassium 100

(as dry wt.) (11.0)

Wheat flour 155 74 80 45 45 165 175 185 115 75
Spirulina 50 100 150

Dried Undaria 100 200
Dextrin 20 20 20 20 20 20 20 20 20 20
Squid liver oil 25 25 25 25 25 25 25 25 25 25
Soybean oil 25 25 25 25 25 25 25 25 25 25

Vitamin premix' 25 25 25 25 25 25 25 25 25 25
Mineral premix° 40 40 40 40 40 40 40 40 40 40
Sodium alginate 230 230 230 230 230 230 230 230 230 230

Proximate analysis (36 in dry weight basis)

Crude protein 341 349 346 341 343 331 321 311 313 297

128
Crude lipid 89 78 16 7.1 77 72 713 74 7.2 72 10
Crude ash 128 152 158 150 162 129 126 127 152 172 36.2
Crude fiber 27 25 28 34 37 26 25 25 25 30 ’

12Refer to Table 1.
Dried Undaria.
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3. &g % AsH

Aggoz F 379 AR AH(HITAF: 66 mg, BddH: 08 cm)E
1007}2) 4 20 ¢ plastic tank X 11 diet X4 replication® 2 49} v} Xl 2053
(& 10~15T) AHS At ¢k 5 F A2 AYPsxd] +8E A
AX FAE SARLH, Holv 24 13 Z 4PF2ut 2~3 g4 T3
AAE F A= E FFEAL, Ha G2 FE o] FFH FASAS. &
FZujt} o3HAl ZI7IAA F4LE FFEHALH, FFFLS 30 /min/tanke 2
ZAAL, F2 Y 23 10/ S At A3 A &A= 50002 o]
2, A8 F3AAe &4 724 589 4FAH WA E sampleE FH3td ¥F
BH(-75T)8h7t 2 A, 2%, 4F F& 53 F, MR E £dsto 4

4. 4224 R SANE

AYALE L ojAe YuigEe AQAC HHH(1990)9) wat EAs e, =
ol 2 (N X 6.25)& Automatic analyzer (Vapodest 5/6, Gerhardt)E A}&-31o]
BAega, ZAWL etherg AHE3tY F&3Q o, 2 105C9 dry oven
oA 4 A7t 5 AR F APt £33, A H+= Automatic analyzer
(Fibertec, Tecator)& ©]839x, X3 550T F3zolM 4 A <%
B F AF3AT AR ofm| kb o] F(1996)°] AHE-FH e g A3}
o=

A= SPSS for Window (SPSS Inc., 1993) program® 2 ANOVA-testE
A A8t Duncan's multiple range test (Duncan, 1955)2 2] Hazte] #2
45 A3 A
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A342 ZAx g n%

0%t A28 Fof AES(Fig. 8)2 RI9Q AvlY FFTP7F B%E 713
HtAIgt 8 AP T EY 77~87%%E FA7 ANHP>0.05). HEHF A
F(Fig. 99 Table 27)& =AW A7 (M-4)7}F 310mge 2 7+ =gten, A
zolg FF7 1Tmge 2 7B AXE &8 B3, S Ao 3
ZFE7HM-3), Pl EE 20% 77 U207 AxE g& JeRR ATHP<0.05).
ol g AYL FTAE, /AR TF ¥ HEAF] IR 2 BAFS B
Aot vk Ao g AF9 vl AFo] N FARFH v RE 4
oM M zel7t AAHP>0.05). & Yede JFENE 49y g
1} 2o

248 Agey, Ang, Agacl 2 EAAE A2 st Zzh 81%,
75%, 11% 2 11% A71e wigAL2 2 A3t 23, A gAvh H7b(M-3)7F
BEAZF, FAE, /MR 3F 2L HAAFo) AR g B 7 Aol
Fo ARAE Hrl7ok folg 2ol BRATHP<0.05). 1 & AstH(M-1) 2
Aol G(M-2) 77 SA&9 7HAR F3E A2 H@obre {93 3}
o]& Ho|x FUAXTHP>0.00), HZHFAFTH BFL AR Hrl7d &
% Ao]E HHTHPL0.05). 919 ABE Bol 1B & wigitgd Iz
F9 Hrke dAmtRg mapwrg Hrbshe Aol o 43S AN = AS
Ro g Azt€.

GAlrLE Hrbsbe ARG RS FrhsAs o AFaRs Foide A
of WaiAE 7R G433 2 AJAS FEIY] -, At d8e o
Fololxat 2449 SHoA AMEA G g W oprliite] F3Fo)
thAlvkz} 7FA @Eai(Table 25), Mai et al.(1994)3}F o] $(1997b)9] Tl A
A3 BdAgo] o AHE Yokl Arg, His, lle, Lys ¥ Metd
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Fig. 8. Survival of abalone fed the diets containing macroalgae and spirulina

for 20 weeks.
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Fig. 9. Growth of abalone fed the diets containing macroalgae and spirulina

for 20 weeks.
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Table 27. Growth performance of abalone fed the diets containing mac-
roalgae and spirulina for 20 weeks'

Body Soft body
wt.(g)/shell wt.(g)/body
length (cm) wt. (g)

Final mean Weight gain Soft body Shell length

Diets (mg) (%) wt. (mg) (mm)

Con 331+£237% 411+281%¢ 155+£20.8™° 141+037™ 021+002 050001
M-1 331£164% 408+43.2°¢ 150+14.1%¢ 14.1+034™ 023003 044+0.04
M-2 331257 404+54.3™° 150%+14.1%¢ 14.1+036° 020*001 0.49+0.02
M-3  297+327° 341+525° 132+170° 1364018 0.18+0.01 0.49*0.02
M-4  370t16.0° 472+448 172+ 95° 1474051 021+001 052:+0.03
S5 339+£163°¢ 439+41.3¢ 162+ 50° 143%021°¢ 022+0.02 0.49+0.06
S10 320+107° 416+134 147+ 95° 1391012 0212002 0.47+0.07
S15 3274283 413+43.8™ 152+17.0° 14.0+0.46® 021+0.01 0.49%+0.06
U10 331£233% 425+457°¢ 150+14.1™¢ 1394039 021+001 051+0.02
U20 309+343% 370668 135+£129° 137+053* 021+0.04 0.46%0.07
Natural 117* 82°  70*141* 47+ 50° 101*025° 029+0.40 0.48%+0.06
sea food

'Values (mean*s.d. of four replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).

gaFol thAmtell A Be ghg Vel o2 Hol thAlnle] olulicit F¥ o]
T2 2R/l 3] HEo RAPS Aoz dddtt HAH>| FFFAM=E
15 g3 F Ae 2747 RuHAded, o] 5(1997c)2 A Holz vy
hA ek 2057 FA B FF 2, vg FFF7E oAel FF 7RG
F2 448 B

Spirulinag 5~15% A7t P79 BEE, AT, SHE, 7MY TF
R BEAZL spiruling H7F el TS wA dgon, fR2FAE o]
£ Holx FRA™P>0.05), ZA H7tFede FAE RATHP<0.05). ot
2 0IR spirulings AAMA 2HozE HUME et Q& Roeg pok
9o} 3HA R ohgoll AF3AAT A& izt 4Z24E W7 94 A7 5 5
T RHOoR ALY BarE U Aoz JidEn

o]

i<
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g A A7l RAES BEE U BX vFES 10%% 20%4
71 MiFALE 2 FAEG ASE 2, BEE, HIAT, FAE, AR TF

2 PF A N2 Holr)t gRed, dETY ArYg BT FTM-2)¢
= o]z} YAATHP>006). AT FX oz vgEe] Frhurt £& 20% 3
N7 ARAZFE, ZALT AR FWE 10% FAPEYG I EZFs} o
10% AE, WESL 5%7} A2 AAS Vehid et ng2 e wiat
ol ¥r1g Wole 10% ol3t2 Artste o] iy & Aoz wodd AL
2o guAn d Fado] B APAEY FYFYIE E7em oY vy
o] H7}ul7} wold4 2 AFAN} 3 FolE A e D Met 7% 2
"olnic it Fako] R 5 ofe] 7hA Ao) oY Aoz PF Aot AP
o] S(1997b)e] AFelN TuMPPo T ol 10%9 PlAEY 55%7) Hrid
AR ASE Aol oo ARAANFY AT £ AHE B
t}. olglg Atole] WElNE AFE AL ATsojof ¥ FHAlolth =F HA o
olel AzmY BFTY NAATIE B} MiPARTEL 953 2L e By
ou o]y AFJESE olnl o] 5(1997abc)ol A A& AFH u Aok

A% FEA FEL 785% AFZ A@A e 734%0) vl 2E PAIR
FolM Z75) Q4o (Table 28), AP TFel oA zole YATHP>0.05).
Sulge) A9 Ay AR 173%M AP FRAE 14% AF2 ZE AY
Foll M BastA, APAEIE 2ozt AATHP>005). MRS HAS
ARl AW FgFe APAZAY 1% vlE 2718 15% $522 FAK
o, HdolQ AZuY FFFE 2318 0.7%2 435 BiFAIETE B
T "8 3 e BFTHP<005). oMY Aol Te A Fapo] ke A
& oln NFaARol AAHo|Q vldol gAY} NAY gL JFAER
o] MiPAIRRTE WA Po} o HAL HUYE ZINIA RY BF =
3 A WFoz wadrt
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Table 28. Chemical compositions (%) of the soft whole body'

Diets Moisture Protein Lipid
Initial 73.4 17.3 1.0
Final:
Con 79.0:0.44 13.6%0.61 16+0.14"
M-1 7801+0.49 14.2+0.87 15+0.15°
M-2 785+0.84 144£0.88 1.5+0.20°
M-3 788+0.53 14.0+0.38 17+0.11°
M-4 78.2+0.46 14.7%0.86 16£0.10°
S5 785%0.16 13.7+0.27 16%0.15"
S10 782%0.87 13.9+0.48 1.7£021°
S15 78.3%057 142%+096 16+0.11°
U10 78.6+0.41 14.1+0.44 16+0.13°
U20 785+ 1.11 14.1+0.94 15+0.13°
Natural - - 072017
sea food

Walues (meanz*s.d. of four replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).

B2& ARz JehfiAle FAT 48 FEA RF, spiruling 2
ol Ed Hrh7 sz 4z 7 FrlE 459 4g adE vgdEdo.
upetr] HE Holz HIAHolE o] &3tux & w= o] Mg ZHdE )
FAIE H7MARA e fRAT P 44 THE mHAEAM 1 H HHv)
AF=jojof & Rojr}

Aol A7E T3 R FHEEL wiPAE ] FIAN=ZF Hrke oA
R 2aRkg Hrbste Zlo] 43S o APAE  AE Aoz AztHY,
spiruling® 8% M BHoge FH71g Havt g8 Aeg gudn vy
& Mg R A7t dole 10% 3tz Hrlste Rol wiE A & Rew
Beloh =% B8 Hzte] 48 gx o Yzt & g sty 3% 7
A8 HA ANFE AAAA 2d 5& nstd AdFH oo & Aot}
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H7& ZAHQ HTS gtz dA & 8o}t

A1A A E

19709 8 A% FRE uithol MR Fajo] o] FolA £ WRE 9
Gabel nF 4t AE0T 2L B3 AT, 1994). A2 BE FAlo] B

B0l FolAHAN S45-E G T 2 44 o] dgsAL Aok $8
e FE GRAY FAEC] F2 Gl FAH don, 4 ¢4 A
ol AlE FUkHET J' FAolth AT FortEL FEE Holg Ad
2RO EST Y7 WEC, olF FFol FETWE AX v|Holy oA
utg o] §&712 Fa =M g vl iFAIRE FUBA o] 8317 W&
HES] A FA Ao dYEo] HI Utk HF ALz Jido) A7
Eo] o|n g=oA P FYHo] ¢lOo}(Harada and Akishima, 1985, Ogino
and ‘Kato, 1964; Ogino and Ohta, 1963; Mai et al.,, 1994, 1995a,b; Uki et al.,
1985a,b; Uki et al., 1986ab,c), 159 AFZAANCZ = A2 vjPgAlgE
AAEZ7E o2 "ol o], 8 A e g WFAEE JNLE] 9
S gAY AF(e] F, 1997 a~d)7} olv] #PHJYTE F, 11dE FH HPAIS
o 4 wiFAIEE AHASA o= £ At R AAALE S vt uiFALE
o] $4& AAL, Z4F 9 AY, @3 EY, AEd 2 4F HATS
st HE9 4L HMAANINEA Aty @7FE H4gs7) A% 2RSS
AAEH Rt olm o] F(1997a)0] AFF AAH Atg o] @7HE FF7] AN
= AEo] HY=Z o] &Y & A, AFEANRI}E FoHA A8 7HHo] Yoo
o} Uki et al. (1985b)2 casein®] o250t o] 4353 FE Alg iy

>
R

>

olg}x B 13lY 1, Viana et al.(1993)2 £ % casein®} F53 &%

tjo

72
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T3 g, o] S(197h)% A& 542 YA AD. 22y casein
E G0l ES BI%3Y spiruling, P|HEZ, ¥g 3 opd EFE, <UL
< 98 97t viRa gl B4R § oS dASAY Hriulg 4
F Ue Wdo] AAHojol & Folr}. o] F(1996ab)# ©] - ©1(1996) AlE
859 ggotuyt & 1FHAAM 2 EZ) dis gA FPE b AT
ARES vl L S 21F V85T ERSY zoEH FAFHY widHES
AAEHE. & AYPoMe FHE Bt FAHA wiAEE Jldstr] A8
ol d HYP AAE ulge =, WiFgHE A& v drtE 23
o 4 FUALE 2 HdHolst O &5 HluE

s

ol

A24d Az g dd

1. dEAlm

olm] g A AAE wlgo 2, AAAHA MFAEE NEstr] A8 @
NP A0 2 casein, &, FE, dAHE nFED @ LHES A3 248
o H71stden, NADoZE LANNRE HUste &l Aol 34%, XA o]
7% HNE7} 52 AASAH(Table 29). 2 9] spirulina, A&, &%, 4704
€ g vt oA o JHA 4R E dFEA 2 viREHE
AR 989 ©717t kg B 5000814 8004tV H=E dFstA =R
T3 olFA AzE 7F A4Y widAEY HAFERE vImI] Astd FF
ALE 9} AALR(RZUH)E AT A4F AlE 48 AY AR wEhvdg)
2 4 8 E F EFF F oHFFAFE)AN g EA T4 015 cm, 1 cm AMZ
o] =& Addien, AFAZXA F YFud HW(-25T)3AM As
FAA et AHEE AT AFAIEE AFAA FYE Aoy, Axn e AF
A FELZ BujEe RE FYI}A
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Table 29. Composition (%) of experimental diets

Ingredients Expenimental diets Commercial Natural
1 2 3 4 5 6 7 diet (C) food (NF)

Casein 330 50 5.0 - Closed - Dried-

White fish meal 410 200 150 200 100 sea

Soybean meal 200 230 230 300 400 mustard

Cottonseed meal 150 150 {Undaria)

Undaria powder 160 100 50 50 50 30

Wheat flour 38 38 138 223 223 198 178

Spirulina 1.0 1.0 1.0 05 05

Embryo meal 50 5.0 100

a -potato starch 170 120 160 70 70 190 7.0

Yeast 30 3.0 20 2.0 20 1.0

Squid liver oil 50 20 3.0 30 30 30 30

Lecithin 05 05 05 05 05 0.5 05

Vitamin premix’' 25 25 25 25 25 25 25

Mineral premix’ 40 40 40 40 40 40 40

Sodium alginate 200 200 7.0 5.0 50

Enzyme mix’ 020 020 020 020 020 020 020

Nutrient contents (%) in dry matter

Crude protein %6 350 345 348 338 336 328 34.8 1275
Crude lipid 53 52 52 55 58 50 52 22 1.0
Carbohydrate® 2715 225 373 379 379 455 433 - -
Crude ash . 104 165 107 102 111 85 71 158 36.2
Crude fiber 10 10 20 36 36 58 93 - -
n-3HUFA® 11 13 11 10 11 08 06 - -

Cost (won)¥/kg 5023 2587 1911 1695 1330 908 773 - -

'?Refer to Table.
®Cost of ingredients except for diet processing cost based on the price in 1996.

