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1. A Fae R RER

BAEERGMRAE RO R —RESV R AR Y > 25 & 4%

AW REA K~ AAREARE QT o I8 REER F 5 2 £ 9 RARH
Fios® > A A — B R TRk o F—Hps TR ER - WE ASH
Fa AR E o 3R A AR AR AR B R o — SRARIE C T 09 IA R
7 R 5 & AR M fe RV A A Bl KA

A FEURRTENIN S FHE » —AREZREENER AW
+Aki&(James Lind) A S A B4 —# 13% » RO T 8RAL - TER
B EEEG FRER HERT AZWNMT —ERE > BRABT
Fo AR T M E > BRRBBRERBE LT o B REHEREHMIE LR
(scurvy) » A% FHeAEAR T2 P R TARS Ao b I e s 0 R Ay s A 4 4 £C o

ANTOWELZE  —LAASEERXRES ARTAERALAFS LR
A% & i 04 B Fsm(beriberi) > T B3R E ~ & - WEA R KPR AK KR TAG -
R R — R ERRR ~ CHEIBEK RN AT AL HEREFTYRRE © 5
RARTHERRE SRR SRR EEM TR G R KA 85 k1L
S S 2 o BRI BRI B TR ER Y RBE A
Bk T M RUR 695 A&

MAFZERI LS G EEFANRE LT HESEHF LB KT ALE
(Christian Eijkman) - 5 701886 <[5 [ AL B 247 22 0 R (S Ak 72 KR 5
FRMBERREADN  FELEREERFENFERY - RASHAZREL
# /R 4 22 3%(Germtheory) B £ e B X, > 2 FIARAR1E — 009 7% 39 X d 9%
ARGl mBARTHREROBGE S R TREEL S5 HLEF
ARZE QAP ERBERBRANER BRI T LS4 BLER > A —X
MEZE AR EGHERE T A F S AR B RT3 - 87 %48 A
RGP R R IE R o thBEAE B 0 5 AR R IL AR B R A o B
WEIB B R E 6 5k B B e B R I M BT R e B F B & R A A
KA BRI K « S RLEHFREAEKBRZIE > SHBEREYHLT -
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o I8 B8 B 58 R0 Ak Ay 0 SEAR B AR B ab I R 69 R A R — FE AR IR S
A1 i AR5 2 A BR G R Ay o TBAAS S — PR AN AE B M KB e

FAZHBERAARNKRER  F AR T EHZ L LN T-EY
WER 5 B R T M A HT R AR R 09 B 2 4L A (animal model) >
MR G HEE BB R A SRR RARA RS
o AR TR F 52 AN FHESE AR > B R gL
FRENE —EF A WA - meE 2 RER A RiE(James Lind) 8 & £
HEskthf 2y ERE SR FREM MG EXERTAREE  2EHE
AAHE AWK -

1-2. A Feha &

Fen B A 0 b 44 &R% o Hopkins 21906 s 2 &g ~ I8'H ~ &
OHERBPEOERZE X TR A A RN AL BRL%EE
ok ERNEL FM A “RMal &£ (food accessory factor) o F 4
"4 A % ) (viramine) &Y & A% BT A2 1912 5 — 45 72 3E B 45 K F R R AT
%264 % B AL 2 K& % K @ %(Casimir Funk) F742 # o f5 B4E KA+ o dk
Z WA B & o EAEA 4P B(vital) g & o 4 A Bk H(amine) © FH fmie
"vital" A= b "amine" 4 K" vitamine" - R ARG AE F R
(vitamine theory)#y3€ 4 o #IZEHR T % R A E oD LdrdiiE L efE
P ez R AL R R E TS c BREFEALIFEAY
Mk EFHEH RARMEL > e 8RM E FA D S ERKUAR %A EC 3
R AR B & o Hb 2% "vitamine" B EFEHFR "e" £ @ E K
"vitamin" o FF ik S K fr e A FB1 0 AR SMEREH MO KM E
¥, '8 p%, "thiamin" #; JF "thiamine" -