2. Aol € AR

ddAde Y7 YIEAFT 120mge] FAEE HEto 2749 ZF dPex
(20 £)°) 70ut2] Y o] whAjsted Z} AbR Y 3WHE R 470 AMS AP Th
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Atee 29 13 4 2¥52ed 2~4 g 4 F45%3, 41 @ AL oL
Ats g9 el FASGEY. &4 A8 £29 F42L 3¢/minE 24slgon,
ARSI 9 & 12~17TC(HTELEFHUA, 134%21.1770), 852 1.026~
1.028(F 7 + EF A2, 1.02720.0005) EAATh £48 oAl 48 AF4A] 100
vie], 49 FEAE 4 F2o £8E 4EX 9 HAE sampleZ 3t
T BB 4 FA, 4, 4F 52 53T F, MR E ey

AEAIE F oja9] IR E LS AOAC WH(1990)0] wa} BAstded, =
ol 2 (N X6.25)2 Automatic analyzer (Vapodest 5/6, Gerhardt)E& A}-£3td
EAHAR, ZAYE ether® A3t F&3Pon, FEL 105TY dry
ovenoll Al 4 AlZF Tt R F SA3AT. £33, 2= Automatic analyzer
(Fibertec, Tecator)& ©l &3t 1, 3L 550C] 33}2olA 4 Al B
e F AFSAUT ALR Y oprkAbe o] F(1996)0] AHEF Wyog EAs
Aot

A3 SPSS for Window (SPSS Inc., 1993) program2 & ANOVA-testE
A A3t Duncan's multiple range test (Duncan, 1955)2 2] H#F7te] &9
AL AARsA

A3d Az g 3

AR T2 98 729 siBAIRRIR 1~7), U AFAIE (C) 2 AR n)
ANF)LE FFHFT 120mge] FAE P& 47013 A48 Z 3 (Table 30),
AEEL 71~90% WHZ APF7 zol7F FAHP>0.05). 8HAT A2 1)
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o FTFT N% MY RS @ BQY HAE FYF AFL Az W)
500092 7H3 ulg AR 15 YAl 7 NFAFR I} 035 go 2 7hg @
& e Hol AR 2,35 2 7 48T 498 Hol8 LR QLTHP<0.05).
ZAEH AR FHE o9} §AF AL B AlE 17 AE0|A7} 7R
Az e BALP(P005), 1 9 PAIRES NE Foxir A5 A @
QTHP>005). =3 AFo] F 7HA% F2e] vE 47 v5e AP B
Qe AR 5(27F 1,3309)7F 060022 743 ol AR 13 Rz ulgpe)
0.549~0.5537% #2218 B ATHP<0.05).

Table 3161 EAIE vho} 2ol BE 214 L 2HE o Wsto] YOIME Al =
Fol me} Aol R, AAH vLdA AR 17 dF o)A TIFFI} A}
2 2 9 59 §o802 3jol7} UEhRTHP<005). £3 236 that A5e] 1]

Table 30. Survival and body weight growth of abalone fed different diets
for 4 months’

Diet  Initial av. Final av.  Survival Weight gain  Soft body Soft body wt.(g)/
no wt.(g) wt.(g) rate (%) (%)* wt.(g) whole body wt.(g)

1 012%0010° 035%0013° 90* 33° 196255 0.169£00047°  0549%0.004°
0.12+0014* 050+0.029" 90 46° 331*£47.3° 0255+00213°  0.595%0.008"*
0.12£0005° 050+0036" 88% 29" 302158 0261+00268°  0.598+0.008"
0.11£0011° 045+0.034™ 86% 52° 319+134™ 0225300083  0.580%0.004™
0.13£0.027° 052+0045° 8% 63" 322+709° 0278+00261°  0.600=0.015°
0.1120.013° 04520037 85* 29° 296+160™ 0.231+0.0243°  05870.012"
0.11£0026" 045+0029%° 89% 41> 309+552" 0.241+0.0887°  0.5880.004™

O O~ s WN

01120013 048+0008° 83+ 58 325+398% 0244+00134° 0581 +0020™
NF  012x0.020" 035+0.048" 71%136" 190+17.9° 0.171+0.0309*°  0553+0.027"

Walues (meants.e. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).
*(final weight - initial weight) x 100/initial weight.
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Table 31. Shell growth of abalone fed different diets for 4 months’

Diet no Shell length Shell width Body wt.(g)/
(mm) (mm) shell length (cm)
1 13.6+0.17° 97+0.11° 0.23+0.005™
2 149+0.32° 10.7+0.23° 0.29£0.013°
3 14.8+0.26® 10.7£0.16° 0.29+0.021™
4 14.3+0.40® 10.4+0.32% 0.27+0.004°
5 15.1£0.49° 10.8+0.29° 0.31%£0.022°
6 142+0.33% 1041021 0.27%0.017
7 14.4+0.31° 104£0.17* 0.28%0.007
C 145%0.03® 105+0.03® 0.29+0.011°
NF 13.6+0.63° 9.7+0.43° 0.22+0.022°

'Values (mean=*s.e. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).
%(final weight - initial weight) x 100/initial weight.

T AR 13 Az vg937) 022~0.2322 7HF Rk on(P<0.05), 2 9 49
£ M2 foagle]l ¥ustdt

AE F3A 712 w4 E(Table 32) FollA FE 2L HPF3lo]
Mg Fa7h AA2WHP>0.05), ©¥E FFL AR 10] 135%2 7MY 2o}
AR 2, = FUAE 2 Az ngTFo 149~156%9 Aol EATHP<
0.05). =3 Ad FFL Ax vIF7t 0.73%=E 7H 2Fken, Al 19
1.78% 2 7t% & o2 B4 5 AcHP<0.05).

A9} 2ol @izt 71 Hlg 1M ALE T 99 43 AR E AT FYA}
B2ol vadPg W 2 Aol W HARA U, AAEE7I7E 1,3304A AlR
59 A Aol Mzt FFL Fdate UAAAT 232 AT FUAIBEYG ¢
B2 ge Byt o)nl =3E AF Aol 5, 1997a~d)s FAISHA £ 4Y
AME HAHolE adlE o]&dte AL FFolu AZE(AA FF)olA i
AR FEFTFEG Y AARE JeAT £33 AR 19 AFHEC] =F A
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Table 32. Chemical compositions (%) of the soft whole bodyl

Diet no Moisture Protein Lipid Ash

Initial: 81.44 13.82 097 2.92

Final:
1 7495+1.002°  1350%0.506" 1.78£0.205° 2.96%0.169°
2 7587+0209°  1560+0217° 15410021  2.82+0.119°
3 7665+0.858"  14.86+0657°  1.40+0.10%° 2.89+0.156°
4 761910944  1498+0407°  1.36+£0.079™  2.93%0.030°
5 7727+£0265° 147610079  136+0013°  2.75%0.060°
6 75871295  14.72+0622°  1.35+0.121°  3.06+0.258°
7 7582407460  1521+0369° 1490048  276+0.045°
C 7467+0786° 15560452 1.07£0.017° 2.86%0.112°
NF 76.80+0810°  14.89+0658°  0.73%0.065° 3.64%0.020°

Walues (meants.e. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).

z0g FF7 vsd o2 Az A& APAE A G833 ZAe
H), ol Al8 487} HINTSA A8 Fgel F& AHE 7HH A BF
& Q=8 x Yok AP ALR 18 Uki et al. (1985b)o] FHE A5 &
fog A FFdct Hid caseind AHEEIH e H, ©]F(1997b)S] APl
M casein AHE7} AAYol7RY F& ARE Bt ¥ oY o] F
(1997b)& FAE gwadoz Bofojio] casein 0|3 AZAEAE 7HG
I Busgen, B APoA FgojRe] F iAo HUtE AR 2(AMR
@7} 25879/kg) el A AU} casein AAR(AFE DEY {3 & ¢S
Bk E3 AR 3~T% AR 29 RE AFAFHNA AolE RolA At
o 2ol (P>0.05) AFE 9] ©7he kgd 1,0008 AFE ol £ A& Aoz A
Kig20=2
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H8& AHA
A,

Zol HigtAl2El 23 0E, A0]
FOkA| & ZAIEIQ] &DL S}

I
rok

ZRE vitho] $Hoe] FAo] o)foin & ARE o) Ure) nF F4
Agoz AE AT ATHA, 1990, HTole A P4 AVFL Fol7] 9

F

sl K3z olM LU FA3te Fo] A& FrtHE § A HHel o
FHAL ATHA F, 1994a). T8 vete FE GRAJD FHE] F2
pell M Fal=n dom, A FA BidFe] A& F7
BS st Fol7tse 448 ZolE AAL £FE FE AMEET Uk
A ol FFo] B2 AZx vgoly thA|utE o] &317|2 1 =
oA g vl WiFALEE FUEA 0] &3y] WEd FERoRE 9 v 4
Aol At ZAAHQ wigdArg ] o] AlFE APtk AF7A Y] FHE
vjg} Atgol] #®$ HF(Harada and Akishima, 1985; Ogino and Kato, 1964;
Ogino and Ohta, 1963; Mai et al.,, 1994, 1995ab; Uki et al., 1985a,b; Uki et

..,_,
B
I

O
fir
A
)
o
L
.

al, 1986abc; © 5, 1997a~d; 3 5, 19040)S S F2 Y2 8F, WA Hol
sho] wlm, Sl gl A AY P @82 o] &4 Bl FHHUTH olAT A
FEL AL W22 AZAZ £ UE AAFA e QAse W F
23 RE7 G o2 ARE EGz olv] AMEo AAFHA wFPu S A
Asta Hrrsled AR 97ME kg 9 1,000 AFE @& £ ok Bady
o AT AL FJANNAY FAL AAAIE v 4% Aol
A7E FYPHA 2Pk BE A9 4% AR} o= Lol AR
2 AFe7) YE o] Atdol B APeME B 7tA s FYUstd A%
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olyf AdEd vlAe FFES ZABIAT

A2Ad Az P Y

1. Az

FHAE AY WFAIE R o] F(1997a)0] AHE3 BE APAEE 2itsly
AzdE HEALE(Con)t & APAM AAIG ZAHA FHEL ulisivlo) 23
of (WA 727%, AA: 31%, I} 107%) 5% (SM), AHolHAEA
(Feedbuds, USA) 0.5% (AT), defl(3& wl7}E A, =4} 1% (HE), Lecithin
05% (LE) ¥ &9kAl 05% + Lecithin 05% (HE+LE)E &2 #7lste] % 6
Z9 49 uPAIEE HASIUHTable 33). 43 Al8 ¥ AF Alg Wi
M2 2 488 F T F o/ AF) A7t F4 015 cmZ} 1 em
Atzte] HEE Hastgon, AF ARAN F PEuo] BI(-25C)sEAN
AlR FoAlett ARSI R FolM FAY FFAIRE FYSIA vt
AtE 9} Bl

2. Aol Y ARHe]

APAHNe B AT 150 FHABS ddste 809 & APF=2
(20 £)°l 100"}e]¥ L] wix3le] ZF Al F 4RHE 0 2 1857 AMS A HEY
o AR E 29 BFeR B A¥szuit 3 g A FAsYn, dn 3 3F
< o At F9 Aol FASRAY AMR7IL FY 2 HYYE sy
14~16C(H T, 15C)7t H=& 2F3How, & Fxvitt F4%FL 240 /min2
ZAH8AHFig. 10). 2AE odle 49 A2 3007e], 48 FEAHE &
Fxo 88 AYXH WAE sampleZ 3 ¥F BB(-75CT)slg7} 2
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Table 33. Composition (%) of experimental diets

. Experimental diets Commercial
Ingredients .
Con SM AT HE LE HE+LE diet
Casein 50 - Closed -
White fish meal 200 150 200 200 200 20.0
Soybean meal 200 230 230 230 230 23.0
Undaria powder 50 50 50 50 50 50
Wheat flour 178 248 243 238 243 233
Spirulina 1.0 05 05 05 05 05
Embryo meal 50 5.0 50 5.0 5.0
a -potato starch 12.0 5.0 50 5.0 50 50
Squid meal 5.0
Attractant! 05
Herb? 1.0 1.0
Yeast 2.0 2.0 20 2.0 2.0 2.0
Squid liver oil 3.0 30 3.0 3.0 3.0 3.0
Lecithin 05 0.5 05
Vitamin premix® 25 25 25 25 25 25
Mineral premix* 40 40 40 40 40 40
Sodium alginate 7.0 50 50 5.0 50 50
Enzyme mix’ 02 02 02 02 02 0.2

Nutrient contents (%) in dry matter

Crude protein 348 336 339 339 338 338 34.9
Crude lipid 52 56 58 58 58 58 2.2
Carbohydrate” 369 383 382 382 379 378

Crude ash 103 100 104 104 101 103 15.8
Crude fiber 20 36 36 36 36 36

n-3HUFA’ 11 10 11 11 11 1.1
Cost (won)¥/kg 1900 1390 1320 1320 1330 1330

'Langobuds Goild, Feedbuds, USA.

*Hansol megaton A, Hansol Oriental medicine Co., Ltd., Pusan, Korea.

*Refer to Table 1.

*Kemin Industnies, Inc., Singapore.

®Calculated.

"Highly unsaturated fatty acids (C=20).

8Cost of ingredients except for diet processing cost based on the price in 1996.
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g dd, d¥AtE F oAl IRt E-S AOAC ¥ (1990)0 wa} BA1s)

o], 2dMA(NX6.25)2 Automatic analyzer (Vapodest 5/6, Gerhardt)Z
A3t FAE AL, ZAYL etherg AME3lA F&3Pod, 8L 105T
9] dry ovenollA 4 A7 B¢t AR F 2R AYh w3 2§ E Automatic
analyzer (Fibertec, Tecator)& ©]|&3Q 1, 23 E-L 550TCe 33204 4 A)
EG BE F At ALE Y ofn|4be o] F(1996)0] AFE-3 Wy o
2 BA3dY. A= SPSS for Window (SPSS Inc., 1993) program®. 2
ANOVA-test® 4 A8l Duncan's multiple range test (Duncan, 1955)2 X
2] ool foAdS FAANAT

A 34 Az g 3%

HEALE, 245 A7HA7E 89 e A48AE 2 o $UYAIEE 150mg A
Fo FHE ANE 18F AHS 4P A (Table 349 30), HE HFANFL
610~700 mgo 2 AAsHor AdPFel F4HA 2ole AATHP>0.05).
AEES ZE ALRAA 89~96%=2 M2 fFoatgle] (P>0.05) ¥&3 xS
B A8 3FA7 718 HE ARV 405% 2 7F8 ko) B A
T 320~379%<} Al f @ Aolv AFHA FUTHP>0.05). BT 7HA R
ZZ%E HE Alg7} 35Tmge 2 7} =1, Lecithino]l ¥7}8 LE Algr)
265mg 71 wokout BAIAQ] Aole QAATHP>0.05). AFol hE HAR F
Z uE APzl 2ol YA

2t 9 AZe 747t 161~17.0mm 2 1092~11.95mm= At29] H7}x)ol
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Table 34. Survival and body weight growth of abalone fed different diets
for 18 weeks'

Diet no Initial av. Final av. Survival Weight , Soft body wt. Soft body wt.(g)/
wt. (g} wt. {(g)  rate (%) gain (%) (g) whole body wt.(g)
Con 0.15£0009 070+0014 91£24 357228 032500409  0.493+0.0583
SM 015+0.011 0670035 89%29 329+214 0.285%0.0542 0.449£0.0546
AT 0.14+0.008 066+0032 91%£38 379166 0.277x00315 0.435£0.0584
HE 014+0009 0720045 91%£13 405%102 0.357%0.0450 0510£0.0462
LE 0150008 061*0033 90%29 320x280 0.265+0.0427 0.457+0.0585
HE+LE 015+0012 069+0053 89%x14 353%350 0.310%0.0678 0.459+0.0599
C 0.16:£0.013 066*+0008 96+1.0 328%423 0288%0.0377 0.443+0.0553

Walues (mean=s.e. of three replications) in the same column not sharing a com-

mon superscript are significantly different (P<0.05).
%(final weight - initial weight) x 100/initial weight.

Table 35. Shell growth of abalone fed different diets for 18 weeks'

Diet no Shell length Shell width Body wt.(g)/
{mm) {mm) shell length (cm)

Con 165%0.06 11.67%0.131 0.39910.0093
SM 16.7£0.65 11.77%0.492 0.373£0.0261
AT 16.3+0.37 11.62+0.225 0.393*+0.0136
HE 16.7+0.30 10.92+0.663 0.416*0.0208
LE 16.1£0.67 11.45+0.184 0.360+0.0209
HE+LE 1662047 11.95+0.386 0.3931+0.0243
C 170043 11.82x0.170 0.382+0.0098

Walues (meants.e. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).

g3¥S WA oo (P>0.05), LA el i AF vix ALsZre fAb7F A
21 P>005), HE7} #7128 248771 g4 & #8 2yt 4% F3A9
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ZpA R &, @A, F 2@ 38 FF (Table 36)2 At 9
RATHP>0.05).

Table 36. Chemical compositions (%) of the soft whole body’

AL WA o

Diet no Moisture . Protein Lipid Ash
Initial 79.12 13.42 0.94 3.24
Final

Con 79.32£0218  13.27+0.119 0.98+0.055 2.78+0.032

SM 793410096  13.33+0.164 0.93+0.053 2770077

AT 79.26+0.161 13.35%0.233 0.96*+0.057 2.77:0.080

HE 79.07£0.373 13.32£0.425 1.01 £0.095 270+0.116

LE 79.33%0.232 13.38+0.162 1.01x0.071 262+0.173

HE+LE 79.08%0.260  1363*+0215 1.01 £0.067 280x0.105

C 7857%0.294 13.68+0.276 0.86+0.014 2730086

Walues (meants.e. of three replications) in the same column not sharing a com-

mon superscript are significantly different (P<0.05).

Aot 2ol 4F H7HAZE FRE BAAHY A widAsE T 4% 2 A4
B2 dz7 2 A5 FYAE HE 72§ o)zt AN 2R, oA AA
g ZAHA wigeie d8Foz ARE 7 UL
HollM Z+F H7HA S H7EFHI gle Ao vjFo Ho}
ZHE FAEe 43 RS S8 uidAtsed HE de e
gefAle] Hrh7r S g AT Bl

gEch fojxte AAAT

Slof, FeAY Hb7k AN drht =80l FAE HE T B WY 5
tgd A7 Assoiol & Aolth

EH7} = ReZ B3 ut ok
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AlAd A E

g1 PRI ATAUG Sedets 281 WEARS formulation

e A% AdHel HFEAE O golt W, WEIF4s) Foh WS Ha
shstel AR YIS Folt ATV WasTh olg @ ZR)A WAl o}
9 vgus o2 A3 YrEe neiss AL oS s vg
9o 4BAE fAstEd B5HA FFAothNRC, 1993). o2 wIE RS
e 77} oiFvitk A 7sHE Fol thE ¥ olg} olF el RN A4 87
of GAHE olde] e Fo) WM, Atgel 245 wElo] REaW 4
ol Astm Aol B WAl FAAE § A2 71X ABIA) e
th. ool mhel @e Aolzk YA PR HEBUSE oF HAHA A
Qo) o9 vloz a7 WEo) ALRE AXY o MErY) ETE (premix)
2 dEz Wgsel Arleln AT wEY EHEA WiHE 243 wgus
7ol usm AL AR AZA AP R FFI} A7 H 2ol
A2 WEA Zzte) Arbdel W FReA nAH® Aok weM olH gy
JELTE AT 4YAIY HSMTAR HPH vy TPE) 4He
APAEY WETZM E5S LHEHD, FFNGARY FAF ol o]
B¢ F2¢ adolth HAW B FRel vEYUE 27 olFvin 1 a7

BAsIE e =B Azre] WRY Wole ZE FF vig 8

flo

:x:‘.

Q.
=

TS ATHE e e YE AFoIT
54 FET oMAANL WFE 250] sl Ut BAANA FAHA 49
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£ FA%7] s 4F udlZdS 873y, o|dd v ELS A =74 A4,
-E3719 BY A, AFG 2H R AF 549 HE JAAR FEstd YA
8%, A% 2 Ao BAIKNRC, 1993). vivide] 437 25318 43,
AREE 9 A E8o] ZAHI HAREo] FolAE F FIEY FiF mEbA
o] 7}x] H2Lo] xefdt mulEE I 87 %F zloldl w2} Cast P T3 2
2 FdA Qelle 259 g7%0] @] Yo A7l oj2gol mEun, Fa)
742 o] &) sl Ca, P, Mg, Fe, Cu, Mn, Zn, Se¥} 1¢] & F&o] A7 5o
gt} o Fe B ES FEFEZRE oprin| g BRE Filo LolEoln
Hol Zo] my|EE Foz F4Fct 28y oFr a2 g vMEgs
ZFolM HFHT = Ao, AL5el Y- FE /et Fojof & Fojth &Ko)
1S Fajo] o]FojAE oJFo] tME 20 FAHQ HolZ2HE FQ
3 ojlEe 25 A F gloenZ uifAtrd FE3 udde] Hrbes "y
Zolt), watrM Falojol AL HUZ FASL ALREES Eol7] AslM e
g oiF Y vluld a7 B3 ATV 9A FYHojof & ez wddd
AF7A FHEE MFAIRE NEE) Y - A7) 5, 19977t
o] gt vEt g nulde] 8 7Fd #F e FYHA FH) AE
of ujg g AHA vlgly P opld e HlFES dF37) Y FFolh
g 2 dFoME el ol A7 A8AHA uidAR 2P0 AlEE
AzEHUE W HriEolof & vER & nud EJE FFE AU

e

A24 Mz E By

1. AR

o AP AAIZ AAHA FAEL uigyld HEL HFAIE AF(0]
= 1997)0 A& AH83ldL vitamin Z mineral premix9] F7tFEE 2l
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o & 9% AY WFAEE A3 (Table 37) Wi A2 989 w7}
kg & 5509014 1,370 71 2] 243 A Al AEe 43 A= wigy)
e z Y988 F EFS F oF/A(F) 3 F7 015 cmZF 1 cm

Table 37. Composition (%) of experimental diets

Experimental diets
1 2 3 4 5 6 7 8 9
White fish meal 200 200 200 200 200 200 200 200 200

Ingredients

Soybean meal 230 230 230 230 230 230 230 230 230
Undaria powder 50 50 50 50 50 50 50 50 50
Wheat flour 243 243 243 243 243 243 223 243 223
Spirulina 05 05 05 05 05 05 05 05 05
Embryo meal 50 50 50 50 50 50 50 50 50
@ -potato starch 50 50 50 50 50 50 50 50 50
Yeast 20 20 20 20 20 20 20 20 20
Squid liver oil 30 30 30 30 30 30 30 30 30
Lecithin 05 05 05 05 05 05 05 05 05
Vitamin premix" 05 10 15 20 20 20 20
Mineral premix® 40 40 40 40 40 40 20 60
Sodium alginate 50 50 50 50 50 50 50 50 50
a -Cellulose 2.5 2.0 15 10 05 6.0 2.0
Choline chloride 05 05 05 05 05 05 05 05
Enzyme mix’ 02 02 02 02 02 02 02 02 02
N s 0 b dry matter
Crude protein 335~338

Crude lipid 55~ 58

Carbohydrate 36.2~37.9

Crude ash 105 105 105 106 106 104 80 97 113
Crude fiber 26 26 29 31 34 36 36 36 36

n-3HUFA® 1.1

Cost (won)%/kg 547 550 745 940 1135 1330 1210 1290 1366

"’Refer to Table 1.

*Kemin Industries, Inc., Singapore.

“Calculated.

*Highly unsaturated fatty acids (C>20).

8Cost of ingredients except for diet processing cost based on the price in 1996.
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Atztol M= & Hadyen, AFAXAN F Yo} HF(-25T)3tEAM A}
B 9o ALgstd

]

. AEo A AlgHe

AEANE HF FIAF 100mge] FAES HEsio 27709 24 APFx
(20 8 )oll 7021y o] wiX|3t 2} Alg g 3 A
AtEE 29 18] & d¥szvid 2~4 g 4 Fo9542, 9
At g9 Aol FARAY. F4EFE 3L/min2 HIA
FL&L 12~17C(HFLEF AR, 134%£1.177C), B1F L 1.026~1.028(HF
FA A}, 1.027100005)th F44 oAle AY Al 1000, 4 84
ole zt & 88 H¥A HAE sampleR F 3t BF BB(-75T)3}

o7t 4 A, 4%, 4F 5 FHE T, HHFE B 48 2430

3. 4824 « SAlMa

AYPALE @ ojao] YRS AOAC WH(1990)9] oz} EA3tgdedl, =
Sl A (N%6.25)2 Automatic analyzer (Vapodest 5/6, Gerhardt)E A}&3}<
A8 AR, 2AWL etherE AHE3IY FE3P o9, £¥& 105TY dry
ovendlAl 4 A7t B¢ WX F FAIAUY. =3, 2 HF+= Automatic analyzer
(Fibertec, Tecator)& ©]-&3& A1, Z3E-L 550T2 sz oA 4 Az F<t
B ¥ FF3A

Axe SPSS for Window (SPSS Inc., 1993) program2. 8 ANOVA-test&
A A)3F Duncan's multiple range test (Duncan, 1955)2 2] a9 §9
e A%
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A3A Az gl n%

A8AQA wignle] HlEIY EFE(0~2%)% oulY EFE0~6%)S 7tz
2] Frhsted 01 g AF9 FAE WS 4L A A EE 27 (Table 38
7 30), EEL HER EFEC] 1% 2 2% H7F A F(AIE 49 6)9F o
g EFEC 0% ¢ 2% H7t HEF(ALE 8)7F 89% = HIElRI EF/E 15%
7} (AR 5)9 05% H7FT(A1E3)9] 78~81% Rt} ERTHP>0.05), 3FA]T 4
EE9 il Atse MR £ Y EFEY Hrl F0 "WE &
AL UAT. AT HTA 7pA R F& AT g AR e
v, 743, Z4E 9z} Atg o] vt g wjj ol o
&g w2 ATHP>0.05).

7FA1 %] AurA} ¥(Table 40)FANA HF 7%%»4 FEE 752~T19%2 4
d AR 814%E T A ew, vild ER}E 6%H 77 B2%E T}

il

=, TAE

¥

gk AFule e

T able 38. Survival and body weight growth of abalone fed different diets
for 4 months'

Diet Initial av. Final av.  Survival  Weight Soft body  Soft body wt.(g)/

no wt.(g) wt.(g) rate (%) gain (%) wt.(g) whole body wt.(g)
1 0.11£0011 0450075 84+35™ 308+382 0248+0.032 0.596*0.0044
2 0.10%0024 043%£0.078 84+3.2°™ 333+19.0 0.253+0.026 0.604%0.0084
3 0.11£0.008 053:£0.063 81+2.0° 365+282 0.298+0.045 0.624+0.0102
4 0.10%0003 04410046 89%=1.2° 338%624 026710022 0.605+0.0049
5 010*0010 051%0.040 78+24° 428+50.3 0.291%+0.023 0.623+0.1170
6 0.09£0003 042+0.026 89+26° 339t 98 0252%£0.025 0.607 £0.0091
7 0.10%0015 048+0.029 89+0.8 392+463 0.253£0.014 0.603+0.0026
8 0.09%0011 046+0.055 89%=2.0° 402+204 0.258+0.034 0532+0.0774
9 010%0020 047£0.096 84+2.8™ 385+365 0264+0.040 0592+0.0163

'Values (mean*s.e. of three replications) in the same column not sharing a com~
mon superscript are significantly different (P<0.05).
“(final weight - initial weight) x 100/initial weight.
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Table 39. Shell growth of abalone fed different diets for 4 months'

Body wt. (g)/

Diet no  Shell length (mm) Shell width (mm) shell length (cm)
1 14.37+£0.617 10.21 £0.384 0.287+£0.0255
2 14.13£0.504 10.17£0.401 0.295+0.0202
3 14.73£0.600 10.59+0.382 0.321 £0.0300
4 14.70£0.458 10.65+0.348 0.299+0.0151
5 14.80+0.351 10.73£0.310 0.325+0.0052
6 14.07£0.375 10.30+0.268 0.294*0.0169
7 14.53%0.218 10.57£0.103 0.289*0.0116
8 14.37+£0.536 10.35x0.361 0.349+ 0.0533
g9 14.70£0.600 10.59%0.412 0.299£0.0291

'Values (mean*s.e. of three replications) in the same column not sharing a com-

mon superscript are significantly different (P<0.05).

Table 40. Chemical compositions (%) of the soft whole body'
Diet no Moisture Protein Lipid Ash

Initial 81.44 13.82 0.97 2.92

Final
1 76.95+0.829 14.37+0384™  1.33+0.072° 3.11%0.090°
2 76.41+£0545° 1516+0.243*  1.43%0.010® 291+0.071%°
3 7728+0.333"  1437+0.160°  1.44%0.047%° 2.84+0.102°
4 758370928 14640495  1.48+0.143" 2.87+0.064°°
5 76.83£0.195° 1452+0.188*™  1.49%0.087*° 2.80+0.025°
6 7791+0.175°  13.76%0.259° 1.34£0.066° 2.81%0.028°
7 763240621  14.79%£0464™  1.31%+0.086° 3.00£0.049%°
8 764110946 14.88+0570™  1.44%0.086° 2.96+0.132%°
9 75.19+0.364*  1576%0.364° 1.65+0.006° 2.84+0.014°

"Walues (mean*s.e. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).
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3 RGTHP<0.05). BN FFe 4F ARG 4F FEA HA=Z Fo}
Row, g THE 6% A7 158%2 7H EUTHP<0.05). 48 A=
A 097%QAY XA TS FEA 131~165% BAZ ZE AFFA F71H
deon, vuld EFE 6% 7T M w2 B8 BATHP<0.05). JEFF
e AY AF 28~-31%EHE N2 HxT FES FABYLeH, 4F FEA
o= HEY E&E T A¥F7 7P 2 RTHP<0.05).

olAte] Az RE B Ao wigvldMs nietyl EFEH vl EFE
W BE3A Yol g Aoz HdH) ojn AFF A MY vlgulo]
U olulZe 7tZo] uixy) g el o529 Yo Hrke AAHY BHlE =
g gtct Table 3701 EAIE 7+ Alg e W7l And, vl vvd &3
B9 AAZQ zAug A" Aol o A(e] F, 1997e)01 A AHRF F£F
o2 H/HS (R AP A8 6) 1,330¥9/kgelNx, vEtR# ov|E EF/E
M7} £&0) uhe} 547~1,366¥/kgo 2 YEtgh weir & AP A= A}
FY7HE 5009 /kg7M A= A4 & UE ReE ridEd.
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H 10 & HiEAlE & HAYHO0| SFAl

HM AR

A1A A E

ARFE AAHOZ 10094F oo £Xatn QYo oF olFuatel 5

2ozt o 0302 32 2uFgelN gol A4HDT Ut £ Yo
EURAY TR, F2UR, AREARY FFA BHR] AT Yo

o, 1979), AFEE AN ¥ Ade] AW HA £L0] 12Col82
XY B0 AYY FO2E GRAA FAR] 1Y AFE P4 Wyzos
=

Azt oA D), Fa AHg)

2 FAHo2 37t FHAE Roln A YL VEALR, 1994), B2

At e AL LA L AT &
4 FHol FEL ROt HPH YA A,
ge) 22 8 sue) 99 59 o) TP
Hol o|27A K4 FEAA 2 FHol AEHD e FAolt 1=

2 G AuFo] Aol ma) F7H5n dom, 53] §4 SzelMe P4

B ol ML ul$ F23 FHAoly HEe] Fuol B AFEZE F(1970)9
g FAo B A7} & - #1976)9 FF T FHEY 27 A=

Ngo] BH AT, F - KI8T L FE A 712 BAD AR AL
B3 A3 oo F - #M1(1984), £(1992), ##(1994) = FHE(1996)5 o) BE
Z 9 =olo] B AT Atk o9t WAt 1970t Fukslo] FPLA
FA9) AEHA 714 Aol s W2 ER A4 71Eo] HPHo] A A
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BE AT2E it M1988)9) FE4 VAR o4 FAE X
siel 54 e} o] P AT {199)F S FAE Ko o] v
z¥e 2 A8V dako] dF AT D #11993)9) HH &8 A7} A

dol Mo AEF Xo) AHS e Ao Y A7 Fo] AFHAUG
A% FAANNE VAL Holz Aujd, AriAlnist e HA Holg F
2 AL83g7) d8olE A2 GARE FFET A Aol MAH %
A wrde] AYEe] 1 Yok ol F A ol Aol gt BFFo) B
A B olJg} 71Ae) WEo] A, A =¥ MPAER AMgsE And
& Aoz BuEo] YAcH(Viana et al, 1993). 2322 HE YAAgrs
Ao WgAEE dAST Qo T SFALEL AEsR] o} 9T
MIARE £UFnYE Aotk aYM F2 FU WPAE ALS st
QA A7sl APl FrHo] F 1997). WEL ojFGE T £Hso o
olg A TETEAM MAFE HUrt FFH] LY Fzbo] Hu oo}
R0 Yzt oJFE A Nde2E ¥ AU E A2
T, S 29 A4S WA J1Fo YEE AW WA ARt
do] vl d Yoz BUPTh TPM B AFE S4FIA FolM A A
AAHQY gz AzY Y A ddelE 27 ThE o)z,
M ALS vlE$E 2elste 2ol F 2 AlSUES) e 4, 4EE 2 Al

B vlAe 4 A vl

oy

k=)
L4

—

A24d Az 9 ¥y

1. AR

A wlgALE (Experimental diet)} ¥ d 9 ol(Natural Diet)& F33t821,
AY AR AR doA AAG FAAHA wigty], F AR g3
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Aoz Byl T, AUy, A2uY ¥Y $2 A7hehdn, AL
%2 Wrkskel @udo) 338%, Aol 58%7 HEE s
(Table 41). AF=olE AH 28 4o)%(Undaria) e EF5HA

Aol A8 Ahe AT FHB(H. discus hannai) & AHE3H T, 43
A ZHAl 23 o] B AL 841mn, AFFS 0.05g2 F/NAF+ 6,438vt8] A
o Aol AME A 2= 5% F24H 750cr (3025 H20cm ; 15¢)
g olg3 o, £2Uld shelter(25x30cme] BFH ZAAgIE 148 A
Sk Mg E S HAAIEE 24 & HolZ AMSdxe e A4S v
w7 Yt 2ALEER) X 4AMEER) X 3(WHE)oE HAEHT.

D Aol g AMSEH

AE 7123F 2ol 8 AZle IF Hol R wjdES &A3] AARM F F
A2 A FZFY 10%°14E FE3 FA FE Z
BYHZ 15Cold 7123 e FF AFstAden, 0] 15Tol M=
AQ s et Holg FE3] HAEF UEE Atk 2= AW AD
Aoz vuH oA djPen, F4FL 034 /minolFeZ ZHIATH
AHS 87 ZAe UAg 24, HF A, pH Meter (MODEL-Metrohm 704)
2 DO Meter (MODEL KOK-2F)& AH8-3td &3t

o
>
Ho

2) AHEYE
gAE 2 H2F AT AR USE AFS AT Shelters] BHAS 5
& ey, AASUEE m'Y 14302, 2860712], 42907te] R 5720v)E)
2 AAstY 4 AL UEzte] @2 AR 2 AEE Aol wmIHh
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Table 41. Composition (%) of experimental diets

Ingredients Experimental diet (ED) Natural food (ND)
White fish meal 200

Soybean meal 230

Undaria powder 50

Wheat flour 22.3

Spirulina 05

Embryo meal 5.0

@ -potato starch 7.0 Sea mustard
Yeast 2.0 (Undaria)
Squid liver oil 30

Lecithin 05

Vitamin premix1 25

Mineral Ic)remix2 40

Scedium alginate 50

Enzyme mix> 0.20

Nutrient contents ( dry matter basis)

Crude {?r(.)tem 33.8 20.0
Crude lipid 58 13
Crude a'sh 105 87
Crude fiber 36

'?Refer to Table 1.
*Kemin Industries, Inc., Singapore.

3 47 R AEE A

4% ZAHe AYARANE 300 ANE TANZ st 233, F
Z 723, 333 2 HAEFFL FPsAT A9 FRANE 4 497 3

AE ot A FAE AT F, 4 £2E2 sampled F8t] -85T

B@sdon, 2zte) 2%, 2AZ, Zn, WEH

9 shanzee WY

A AEEL 2YRALE HAL JRA FFE A A HA AASE
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S dd, dPAE F ofA9 Unk A2 AOAC W (1990)0) wat #43}
Hed, 2R (NX6.25)2 Automatic analyzer (Vapodest 5/6, Gerhardt) &
AHE St S8 AL, AW etherE A&l &8P od, 82 105T
o] dry ovenellA 4 A1t &< AR F S £33 2AH A+ Automatic
analyzer (Fibertec, Tecator)& ©]&3t%1, R3] E-L& 550T 9 3|32 0N 4 A
ZrE ¢ AR F AT ALY obr|xAFe o] F(1996)0] AFE-3 Hiye
2 EA3YY. 3= SPSS for Window (SPSS Inc., 1993) program2 2
ANOVA-test® 4 Al8ld Duncan's multiple range test (Duncan, 1955)2 ]

2} Iy fFrde ARsA

A3A A g 3%

1. SUBZ ws

APYZ717FY 2 HY= 160~215C178£1.27C)E A /MAAIQ 3¥o)
Y tm £2AQ 690 7HY ERTHFig. 1) M2 M9l 1.0236~1.0258
(1.0245+0.0005), pH 82~84 % SEAA 47~68mg/ L 2 ¥ A AP 7
& 71 sk

2. xiue| A

MEALE 2 HAEE 242 2ol FFSA ASUEd) wE AN 4Fe
Lokn 7] sl ALS A w1430, 2860, 4290 B 57200ke) & WA she] ALS
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>
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O -1.025
i” ¢ \ 2>
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qé' -11.020 ‘g
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4o O Water temperature )
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= 5L 7~ Specific gravity 1.015
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Fig. 11. Variation of water temperature and salinity during the experimental

period.
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D 243 A%

AP AIZA A HF 24 841mY AHE 15590 AMSE £ 24 A
Ao uigAlE 1430 vl oM 2% 17.19mE 71 A JEbg®, AR
57200t} Pl A 24 11.69m=E 7HE W koh(Fig. 12, Table 42). F A ¥ 79
2+ AR AR 143072l 77} 878mm, AR 57200be] 77} 3.28mE
55meolg o2 Vel o] Atele A3 FUtFe s ¥ o o 268uel] HFH
T golth A AL ATl #ge 43S vins|EH WAL 14307}
T7F 17.19mm, 2860vte] 7} 16.33mm, 42909}a} 77} 15.16mm 2 57209} o}
1452mel 9, AALE 143002l 77} 14.12mm, 2860vhe] #7} 13.45m0, 4290v}&] T
7} 12.93m ¥ 572092} 77} 11.69mm0] ATH(Table 42). F 2t 487 B 0.7mno]
A ARz depgen, wigAls 143002l 9} MALR 143001 o] ARk
e 3.07mE veho o], uigALE 572002 9} AJALS 57200 2] 7o) AdAAtE
2.83mE el .

Ztgol Yzt AAFgos wims| B wFALR 1430vie] Pl 1 e
8362me BHen, AR 5720vie] FolA AP ¥ 3123me RAG. Ho
Z2F] gPre PRI} 58.19~8362mE YAE 31,23~54.38umol] B
453 =4 vebgtth AASU oA E wFgALR 14309k 771 83.62mE vl
Abg 572008} 58.19mell vis) EA velston], AALE 1430}2] T 54.38um
2 AALE 57200 2} 31.23mell Msh ¥ Aol A¥ F8A g9 A
Fe AR ARFEG gon, ASYEr RE4E & AYS
B tHP<0.05).

ETRCY

|24

o

2) 2459 4%
A8 ANZA BF A 608mol M AY 2EAQ AL 1552 F 2HE o) A
& AR 14300he) ol 1236mE 7bE B YT BALE 5720%)2)
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Fig. 12. Initial and final average shell length of abalone fed experimental
diet (ED) and natural food (NF) dependent on the different densities.
Values (mean of three repelicate groups) with different letter are

significantly different (P<0.05).
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Table 42. Growth performance of abalone fed different diets for 15 weeks'

Shell length

Shell width

Shell height

Body wt.(g)/

Diet no {mm) {(mm) {mm) shell length{cm)
ED-1430 17.19+0.55" 12.36£0.425° 3.89£0.078° 0.382+0.029°
ED-2860 16.33%0.46' 11.86+0.276° 3.83+0.065° 0.350*+0.019°
ED-4290 15.16£0.33° 11.01+0.183° 3.64+0.035 0.308+0.003°
ED-5720  1452%+011%  1045£8544°  339+0046°  0.269+0.005°
NF-1430 14122042  10.09+0.301° 3.25£0.070° 0.255+0.012%
NF-2860  13.45+0.81™ 9861072  313+0172*  0.232+0.027™
NF-4290  12.93+034° 921+0.214° 302£0.042°  0219%0011°
NF-5720 11.69+0.31° 8.34+0.199° 2.79+0.045° 0.162+0.011°

Table 42. Continued

Diet 1o Initial Final Survival Weight gain  Soft body  Soft body wt(g)/

wt.(g) wt.(g) rate (%) (%)° wt.(g) whole body wt.(g)
ED-1430 0.15*0011 0.66+0062° 82+40° 3499%29.11' 0409:£0.042°  0.619%0.0098"
ED-2860 0.13%0.004 057£0029° 78+55% 3442+3499" 0.349+0015°  0.608+0.0144"
ED-4290 01310005 047+0.007° 6620 2580+1049° 0.289+0.005°  0.614+0.0171
ED-5720 0.13+0006 038+0010° 59+44™ 1959*1957° 0233+£0.005° 0.598+0.0211
NF-1430 0.14*0011 0360023 70+4.4™ 16511685 0219+£0.015¢  0.602+0.0061%
NF-2860 0.10+0004 0.32+0.052" 6774 2127+4509° 0.183+0.035™  0.584+0.0095™
NF-4290 0.12+0.009 020+0021" 62+46™ 1418%1576" 0.160+0010°  0.565+0.0126™
NF-5720 0120010 0.19*0018 56*71" 587+ 421° 0103+0005° 0545+0.0199°

'Walues (mean*s.d. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).
%(final weight - initial weight) x 100/initial weight.

Toll A 834mnzE 7} Wotth(Fig. 13, Table 42). A AP FolA Z4Z o] A2
i gALE 14307k 7F 12.36mm, 2860927t 11.86mm, 4290vF2]+7F 11.01mm,
572092l 7} 10.45mmol ™ AALE 14309h2] -7} 10.090m, 286072l 7t 9.86mn,
42900kl 71 9.21mm, 572002l -7} 834mm=E wi FA}E 1430, 2860, 4290v}e]+
o} WAL 2860, 4290, 572002 & SR ztolE JER ATHP<0.05).
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Fig. 13. Initial and final average shell width of abalone fed experimental diet
(ED) and natural food (NF) dependent on the different densities.
Values (mean of three repelicate groups) with different letter are

significantly different (P<0.05).
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flo

ZbZ o] UAzF AAFo =z nlwsl 2A wigrrs 1430vt2)FAAAM Mg =
50.80ume BPom AALE 5720me] Pl A AP e 2152me BP9
270 mEME WFAIE Tt 4161 ~59.80mE AWALE 21.52~38.19umel )3}
@A A Jehgth ALS 2ol ME wigALE 143008l 7 59.80um= i
AYE 57200ke]F 41.62mell Bl EA et ew, MALE 14307l 38.19um
Z AR 57200h8) 7 21.52mell Blsl ¥-& 7ol JATHP<0.05).

(o]

—_—

3) Ztue) 3%

A% AR BE 2D 207mel N 48 TEAQ ALY 157U F 2w 4
4o WEALE 14300h2) Fol M 380mE 71 BA UET, AAE 5720012
Foll A 279mE 71 $uch(Fig. 14, Table 42). zZt112] 4zt AAFo 2 wlw
& 2 uiFALE 14300k 7ol 71 B 17.33mE Ry, AR 5720
STl AR e 68mE At HolEFel wEME WA T
1257~17.33umE AArE 6.86~11.24/moll vIa] vl 3 $A el AlSEx
ol M= AR 14309t8) +7F 17.33m=E AR 57200k8] F+ 12.57umol] vls|
=4 Jelgrom, AALE 14300t T 11.24umE ABALE 57209} 2] 7+ 6.86umoll Bl
5 se ATl A YT ARAE SYAAA 43 207l 2PE
SAl A A2 572008 £7F 2.79mm, Wi RHARE 1430ctE] 71 3.89mmE UEMSES
o 7tze) QA3 4 223 2ol WPAR T AR TR ERo, A

SEx7t REFE 52 AFS ELATHP<0.05).

AE AZA] A H e BFL HF 0.05gM A 155U F AL wigAlg
1430u} g} ol A 0.66g2 2 7H8 A Yelwts, AALE 572092 ol A 0.19g2
Z 7} 22tk (Fig. 15, Table 42). 7 AP 79 A= widALE 143072+
7} 066g 22 AALRE 57200e] 7 0.19gR ot o 3589 A& Vel A
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Fig. 14. Initial and final average shell height of abalone fed experimental

diet (ED) and natural food (NF) dependent on the different densities.

Values (mean of three repelicate groups) with different letter are

significantly different (P<0.05).
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Fig. 15. Initial and final average body weight of abalone fed experimental

diet (ED) and natural food (NF) dependent on the different densities.

Values (mean of three repelicate groups) with different letter are

significantly different (P<0.05).
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AP TN g A wl@ALE 1430712771 0.66g, 28607He] 7} 0.57g,
42907} 2] 77} 0.47g, 5720v}2) 7} 0.38golm, AALE 1430%}2] #7} 0.36g, 2860
ol2] 77} 0.32g, 42909}8] 77} 0.29g, 5720mte) 77} 0.19gol Q). 2ol ZFo
& HFo AFL WA 77 AR vE & FAFoid, AHS Y=}
REFE & AEE HAKP<0.05). 23y wigAlE Hxu Y= 57200
7o AALE HAYEQ 14300t 7+ vlwstd A7 AAHP>0.05). A
9o 4t 4RFo 2 vims BE wiPALE 143072l FolM 1Y ¥ 58Img
olAom, AALE 5720mte] FolA 7HE e 1.33mgol Uk Hol FHF ol webA
© FALE 77} 3.14~581mg e 2 AYALE 1.33~295mgol vls) wimA EA
Bt th AL Azo M ulgALE 1430012 77} 581mg 2 vl @ALR 57200} ] ¢
3.14mgol W& E=A Jelgteny, WAL 14300t F 2.95mgl 2 ABALE 57209}
27 1.33mgell ®ls] ¥& AFo|dt. FTHEEA vimdd wiPALE 1430,
2860, 42907te] 77 ¥ A Ve, AYALE 1430, 4290, 5720wk b @i
WA ETE 7t S-S FA L] ¥ Ao, AAE = 2860712
T7F 74 & RHH(P<0.05).

5 7HAR FFo 4%

AE AZA Ao ZpAR FFE BT 003 olUX, A FERAY ALS
15FY ¥ A2 w&ALE 1430 vle] oM 041ge 2 7H =4 Jebgta, A
AbR 57200t} ol A 010g2 2 7HF 1ttt H AP FoA AL widAls
14307}8] 77} 0.41g, 2860vt2]+7} 0.35g, 4290v}2]+7} 0.29g, 57207t} F+7}
0.23g°19, AALR 14307277} 0.22g, 2860v}2] 77} 0.18g, 4290w2] 77} 0.16g,
57207} 2] 77} 0.10go] A TH Table 42). 7k %9 43e wigAtg ok AR 7
T ARSI REFE 52 AES BATHP<0.09).

rlo
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3. x|uje| WE=

A o] AEES WAL 14307 FolA 7HE &2 82%E RBHon, QAL
8 57207 ] el MY R 56%F HERH AT (Fig. 16, Table 42). o] Fqll
Tt e W FALR T 59~82% 2 AALE 56~70% BT ¥4 YEeElhgon, Al
ST et wigALE 1430012 F71 82%, wi AR 28607te) 7} 78%,
i ALE 42907ke] 77t 66% 2wl FALE 57207 el Ut S9% 2 JERY AE S
o] 7} && wIFALE 1430¢t2] T 82% 9 AE &0l 7t B wigAE 5720
vhe] 7 59% B ohe 23% 7 A JdEtw e, AR 143072 7 70%, WALE
2860718 17t 67%, AWALE 429078 77} 62% B AALE 572008 F}y 56% 2
Uely AEgo] 7} & AR 143002 7 70% 9 EEo) Y Be A
ALE 5720mFE] T S6% B THE 24%7F w4 JEGT XH Y H4E FEA AS
&2 AASEET REFE & AEES VERATHPL0.05).

4. 7tMF 42 s

A F82A FELS AR 143008 FolA 796% =2 7HE=A UEoH,
i FALE 5720k ol A 7 2 A UYElstH(Table 43). ol B2 & wi@ALs
F 761~781%, MALE 788~790% 2 ARt Wil T HET wnd &
A debgon, AR e F93Q tole YEty A JktHP>0.05). &
WA AWALE 14307 ] ol M 148% 2 71 E=A delgton uwigtAlg 1430
ohe] 2 28609tE] Fol A 126% 2 7HE RAl UEtstth Held 2 = wijtAlE
F 126~13.0%, BAIE 139~148% 2 HAIET7F Wi@AETRT T4 EA
el KA AT 16~1.7%2 AR 1.3~1.4%° B3] %
Ago] don, 3r9 B¢ wPAE FolM 33~39%2 WAL 26~2.8%°l
HlE) w& APl Yoy {3 zole BAY £ YATHP>0.05).
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Fig. 16. Initial and final survival rate of abalone fed experimental diet (ED)
and natural food (NF) dependent on the different densities. Values
(mean of three repelicate groups) with different letter are signif-

icantly different (P<0.05).
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Table 43 Chemical compositions (%) of the soft whole body’

Diet no Moisture Protein Lipid Ash
Initial
Final
ED-1430 779%0.34% 12.6+0.18° 1.7£0.13° 3.3+0.26™
ED-2860 78.1+0.09% 12.6 £0.50° 1.6+0.08 3.3%0.26"
ED-4290 7631214 13.0+1.13%® 1.6+£0.07™ 39+052¢
ED-5720 76.1+0.68° 12.9+0.39°® 1.7£0.14° 39+061°
NF-1430 79.0* 1.64% 14.8+0.54° 1.3+0.23" 2.7+0.18°
NF-2860 78.9+0.81° 139+1.11" 1.3+0.07° 26+0.11°
NF-4290 78.9+0.63" 146+0.46° 1.4+0.13® 2.8+0.23"
NF-5720 78.8+0.25 14.5+050° 1.3+0.14° 2.8+0.05™

Walues (meanz*s.d. of three replications) in the same column not sharing a com-

mon superscript are significantly different (P<0.05).

BB ALgA 4R 2 A

Aok 284 ol TR A, Y £ F
& 225T ol =Y F7438) %olAthe Uki et al(1981) 23S ¥2

gol PlAE FPol s HE99)S FH)
A, A9, 52, 54, A8 3 2 ARUES] 99 29902 A§d
Ag AAE 23

W 2 AP AFFELe 160~215TE vHlaz AFd £2& FA}AGT
Hztgch B APolM ALSE ALRS) Fe YoM AAS AlRE AY AlEE
Adstgoh A o] BHME AE1993)S ABE ALS FRoM A4
EAFE gotste Aol v Fad 2oz Az Adn sAG F @
AE ASBU Qo) BB AR WEE wj$ F8% Ao Az,
HY AASUEE Yohle o] WRIHTT AN AL Ed B AFE
€ it - #1(1988)2 Fehd FHAGHBINAN A4 14me) =7t Re+F 43l
Beohe Brh o 231 &6 %(1994)2 2+ 20me) A e {dFEolA
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AR Al 1M 1,000~2,0000k2] AHS AEA AFe A7t ARAADE, 40me} 50
me Xde FEUE7t FE4E Aol B Hudch £ AFolAe
A R 143078l 77 HE 43 17.19m2 /M =24 Jdehd ASUET @
S5 Aol wsith. a2y widAlR 2860vtel et 4G AF e BF &
ate YATHP>0.05). ol AR LEZL &S AL waxg g9 A
F AAAES vusRA 1mF wFALE 2860vtE] 7t HAdvn ARG,
r Ao o] B %1994 HFLF 1454mE AHES] YzHdP ol
48.19mmol el EAge| A7} wiFALE 1430ute] 77} 8362m= vlF EA
Uehgon, ol &9 AL 77t A&FE wade F FARBDH i
%(1983)9) Axe} viFAIEE T AFAE Rolth AF o A Z5 i
Al HuEE 57200 ] 7 AR HAAYEQ 14300t FE vlustd
A7 AATHP>0.05). 28y o] Axe FI3 Ix9 AS @AJ Aol &
E & o, wigals e B¢ Do) g 43 JA dAdolatn AZE
o} ZA)golA 22ty AFFE vlngt A3 wiFALE 1430, 2860, 4290%t2]++
7 B3, BALE 4290, 57207 2] 7ot WA JdEhY MiRALR AMSA] TR EANS
Q1 5720v}e] T ol Mol vk Az, WAIE T B HH AF
& Yl E 429071H8] ©1d9 nEX AMRS Hte o] vy sitn A%
" HP<0.05).

Ao WEG A 8 %H(19949)9] AgoAME P A% 3965mE AHK
3 A3} 90.1~939%°1UeH, ¥ AddMe 4R H 841mE A5S A
56~82%2 vlmA e ol a2y APl AHEF A9 7|7t A
2 2o, 2YE AT 02 Hopzit a8n AYe AHEE AMg S EE
A% B59 g2 750cr(30X 25X H20cm ; 152)02 P43 A& FZ2
1m FAPstEe iy 4 F2E AHES AHRT BS AEE]

BN
P4Y RO Mol olAdlAN HE ulg o], WAAR FFH ASYUE

X
far
T
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g m'g 2860vtE] ol&tE AMSE A¢ Aty 57200k} Rk 74 A4 2.5
P AEE 7B%CIFLE HolFHF B ARSEEC w2 4B R AEE A
£ Qo) Ay Busn, g WAtae) AHA T A 2 2
710 we} GAEE A ARUEE s, Ay 58 Mdsie A+
7} A& olojAol & Aokt
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Ml 11 & X2t JI250M HiEAIR 2
HMAYHO| BFAl HAE shelter

AEL 278 52 3] 7|a4Foz HFgHo AT HIZde 20
BA FEY B mE AU Wil LuFe) e tgsle) g ng 4t
2o e 871 22 Friste 9, AG Ad Fgoz 44e 23y Pa
H3 o] oo g o] g FHI Utk o] HEL 1970 dhol] Soi9}
A g - 1F(1974 a, b)ol o3 AAF gl o mojo] AAH A&
7zt dzAbe] og A@REvIel FYPHEZA AFFTEY dFAA 0|
VoA, 2 vt A vhd FHU vty JAFFHEE LS A%t
WF, Fok AFFH v T2 FHA g3 ASHT At
a2y, 1~2em A=Y 2FAHE 2HE AL BFS A

A4 A HEHoly HH Y= e A& o2 Astd HFAEAI 2A
Astdoh sATHFH, 1971). B 229 AP GFETg= T3
30 % HPAH@en o)) LFH, AEZF A I AH WF,
o4 RF Al A FAGY T Alxste o] g Asivt 3tATHI
1, 1974; 3B %, 1978, # Lk, 1976). 12y} o] 3 =314 x| F g2 o 23
AASE A FAFY A, BTl o A, ALl oS 3, o
A8, AFF 3| %ﬁq FRAEC o3 73 % Sdof thg o] 3 &)
7l gl AR A FAHE Aoz B T F AT KAFER2A G4l
Hak F7rstn e FAHH

ABALEO e ATE AEFY FH 42 2o ARGEN, 1962 Fit F,

Lo
2L
8!

[e] =2
+ UF
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1967, F, 1981), ool R AFZR{GF - b, 1979), SAAE(F - #), 1984)
2 WPAB(EE - G, 1992) S0l BE HolETE ZAMG 1 Yo} o]
A7E ol AIFPLA)IT Bal7] A F2 APAUlA B2 B¢ A
Ag BEH ARso|At

29l SolNE ARYA FEs fEstHEA FE ol Watd U A
Z FAdols FRHQ 8, BF, A2, &4 5o g LA BT
ool BAEE $25] AsHE QTR A ol o) WYY
, dE AFWEAEE 7129 wgoly gl 2o] HZF Holzk hAlm
e 78 BAHY 97 AHG o] Fus} oly:, A L Lt e =
Sejo] Wasty, Prindol AL, R} BAY} Bol Yt AFol golsh
A 2@ A S A2 A2 A Ade) Holz AR NYAE £
3 e alolt}.

e, olE e AR ABMUALE AL R o) g B Aol F2 A9
GopsrHel RN F2 PHS B, 58H MPARY HARES
AG AHSTZE(Shelter)ol] g 787 A9 e dFoth

Held 2 dPoAE FUE AHE YOS ASFLUIRSF, AdS), o
o](ui AR, v Y)ol w}E Shelter Held xs)o] A& HEE, Shelter 35
P APHRE S vm PHHAG AR £4E HassEs, 43
EEAE Z/AA AR 4BE 20F 4+ Y AF ShelterS L7 A
1288 duA Yo}

A24d AME g 9y

1. AEAR

Aol AHET Hole 4P & uiFALE (Experimental diet)9} A9 F (Undaria)

_158_



2 IS, MAAEE ol PN ATY U EFs AxH
RATHTable 44). A0 A& FANE HANN A 7S g 27]2
wate AT

2. Shelter ¥ A7

Aol AH&3F Sheltere Fig. 17914 B= ule} o] 4 FF(Shelter 1,
Shelter 2, Shelter 3, Shelter 4)& ©] &3t A 7]1= Shelter 10] 7}2, A=,
Fol7F 24xX40X7cm, Shelter 27} 24x40X%6cm, Shelter 3°] 26X40 % 3cm,
Shelter 47} 15x25X6cmAth. 28]3 Sheltere 2zt A} F2EE 1704 $838)
o FAch

Zt AbF 4 Z£(45%X70%30cm)= Shelter FEf*E 1, 2, 3, 4(47), HolZFEui g
AR (ED), w19 (UP) 27], AbS4-&E {29+ (Ambient), 724 (Heated) 2],
HEFQME F 32TE ZASA P A Fig. 18).

s]

3. &y d= R At

A9 A 19969 690l A £RAA BN FF 24 Lien(HF A
Z 014g)Q FA%e A8sed 309 2 AY5Z(Fig. 18)) 1009124 <9
#8315 £ ARG HolBRL A ASEZE L F A2E AN
Yolg 29 18 TFAAG BIFRL AGFEU T4 BFo| PolAL HE
2 3EFL TIAAG AL BANE AWAEE Y A=A 2000}, U
24 7 £zolA S0nle)H oz FE3e YR BMEoZ WERY
(-70C)3l Yot

e

4. ZAES

A5 o] Shelter #&&2 4F HA2 2 Shelterdl] 23 AW E Al &
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Table 44. Composition (%) of the experimental diets

Ingredients Experimental diets Natural food
White fish meal 20.0 Sea mustard
Soybean meal 23.0 (Undaria)
Undaria powder 50

Wheat flour 22.3

Spirulina 05

Embryo meal 50

a —potato starch 7.0

Yeast 20

Squid liver oil 3.0

Lecithin 05

Vitamin premix’ 25

Mineral premix® 40

Sodium alginate 5.0

Enzyme mix> 0.20
Nutrient cz)r-itents (%6) in dry matter

Crude protein 338 20.0
Crude lipid 58 1.3
Crude ash 10.5 38.7
Crude fiber 3.6

"“Refer to Table 1.

“Highly unsaturated fatty acids (C=>20).

At AP == A8 MAAY FEA 4%, 43, 4E,
st en, Aol 0.05mm7tA ¥ 4 U= Vernier caliperZ,

A F de AR AL o3l SAHAL o} YE MAFE ZAEY
ok A3 FE F(1981 S} it %(1967)9 Wol & FaPa, QTALY
gttt 8AzAe Wld A 104 L,
Salinity, pH, §&44 58 RAMSIAO.

2 W %F(1988)9
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Fig. 17. Shelter types used in the experiment.
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Fig. 18. The diagram of tanks of experiment.
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HER2N U SAHX2)

o

DA A, APALE E oA IR ELS AOAC ¥H(1990)9 =he} £43}
Qed, ZEHA(NX6.25)-L Automatic analyzer (Vapodest 5/6, Gerhardt)E
AHEBl BT, 2AW-E etherg A8ty FE3PoH, £ 105T
9] dry ovenolA 4 A1t §< AR F FAIFAG. EF 24 HF+ Automatic
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Fig. 19. The changes of water temperature daily measured at rearing tanks

from February 10, 1997 to June 10, 1997
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Fig. 20. The changes of dissolved oxygen daily measured at rearing tanks

from February 10, 1997 to June 10, 1997.
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Fig. 21. Monthly changes of attachment rate at heated water during the

experiment (ED: Experimental diet; UP: Undaria pinnatifida).
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Fig. 22. Monthly changes of attachment rate at ambinet water during the

experiment (ED: Experimental diet; UP: Undaria pinnatifida).
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Fig. 23. The changes of shell length of juvenile abalones at the experiment
completion (ED: Experimental diet; UP: Undaria pinnatifida).

- 170 -



19.8mm Yol vl AP ez Jgo] LAHIoY, 7HEAME Plg FAF
o] 2+ AL AAFALE MFAIE FAFERG 233 Ao 1~2m H&
AL BYY o)Yd AR AF3M ANE ASTE @ Argrods
s gAtE e B0l ¥& Ao BIEHATH JHALE A@T A9 BFE 7
A& 20.7mm<l W, 2GS AFSAIET A HE 4L 188mmE B
T 2mm AE 7FALS AP PN ¥ gg B A3 Agate HolF
Foll wat 23mm, AHSFLo) @t 2mm 18]3 shelter¥ o] whel 0.3~
1.lmme] & Bt

2) 2Ee) 4%

ARSAIE JRAIA] Xl HE ZEL 73206molAL, AASAIE FEAIY
A& 1559 ¥ Shelter FEi8 4% 9] Wste Fig. 243 2t} &) Hof 4
42 Shelter 19] 7}&4, Mg g FAFAA B 164E23mE 7Hd 3%
, A& AFE Shelter 39 7k, v1d Fo9FAM B 1261 7mz 73
gttt o]59] AAate dm FEE AFSAE AWAASY HE Z4F 73me] oF
60%°l sNFE = gtolch Shelter Feld Zpzte] ZHZA4AL shelter 1014
14.4mm, shelter 27} 14.2mm, shelter 3©] 13.8mm 2|3 shelter 47} 13.7mm
2 Jegon, AAol 71 ¥L shelter 19 144mme AdFo] 717 e
shelter 49] 13.7mm$}t Hlnd] H@F 0.7mm A= AAAE HIgd F, zZ}
shelter Feld Xsje] ztF AAAE 02~07mmEZE - L& xolE BT
ZHE o) 8 AGAE Shelter®] Fell, M), A2 7= 27 T3 Holgf F
, A EE 5o A aQld &7 Aoz BIEEHJYH
Ho|FFol e ZtE o AL wigAtart vigdig Aoz A e
woh od Fo 72 FolME Shelter 3914 AY ¥ S RYed ol
A AL ARFANA A R ol 7Tl BigAE 5977 vl Y
FoAFR FF ZFo] 25m ol HeH, AAdFFAME Hd AFo] lm

k)

4

- 171 -



Heated

— N
(o)) o
T

e
N
¥

Shell width {(mm)

33
P 25
8 SRR
2T S2RSPANN
RUNE 3
R SR
RRRE SRR
A ey
N SR
ISR S
AN PRI
ShaE NN
4 r §3§§:} WG
SRS S
R N
RN s
RREY Y 2 X

o

Initial Shelter 1 Shelter 2 Shelter 3 Shelter 4
Shelter Type

OeD

Ambient
20

a——
E 16
S
révere
c 12 F PN
et £HEE
o Rl
NEreain
W
o RS
z 8¢t o
W
R
—— KBS
pred RS
[} gx\sz\.’
s 4 r BN
Ana
(dp] RN
AW
A
Ry
0 i 3 TN s

Shelter 1 Shelter 2 Sheiter 3 Shelter 4
Shelter Type

Fig. 24. The changes of shell width of juvenile abalones at the experiment

completion (ED: Experimental diet; UP: Undaria pinnatifida).
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Fig. 25. The changes of shell height of juvenile abalones at the experiment

- completion (ED: Experimental diet, UP: Undaria pinnatifida).
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Fig. 26. The changes of body weight of juvenile abalones at the experiment

completion (ED: Experimental diet; UP: Undaria pinnatifida).
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Table 45. Growth performance of abalone fed different diets for 15 weeks'

Exb. 10 Initial wt. Final wt. Survival rate Weight gain
p- ) (2) (%) (%)?

1(SI+H+ED)"  014+0008" 1.06+0919" 92502121 631.40+60.669°
2AS2+H+ED)"  0.14+0.004° 1.10%0212° 8350+4.949°™ 65545+ 16.899°
3(S3+H+ED)"  0.14%£0.000° 1.08%0.127° 9550+4.949%  638.90+89.944°
4(S4+H+ED)"  0.14+0.002° 1.05+0212° 9050%+2.121%%* 621.30+14.142°
5(S1+H+NP)* 0.14+0.001° 0.83£0565° 98.00+0.000°  467.10*+34.931¢
6(S2+H+NP)*  0.14£0.003° 07510353  80.00+2.727%% 414.45+ 25809
7(S3+H+NP)*  0.14£0.000° 060+0.636™ 87.50+2.121™%* 315.00+40.587*
8(S4+H+NP)"  0.14+0.000° 06010212 84.00+0.000° 313.60+14.707%°
9(S1+A+ED)"  0.1410.002° 0.78+0.000° 97.50+2121°  43490+1.414°
10(S2+A+ED)"  0.14+0.002° 0.74+0.127° 97.00%1.414°  408.95*86.196™
11(S3+A+ED)"  0.1410.000° 0.7710424°  90.00+4.242%% 427.00+ 28.425
12(S4+A+ED)"  0.14+0001*° 0.71+0.141™ 88.00+4.242% 387.20+13.010°¢
13(S1+A+NP)"  0.14£0001° 058+0.000° 85.00*1.414%¢ 29850+ 1.838°
14(S2+A+NP)*  0.14£0.001* 059+0070" 81.00+5656™  309.70+6.222%°
15(S3+A+NP)"  0.14+0.002* 058+0777° 7450%+0.707°  301.55+50.55°
16(S4+A+NP)"  0.14+0.001° 06110565 81.00£2.828°°  317.95+39.66™

Walues (mean*s.d. of two replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).
%(final weight - initial weight) X 100/initial weight.

'S: Shelter; H: Heated; A: Ambient; ED: Experimental diet; UP: Undaria pinnatifida.
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Table 46. Growth of Haliotis discus hannai in their shell length at the experiment completion
(ED : Experimental diet; UP : Undaria pinnatifida)

- 6L1 -

No. of Initial Final inggl;int Feed type Shelter type
TP pate  Number She(“ 0gth  Date  Number SPe! leneth She‘é ength gp, UP 1234
mm min pm

1 PR 0 a0 j0ares MASO e25+21 234229 1108 ED 1
2 p p p y 835t49 223%49 101.7 ED 2

3 ) y P v 955+49 215%44 9%5.0 ED 3

4 p p B v 905%21 22237 1008 ED 4

5 p , ] / 980%12 193%36 767 UP 1

6 P p ] r 890+27 201+43 833 UP 2

7 ] " ] » 875%21 177+23 633 UP 3

8 , y v r 840+11 184+35 69.2 UP 4

9 ] , y r G75%21  200+32 825 ED 1

10 ) , ; » 970+14 195%33 783 ED 2

11 v , , » o 900+42  193£32 76.7 ED 3

12 y v p v 880%42 18726 717 ED 4

13 v v y » 850%14 185%25 70.0 UP 1

14 ] ] p v 8l0%56 183%27 68.3 UP 2

15 , ] ] v 74507 18325 68.3 UP 3

16 v v ! v 810+28 181+24 66.7 UP 4
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Table 47. Growth of Haliotis discus hannai in their shell width at the experiment completion

(ED : Experimental diet; UP . Undaria pinnatifida)

" Daily
No. of Initial Final increment Feed type Shelter type
group Date  Number Shell width Date Number Shell width Shell width ED, UP 1234
{(mm) {mm) {gm) :
1 Fﬁ%@%& 100 73%06 J“{é'g%o' 92521 164+23 758 ED 1
2 u " u " 835%49 15734 700 ED 2
3 ” " u " 955%498 159%3.1 717 ED 3
4 u " " " 905%21 158+25 708 ED 4
5 " " " " 98.0*+1.2 13925 55.0 UP 1
6 " " " " 83.0x27 14.4£3.1 59.1 UP 2
7 " " " n 875%2.1 12617 442 UP 3
8 " " " " 840*+11 131%22 483 UP 4
g u " a # 975x21 142+24 575 ED 1
10 " # # # 970x14 139%£24 550 ED 2
11 u u u " 90.0x42 138£25 54.2 ED 3
12 " " " " 88.0x4.2 132x1.7 492 ED 4
13 " " " " 8.0*x14 130%16 475 UP 1
14 " " " i 81.0x56 128+1.7 458 UP 2
15 " " " i 74507 129%+17 467 UP 3
16 i u " # 81.0x28 128%+17 458 UpP 4
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7t & o] A3t AR FAE YolFF wet 14m, AHSF2ol mhet 11.4m, 218
3 Shelter Bejdll @} 15~55me] 25 Rk

3) Zae] Ut AR

Zt30] Y3t AL 7 vidALE § 7 Shelter 194 7+ -2 19.2m&
Bgon 714 0]y FoF Shelter 3o A Al ¥& 83ume YE K Table
48). Shelter Fejol] W& z} AL A F 7 A3t 3L Shelter 17} 201 A 11.3~
192mE & AA%L ¥2 ¥k Shelter 33} 47} 83~158mZ 3~4m IS
e 43ee BAT Shelter Behd 242ke) U ARFL Shelter 1 138m,
Shelter 2 13.2um, Shelter 3 12.1ym 28] 1 Shelter 4 12.7ym2 e}ttt FA o)
7Vd ¥ Shelter 19] 13.8m3 473 7o] 7+ %2 Shelter 39] 12.1mot ¥l s)
B HE 1.7mAE AZFY 2015 B &, 2+ Shelter Feld x|5je] 2t
QA alole 06~17mZ wf$ FHe o] HYTH

Ho)|ZFol @E i) At FFL AR FH977H126~19.2mE v
T 79 83~146m FHRY 4~5mAE L &S BAS F, WiFAE 0]
T AA 9 HF A AR F LS 15.2m 9, v FAT A YF AN ZYF
2 106mz BT 46mAE WFALE FATFAAM Ao wA Jehyg)
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Table 48. Growth of Haliotis discus hannai in their shell height at the experiment completion
(ED : Experimental diet; UP : Undaria pinnatifida)

No. of Initial . Final : Daily incrgment Feed type Shelter type
group  Date Number She(linkrf)xght Date  Number She(lin?:)lght Sheliﬂ:)aght ED, UP 1234

1 FB 0 w0 28r0a M0 gastan sios 19.2 ED 1

2 " " " " 83549 48*09 16.7 ED 2

3 " " " " 955+49 47£09 15.8 ED 3

4 " " " " 90521 48=%08 16.7 ED 4

5 v " " " 98.0x12 41%06 11.3 UP 1

6 " " " " 89.0£27 42%06 11.6 UP 2

7 " " " " 875%x21 38%*05 8.3 UP 3

8 " " " " 840x11 41x05 11.3 UP 4

9 " " " " 975x21 44x06 13.3 ED 1

10 " " " " 970x14 44x07 13.3 ED 2

11 " " " " 90.0x42 45x06 14.2 ED 3

12 " " " " 8.0x42 42*05 12.6 ED 4

13 " " " " 8.0x14 41%05 11.3 UP 1

14 " " " " 81.0£56 4106 11.3 UP 2

15 " " " " 745207 40x06 10.0 UP 3

16 " " " " 81.0x28 40=x06 10.0 UP 4




AR FLol WE 2ol YT ABBE SHe4 L AT} 83~19.2m H
oo, AL ASTIE 100~142me] HAUS. 4A|, stess dd7 A
Ao} BFE A HFBE 139w WA AL ASAYT HA) BE Y

DRRFS 120m2 BE 19mAE 7FLAS APTNN 4Py B Ho

Zt3o] AR TAE Ho|EFo| wat 46m, A5 Lo ot} 1.9um 28
I Shelter Eefjo] W&} 06~1.7me xS B P

H HAF) A4

ofy

AEFe] A48 %S 7hea widALE FolF Shelter 1904 718 £ 127mg
< Bglon, 7124 vl FolF Shelter 3914 AY FL 46mge JeERYATH
(Table 49). Shelter Fejol] ME 7} A ALTFE 7B A FE Shelter 13} 2
ANX 50~12TmgE ¥ AFFE HQ ®H Shelter 3%} 45 46~75mgE
Shelter 13 2¢ Bl 4~52mg Ax R AFZF S BYt) Shelter ey z+z}
o] A7t AL Shelter 1 80mg, Shelter 2 78mg, Shelter 3 67mg 21&] 1
Shelter 4 68mg2 YERTE 3o 714 ¥2 Shelter 18] 80mg@ 7o)
74 @& Shelter 39] 67mg} vls) BE B 13mgAE AR zlo)& B
K. &, Z+ Shelter Zeid X9 M5 YA F Aole 1~13mgE of ¢ =
& zolg B

Ho|FHol & HAF Y AAZFL WFAE FolT7t 60~127TmgE v
Fol79] 46~74ng W HT} 14~53mg AL ¥ 2 BH0  wiFAls &
ol A W YAAFFL 9Img] ¥HA, v FolF HA HF It A
FS 55mgE HT 36mg AT wIFALE FolFelA AAgo] A Vet

Al T e AT NP FL 7252 AT 46~12Tmg B AL
, AAFE ALST7 48~T5mg ] HANUT AA|, 72AS AE T A Ha

U3t B FL Bomgd WA AQFL AASAYT HAY HF A% AFFL 60
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Table 49. Growth of Haliotis discus hannai in their body weight at the experiment completion
(ED : Experimental diet; UP : Undaria pinnatifida)

No. of Initial . Final . Daily incre.ment Feed type Shelter type
group  Date Number Body(gvs)lelght Date  Number Body(g“;enght Body( m\gf)elght ED, UP 12314
1 PR IO 00 o14ro0s U0 92501 166060 127 ED 1
2 " " " " 835%£49 150%1.01 113 ED 2
3 " " " " 95.5*49 1.38%+0.77 103 ED 3
4 " " " " 90.5x21 142066 107 ED 4
5 " " " " 98.012 092048 65 UP 1
6 " " " " 89.0x2.7 1.03%x0.63 74 UP 2
7 " " " " 87521 069%0.31 46 ) 3
8 " " " " 84.0x1.1 081041 56 UP 4
9 " " " " 97521 104059 75 ED 1
10 " " " " 97014 1.02+0.49 73 ED 2
11 " " " " 90.0+4.2 0.98%0.46 70 ED 3
12 " " ” " 88.0x42 087x0.35 60 ED 4
13 " " " " 8.0*x14 0.78%£0.31 53 UP 1
14 " " " " 81.0£56 0.74%0.35 50 UP 2
15 " " " " 745207 0.73x0.25 49 UP 3
16 " " " " 81028 0.72%+0.29 48 UP 4




mgZ T 26mgASE 7FARS AT APl ¥ A=z JEEG
Aol A A= HolFFol wel 36mg, AFSS20] o} 26mg 18]
i Shelter deio] w2} 2~12mge] AE Bt

5. xjuje] YEE

Aoe] HEELE ASFLE 7EF LT AIFLTE HolE wid e}
ujgo 2 ro] FF3HA Shelter Fed Ao HEE AT AHSA
g £8A & 4878 WEEE Table 459 Fig. 273 o}

23] BEEL s vld FAF Shelter 1914 718 & B%E HIAL
o, QA4 v]g T Shelter 3014 A Y F& 745%E HERH AT} Shelter
Hejo] g ZF AMSAETY S8 L Shelter 1 93.3%, Shelter 2 87.6%,
Shelter 3 86.9% 18] Shelter 4 859%= el A& &0 71 ¥
Shelter 19} 93.3%< M &&°] 714 ¥ Shelter 49] 859% K}t BT 74% &
T &g ¥A Jelddth &, Shelterd] Fefd Aafjo] AE§ Aole 57~
74% WAZ dEiEo

o] FHo e XFo] HEEL WiAE S AA HIF 91.8%, T
AFo 77t 8% 2 AR vdET HF 68% 2 AEEE B A
S5 B Ao YEEL M2l B 90.1%, AATFARS Tl A
86.8%% 7AiM TFolM HE 32%AE & AESE BAY

A3 9) WEELS Shelter Fejol whe} 57~7.4%, HolFF =} 6.8% 18]
I ASELd meE 32%9 AEEE B

6. Xlz{o| AZIAYE

Xsje] YTAIGEL AT E 7IF TG AAF TR Yol E AL
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89 vge 2 Yol FF3HA Shelter el x|sfo] YIAIGE L A s}
Vet AFFAIR FEA ZF AR Al E A E S Table 503 2t} X3
o] APAILEL 7}24 vld FoF Shelter 1914 718 22 168x1078 »
oo, A4 vlg FoF Shelter 3olM 71 £& 2456x 10 Yer Ao,
Shelter Feljoll @& Z ALSAIE 7 HF A2 A}FE-L Shelter 1 596%107,
Shelter 2 11.21 10, Shelter 3 10.95%10™* =2&] 2 Shelter 4 1451 X102 1}
Etwich 4 HIFAIGEo] 7 Fe Shelter 18] 596%107 YA o)
7}d E2 Shelter 49) 1451x107" Bt} HF 855%10° AL YPAIgEo] @
A UYebstth. &, Shelter Fed Xsjo] AAIGE Aols 499%10*~855 %
107 W92 vehgo} 2ol Hd BE Auje) AAIYEL vd Fog2I)
T 1382x107, WiFALE FATF7) 665%1072 wigHALEs)L vl Ba 7.17
X107 R YWAFEL BAY AASFLol BE o PSS 1L
FeFoN HF 10.09x107, AAFLFAAM 1160X1078 7477} 2
s vims] PF 151x10°2e YA G5 Ry

2=, 2o AAILEL Shelter Heloll wa}l 4.99%x10°~855%107, Ho]
ZFol wet 7.17x107 23 AFSFLd) wat 151x107°9 238 B

7. XHe| MY2 24

Ao APE Hehe A4 AFA] @ FEA ] AEAH 7} 2] duigy
(Moisture, Protein, Lipid, Ash)€ ¥4 3 tHTable 51). $F8& AlY A}z}A]
8LOlo|RN=Hl A4 F8A] HFF 4 (Shelter 4+ 715+ FALR)9] 79.37+
0.134014 47 16 (Shelter 4+ A5+ 1)9)2] 8285+0.332 MY wiiA}
85 3 AITH VY FET B vAd 93, sles 49T Hoe xdS
ARS AR TN B2 B4 deldt duRe 49 Azl 1044 Bep Ay
Ho g A9 RE APFLAAN HA Yoy, 487 5,6, 79Me AY A
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Table 50. Comparisions of survival rates at the experiment completion (N: number; SN: survival number;

SR: survival rate; ED : Experimental diet; UP : Undaria pinnatifida)

No. of Initial Final . Feed type Shelter type
Daily death rate
8TOUD  Date N SN SR Date "N SN SR ED,UP 1234
Feb. 10, un. 10, B

log7 200 200 100 J log7 185 18 925%2] 6.49%x107° ED 1
2 " " " " " 167 167 835+49 15.02x 107 ED 2
3 " " " " " 191 191 955%49 384%10" ED 3
4 " " " " " 181 181 905%*21 8.31x10™ ED 4
5 " " " ” " 196 196 980%1.0 1.68x10™ UpP 1
6 " " " ” " 178 178 89.0%27 9.71x10™ UP 2
7 ” " " " " 175 175 875%2.1 11.13x10™ UP 3
8 " " " " " 168 168 84.0%0 1453% 107 UP 4
9 " " " " " 195 195 975%21 2.11x107* ED 1
10 " " " " " 194 194 970%14 254x107 ED 2
11 " " " " " 190 190 90.0*42 427x10™ ED 3
12 " " " " " 176 176 880%42 10.65% 107 ED 4
13 " " " " " 170 170 850*14 1354%10™ UP 1
14 " " " " " 162 162 81.0%56 1756%10™ UP 2
15 " " " " " 149 149 745%07 2453x10™ UP 3
16 " " " " " 162 162 81028 1756 %10 UP 4




Table 51. Chemical compositions (%) of the soft whole body’

Diet no Moisture Protein Lipid Ash
Initial 81.01 10.44 0.84 338
Final:
1(S1+H+ED)" 80.34+0.275" 11.04+0353° 087£0.070% 253+0.106°
2(S2+H+ED)’ 79.99+0643° 111530657 086+0.113%%* 253+0.141°
3(S3+H+ED)" 7974+0.700® 1152+0650" 09710070  249+0.141°
4(S4+H+ED)’ 79.37%0.134°  11.47+0254® 1.065%0.155°  246+0212°
5(S1+H+NP)* 80.95+0.784™% 1033+0848° 0.92+0.183% 3.20+0.226™
6(S2+H+NP)* 81.85+0.707°% 998+0325° 069+0565™ 3.16+0.169™
7(S3+H+NP)* 8153+0.622% 1026+0.148° 085+0.141%% 320+0.120%
8(S4+H+NP)* 81.90+0.127%¢ 1190+0.070° 0.74+£0.424™™° 3.03+0.495°
9(S1+A+ED)" 80.97+0509™¢ 1167109 102+0353°  256+0.707°
10(S2+A+ED)’ 81.09+0883™ 1125+2043® 096+0919%  262+0.070°
11(S3+A+ED)" 8091 +0565%¢ 11.15+058™ 093+0.106%® 257+0.282°
12(S4+A+ED)’ 81.50+1.025°% 11.83+1.124° 091£00983% 262+0.353°
13(S1+A+NP)" 8231+0.113% 1079+0.134® 059+0495°  3.18+0636™
14(S2+A+NP)* 8265+0.728° 1061+0.198° 064+0.134° 3.04+0.176°
15(S3+A+NP)" 8226+0.770% 1091+0530° 063+0.141® 3.13+0.120™
16(S4+A+NP)" 82.85+0332° 1094+0339® 063+0636® 3.40+0410°

'Values (mean*s.d. of two replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).
*S: Shelter; H: Heated; A: Ambient; ED: Experimenta! diet; UP: Undaria pinnatifida.

B AL 49 AFA 0849 Bl & of
NEAE FEFT EFdME 48 AFANRG A YExten, njgg g

T AY ARG by oz yolged old¥ BFE AdF S 4Y
TFoA oS FHIAT 22 HEY FSe 49 AFANGCRRTG M 4Y
TFol A RA et o9k 2 g widAlE FE TV vY IETFEG ¥
A ol =¥ FAZHP>0.05)E B

AT 23j8 ¥Ye £AE
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A 128 MEALZ, AIBALE U Mot Ho|J|
NotHE, ASENS U AN

T "

A& JdE0 0lxl= =1

HEFE AAHLZ 1009F ojde] X383 Jon, ¢ veere g
FAQ FAE(H. discus hannai) ¥} GFA & @A B (Haliotis giganta), 7} A
B(H. discus), NEBEEHAE(H. silboldii) F°] A3t ATk, 1989). A&
dERE 2§02 o]&HAANE T AFHLRE vi¢ FLIAA HAFTHAA
$3, Fe2x 17te] 7|ZHFCEN Aol e £& FAEIY. PEFo
e A7e v QAARE oA Aol o thFolx goh(Kikuchi and
Uki, 1974 ; Seki and Kanno, 1981ab ; 7, 1992; = - &, 1984; ¥, 1988 ; o]
5, 1978 ; 3, 1994).

HERE £330 fAS 2R R3S 27] Holg F#2E F 9
o|Z AtK3td 24 7-8m7bA HFAY F Fdel A vt F3F {435
24 3en AT Rg withel] WF3te FF 2719 AE A e Pl
2 o]FojX 1 oy BEHOE AF FiH R FAHA g AR F
T AEFA ] g Badol golFel wel AEG {4 FRAM FAse 2
o] A3 F7iH e AAoIH, A 5(1994a, b)E &4 A Fxo B
A#%E PPt AT, AR FHT FortES |4 Holz An
o, Az, Ackajete}l g HA Bolg F2 ARSI HFole HWEvY

ojuf AxTAIntE FF3 T Ue AAoloIM A 2l B HYESo)
3 Atk ol g Aol At wpe} FFo] BFY ¥ ofe} 7}

e
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o] WFo] dstx, 4 =3 AR E AlSsle A ¥e Zeg Ray
o] Ath(Viana et al, 1993). AT JUolM= o} A7t HAFJ wiFAIREE
Matr] A% @77 S UA 7] G, A=A HG 7tHo 2 )
FAIEE FUSIE o] FAHA HellM F7HHe2E & &49] g1lo] Hu
A, TR Tl LA ste BAHA wiFAIRE NEsr] A IF
A8E TR gtoh(e] F, 1997). £F AFEE FHoE FAHD e ¢
WA AE FEZAME FA Hold F, AF R FF7HHANA BdFHe=z
B3 oA M o] ZAAAG U= A Jido] AF3] 27 HI e 4
Fojth. A & dFoMe dollA FAFREoE AAF FAAHY viFgeiz
Az 4 AR2 71RBE, ABEAS 2 FdE dis] 2 258 S
A Azd viFALE AlAF, T4 AlaArE 2 HE Holg Biasti

A22 Mg P P

1. dEAR

CAE oo A 59 2 AR RALE A AMSE ALEE AY uiAls
(ED), SellA Azd widAts A|AZF(CDD), Y34 ABALE(CD2)9 A
Hol2 AFx A4} ArIH(INF)& 7Yt o] &3 HTable 52). ] 5 4
g AR oln] FHERoE AAE FAAHA wigei AP 4 5
Z 23S OB FA(F)ANAM ZHo] 1em, FA 015mB T AlGFHo] HEFH
AzHAh AxE AR AT A2 F U5 BB(-250)8EAM A8 F
Aottt ALt FAE APHe KA F2d Yol £ FFAvt
g ddsleq FF3A
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Table 52. Composition (%) of experimental diets

Commercial diets

Ingredients Experimental diet Natural food
CD1 CD2

White fish meal 200 ~Closed-  -Closed-

Soybean meal 23.0

Undaria powder 5.0

Wheat flour 22.3

Spirulina 05

Embryo meal 50

a -potato starch 7.0 Sea mustard

Yeast 2.0 {(Undaria)

Squid liver oil 30

Lecithin 05

Vitamin 1:}remix1 25

Mineral premix’ 40

Sodium alginate 50

Enzyme mix’ 02

Nutrient contents (%) in dry matter

Crude protein 338 328 345 20.0

Crude lipid 58 39 22 1.3

Crude ash 105 387

Crude fiber 36

Y2Refer to Table 1.
*Kemin Industries, Inc., Singapore.

2. H30] A ART2

Ay Ase 199%6d 10¥ 1Y BAFFAFENFLAAM A 244 10
~17mn A X9 7t2AE(HD), A BEHE(HS) ¥ FHE(HDH)Y 3%l 4
Loz 137 Yol HEAIZ A3 g 2 4PFR(34X285%X23cem 5 #
B 172)0) 1000k214 2k Algd 3prB oz Jojuixslg AFte
1997d 5¥ 274 %E 79 26U7HRA 8 9FRolR LY, HolFFL Y 2 11
AR Fzie] 2 MBS A4 F, WIS F 5~10gHEE AF T
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o2}t Az 2 FE 59 Ha FE AR FEE FFEMD, Aoy
Ao delE 1702 9 Fx9 o= Adso FFaPh

2/min/tankE ZA3 P oo, FstA i FFIAAD. AMRIINFY Fe
172~262T 3, d¥3s =< 30.01~3553%AHFig. 28). X+ 15~750Ix, pH
£ 801~826, DOE 7.2~9.1mt/ ¢ Hth. £4 8 Xu= 4PA2A] 3000, 4
FE28A &t 20 YET ZE NAE FASNY 4%, 4E, 2ta, 3FF A
AR-FZF HAFZE AR F, 712 R E Eelsle Ut E EXRo2 YT
B#(-60T)3t A}

flo
2

h-R
=

r-lm

oH

1

)

_Q_
T

—{N

l

MR o EAXe

w
0

9 dd, 4PAE 9 oAl YN E-S AOCAC ¥E(1990)o] whe}t 243
Aed, 2 A(NX6.25)2 Automatic analyzer (Vapodest 5/6, Gerhardt)&
ALR-Ete) BN, AL etherE AHE3lY F&3den, £ 105C
9] dry ovenolA 4A17F B¢ AZR F 2AHEYY. £33, FAHHF+ Automatic
analyzer (Fibertec, Tecator)E °]&31, Z3E-L 550T 32X 44
¢ e F AFsAY A= SPSS for Window (SPSS Inc., 1993)
program® 2 ANOVA-testE A A|3l9 Duncan's multiple range test (Duncan,
1955)2 2] Hae FJdE& AAR3A

A3 723 g 3F

i<
fr

A8 AHE 9FTL AMSE A, 2 BAF A7 ¢ AEg) o Ax
Table 53 EAIStAch A ARAA Y BE 2758 A FF A5 028~
035g2 2 g Bad 2 Aole AFHA ARom(P<0.05), AE HTF AF
(Fig. 2902 041~125g22 ABEXE wPAlEE FFT FE°] 1.5~
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Fig. 28. Variation of water temperature and salinity during the experimental

period.
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cde 0.88

076 ¢cd
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0.61 0.62
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a 0.47
0.41

HB-ED HB-CO1 HS8.CD2 HB8-NF HDH-ED HOH-CDt HDH-CD2 HOH-NF HD-ED HKD-CDY HD-CD2 HD-NF

Abalone species/Diet

Final average weight among Haliotis sieboldii (HS), Haliotis discus
(HD) and Haliotis discus hannai (HD) fed experimental diet (EP),
commercial diets (CD1, 2) and natural food (NF) for 9 weeks.
Values (mean of three repelicate groups) with different letter are

significantly different (P<0.05).
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Table 53. Growth performance of abalone fed different diets for 9 weeks'

Diet 1o Initial av. Final av. Survival Weight gain  Soft body  Soft body wt.(g)/
wt.(g) wt.(g) rate (%) (%)* wt. (g) total wt.(g)
HS-EP  035%0025° 125+0.176' 99.3*1.15" 262.9+2695" 0.70+0.092° 062+0.012°%
HS-CD1  0.32%0025° 125+0.150' 97.3+058" 287.7+40.22" 067+0.102° 0.60+0.015“
HS-CD2  0.33%0015° 134+0.09' 97.3%058 3104+2885 0.74+0051° 0.63+0.006""
HS-NF 0340006 0.76+0.000°* 97.7+058" 124.4% 3.17°° 0.39+0012° 0.57+0.000°
HDH-EP  0.32%+0.025 0.70+0.234" 77.7+3.79* 123.7+72.99" 0.32+0.031* 0.59+0.012
HDH-CD1 0.30+0.036° 0.61+0.095™ 747%4.16" 1053% 7.28°° 0.34+0.045° 0.59+0.006™
HDH-CD2 0.31%0.020° 0.62+0.072° 74.0+200" 101.9%£1066™ 0.34*0.044™ 0.59+0.010™
HDH-NF  028£0025" 041+0015° 76.0+265 552%1368° 021+0015" 055+0.010°
HD-EP  0.33+0.006° 0.88+0.055% 98.7+115" 167.9+1754™ 052+0.021° 0.63£0.006°"
HD-CD!  0.30%0.087° 093+0.120° 983+0.58" 224.7+74.23° 056+0.086° 0.64+0.006"
HD-CD2  0.30%0.032" 090+0.026* 98.7+1.15" 219.6+4796 0560053 0.65+0.026'
HD-NF  028+0.050° 0470064 983+1.15" 686+ 887" 0.27+0.038" 0.61*0.000""
Table 53. (Continued)
Shell length Shell width Shell height Body wt.(g)/
Diet no
(mm) (mm) (mm) shell length(cm)
HS-EP 218+1.15" 156+094" 395+0.171™ 052+0.047°
HS-CD1 21.6+1.00° 156+0.83° 412*0.183° 0.51+0.055
HS-CD2 21.9+0.44° 15.8+0.30° 3.95+0.044™ 0.54+0.033*
HS-NF 188+0.15° 13.3+0.10° 376+0.025 0.36%0.026
HDH-EP 16.1 £0.50 112+0.28° 377+0.124" 0330019
HDH-CD1 . 16.4%0.68° 11.4+0.49" 382+0.170° 0.35+0.032°
HDH-CD2 163+0.74° 114+057° 378+0.136 0.35%0.030"
HDH-NF 14.8+0.19" 103+0.14" 3.50%0.046” 0.25+0.012°
HD-EP 188£0.30° 132%0.24° 3.95%0.052" 0.44+0.013°
HD-CDI1 19.2+0.85° 13.4+062° 4.00+0.212% 0.45+0.041°
HD-CD2 188+0.44° 13.1£0.10° 3.86+0.035° 0.46+0.018°
HD-NF 16.1+1.09" 109+0.52® 3.37+0.174° 0.28+0.028°
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Table 53. (Continued)

Diet 1o Shell width (mm)/ Shell height (mm)/ Shell height (mm)/

shell length {(mm) shell length (mm) shell width (mm)
HS-EP 0.72%0.005" 0.18+0.005° 0.25+0.007
HS-CD1 0.72+0.006° 0.19+0.001° 0.26+0.002°
HS-CD2 0.72+0.002° 0.18%0.005° 0.25+0.002°
HS-NF 0.71 £0.002> 0.20%0.001° 0.28+0.002
HDH-EP 0.70£0.006™ 0.23%0.001° 0.34%0.004'
HDH-CDI1 0.70+0.002° 0.23+0.001° 0.33+0.002°
HDH-CD2 0.70+0.004 0.23+0.003 0.33%0.006'
HDH-NF 0.70+0.002* 0.24+0.001° 0.34£0.006
HD-EP 0.70+0.002> 0.21£0.005° 0.30+0.002%
HD-CD1 0.69+0.002° 0.21+0.004° 0.30+0.006*
HD-CD2 070%0.015™ 0.21+0.007 0.30+0.004°
HD-NF 0.68%0.026 0.21 £0.009° 0.31+0.003°

Walues (meanzs.d. of three replications) in the same column not sharing a com-
mon superscript are significantly different (P<0.05).
*(final weight - initial weight) X 100/initial weight.

134go 2 =alo] o] EJROU(P<0.05), MPALET Tolle 437 AR
thP>0.05). =3 5Y ABZHFUAAM e A AE FFTFEC] HG Yol FF
TR Aol k3, AA AFTFFAN FAB JP Hol& ¥
04lge 2 7H4 Aol Uth(P<0.05). A& (Fig. 30)& A BEAED 7tk
Eo] 973~993%2 FAE 9 740~77.0%° Hls EOW(P<0.05), Z+ HE
ZUelAe] "ol 2H¥EE I w7 ARHA FEHP>005). FAL
(Fig. 31)& A|ZEHE wWFAlE FFTFE0] 2629~3104%2 7HF &L 7
o] o (P<0.05), AIZEAET} 7AAEL uFASTER HA Yol Aol
Fo 27t AR JAHP<0.00), £F, FHEL A FET HE Yol Ao
o ozt AAHA FROKP>0.05) FAFeRE FF Hol FoF7H ¥
ston] 7iutABa el HA Ho|FoX e FH&o] 22 552%9} 686%

it
e
-4
N
N,

- 198 -



95
~ 90
32 + Hs-CcD1
~— ¥* Hs-CD2
o 85 o
= . HS-NF
= % HD-ED
,S 80 *wmup-cot
c £ HD-CD2
3
7)) F Hb-NF
75+
< HDH-ED
* HDH-CD1
70  #ppH.cpz
# HDH-NF
65 i { { - i ]
0 2 4 6 8 10

Feeding period (weeks)

Fig. 30. Average survival rate among Haliotis sieboldii (HS), Haliotis
discus (HD) and Haliotis discus hannai (HD) fed experimental diet
(EP), commercial diets (CDI1, 2) and natural food (NF) for 9 weeks.
Values (mean of three repelicate groups) with different letter are

significantly different (P<0.05).
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significantly different (P<0.05).
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Fig. 32. Ratios of soft body weight (SBW) to total weight (TW) among

Haliotis sieboldii (HS), Haliotis discus (HD) and Haliotis discus
hannai (HD) fed experimental diet (EP), commercial diets (CD1, 2)

and natural food (NF) for 9 weeks. Values (mean of three repelicate

groups) with different letter are significantly different (P<0.05).
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Shell length of Haliotis sieboldii (HS), Haliotis discus (HD) and
Haliotis discus hannai (HD) fed experimental diet (EP), commercial
diets (CDI, 2) and natural food (NF) for 9 weeks. Values (mean of
three repelicate groups) with different letter are significantly

different (P<0.05).
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Fig. 34. Ratios of shell height (SH) to shell length (SL) among Haliotis
sieboldii (HS), Haliotis discus (HD) and Haliotis discus hannai
(HD) fed experimental diet (EP), commercial diets (CD1, 2) and
nafural food (NF) for 9 weeks. Values (mean of three repelicate

groups) with different letter are significantly different (P<0.05).
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Fig. 35. Ratios of shell height (SH) to shell width (SW) of Haliotis sieboldii
(HS), Haliotis discus (HD) and Haliotis discus hannai (HD) fed
experimental diet (EP), commercial diets (CD1, 2) and natural food
(NF) for 9 weeks. Values (mean of three repelicate groups) with

different letter are significantly different (P<0.05).
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Protein contents of soft body among Haliotis sieboldii (HS),
Haliotis discus (HD) and Haliotis discus hannai (HD) fed exper-
imental diet (EP), commercial diets (CD1, 2) and natural food (NF)
for 9 weeks. Values (mean of three repelicate groups) with different

letter are significantly different (P<0.05).
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Table 54. Chemical compositions (%) of the soft whole body'

Diet no Moisture Protein Lipid Ash

Initial:

HS 75.47 14.69 1.86 427

HDH 79.59 12.67 1.05 3.29

HD 7857 13.23 115 402

Final:

HS-EP 76.5%0.26™ 16.1£0.41*° 217+0512%  2.20+0.061°
HS-CD1 75.2+0.80° 16.4+0.85° 241+0.079"  2.20+0.222°
HS-CD2 755+ 1.00° 155+067° 158+0.175%  2.27+0.045°
HS-NF 75.7%£0.81° 15.2+0.95% 190+0.196%  3.43+0.206°
HDH-EP 77.9+0.99° 15.0+0.88 1.10£0.045®° 251 %0.266°
HDH-CDI 77.3+£1.30™ 156£1.02° 1460207  2.49+0.165°
HDH-CD2 77.3+0.41™ 155+0.17* 1.03£0.104*°  2.39£0.089°
HDH-NF 77.8+0.59° 148+0.12° 1.11£0.006® 2.95+0.301°
HD-EP 755+0.56° 15.8+0.60%° 224+0445%  233+0.092°
HD-CD1 755+1.26° 165+0.68° 21601177 2.20+0.090°
HD-CD2 75.6%0.80° 16.0£0.66™ 1460060  2.37+0.162°
HD-NF 76.0+0.53® 152+0.22%® 154+0.178¢  3.11%0.031°

'Walues (mean*s.d. of three replications) in the same column not sharing a
common superscript are significantly different (P<0.05).

WA g FAE Ueld. AW FFS AEEDE F YA EY APAs
b T ALg A E}XI(Fig. 38), FHBAM &
i~

< Z%oItH(P<0.05). 3¥ 3

Fe wMgARS EF0l DAl W2 357 T4 WA o] TojFuy
Rgkom(Fig. 30), 53 AZEUES] H o] FATHS-NPIA 713 &

YTHP<0.05).
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Fig. 38 Lipid contents of soft body among Haliotis sieboldii (HS), Haliotis
discus (HD) and Haliotis discus hannai (HD) fed experimental diet
(EP), commercial diets (CD1, 2) and natural food (NF) for 9 weeks.
Values (mean of three repelicate groups) with different letter are

significantly different (P<0.05).
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Fig. 39. Ash contents of soft body among Haliotis sieboldii (HS), Haliotis
discus (HD) and Haliotis discus hannai (HD) fed experimental diet
(EP), commercial diets (CD1, 2) and natural food (NF) for 9 weeks.
Values (mean of three repelicate groups) with different letter are

significantly different (P<0.05).
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Table 55. Two-way ANOVA analysis for growth performance and body
composition among the juvenile Haliotis sieboldii (HS), Haliotis
discus (HD) and Haliotis discus hannai (HD) fed experimental
diet (EP), commercial diets (CD1, CD2) and natural food (NF) for

9 weeks
species Diets Interaction
Weight gain (%) P<0.001 P<0.001 NS
Survival rates (%) P<0.001 NS’ NS
Final average weight (g) P<0.001 P<0.001 NS
Shell length (mm) P<0.001 P<0.001 NS
Soft body weight (g) P<0.001 P<0.001 P<0.05
Shell width (mm) P<0.001 P<0.001 NS
Shell height (mm) P<0.001 P<0.001 NS
Total weight / shell length P<0.001 P<0.001 NS
Shell height / shell length P<0.001 P<0.001 NS
Moisture content of SB' (%) P<0.001 P<0.001 NS
Protein content of SB (%) P<0.05 P<0.05 NS
Lipid content of SB (%) P<0.001 P<0.001 NS
Ash content of SB (%) NS P<0.001 P<0.01

'SB : soft body
NS : not significant.
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