MAF LAY T ERE LGB E FEROBE  Fiu
AFNHI R W EAEG R EAEL FOERP AL SRTH AL
T o 1920 5444 % (Drummond) 42 4% 78 By 32 Bk JE Fo 20 H JE 69 IR I8 M R0 &
A HAEFA O A RE — 8 KA T t(McCollum) £ & A il 7 3%, i o) %
ey A D o — #1948 45 7 B7(Folkers) & % 4 4 5Bk > 424849
Wt % FXE o RSP A3 GA RO BER . — B S AT R
MAR VAR B EEARLER AT  EELFRAEERERAFERX
AT I3RS IEAT — R A £ o
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A RET TR MG LR R TSR E > e
FHHMBEORHP LR AFBEETRAITLELE R FHARGE
o BAalTQaw > HZHAE FRMAMB IO ER RN ANANEESRY
MR A RF A TEEE) o wREABATZ R A LR ZFEBCREH L
M AEER > FTHEHARAHY SRR ZIEREL  FEERTET
M F R ZEHE CBMBESTRERAWE A RHREE - A REE Y
IR BRI T % o
2 MBEMEE FHNE AR SR

fIg VR M R RN K 0 T G AR B MR Bl e OB S BT F
EAF Y FRIE RS > B RE AR5 o IRIRM A £
TEBHITRYT KEMA  FERFAER L RBGEEMAH - REGHHZ
Jeim A RERAE EHHAE > 55 &84 FA D E K> ziMHd
MEE LA SR RE il de T
2-1. # & A (vitamin A)

He Ak FAE R TR NG IR 4 £ £ (McCollum and Davis, 1913) -
— f& 4 A FA ZF5 AL 48 B(retinol) ~ 77,49 B% (retinal) & 47, 44 B2 (retinoic acid) -
R e FARIRIVTS L3 Tk A4 FAZ B-31 3 3] % ( B-carotene)
A FABZ R T EZIMRY 0 IR RALIE AR BIEE > BB AL
ERYT EBABRRGTY BAE -

Mt RAGE LRI ETHMAE - Lk ey it > 25k
EABEROAR  BAEFALSHEIBTORY - B4 FATHET L EH
ARZULERRF O OHARMBZEFTEEADBRESE - WELLE FA
F B o8 Ao 4s 2 Bk 3p(Fisher et al., 1952) » Fisher (1960)41,35 th 4 & £A 5
ST HAUAE DR -

2-2. 4 % %D (vitamin D)

AARR T ABAEEAADA B BRAGLE L P UD2AD3 AR TR -
# 4& % D2 (ergocalciferol) & vy #4782 1§ 4 4 Ak h9ergosterol % 5 91 S B 44 v A
& 5 # 4% % D3 (cholecalciferol) 8] % 5 & 4 52 ;4 & & 49 7-
dehydrocholesterol 42 42 4h St BB 4+ M A #%, o 44 D2 R D3 # A28 K K3 2 vh
AEythz AR B g > 2H ERM D2 R AD: 21/1069 &4 » ¥ &
#8 % #5(Salmo gairdneri) = 44 D3 69 F M E 1V kD2 = 4%(Bamnett et al.,
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1982a,b) - 4} » ShiaufeHwang (1994) 7% 3 ¥ (Penaeus monodon) 8% 72 F
35 o 4 A ED2 64 EMEAE £ BD3692% o

Bk FDREFODE MR R BT ST R 0 KR
o P AGEE FeY R L o b ARSI EBA FD R EE B R
Y& (Wasserman and Taylor, 1968) -

2-3. 4 % %E (vitamin E)

44 FE X 4 % F Bi(tocopherol) ° 4 FE 4G9 & » RAARNERG
AR N A FER > % R AR e E LR @in e X iR R
BUyR % mAEZ o M A FEG R R AR R EERMNEEFDZE - 4
AFEN G AR ANAE FEL IR E L P RAA TR T oy
La~ B~ 7~ 058K - F A Ay £ E MIRE > Al XA J-tocopherol
LES(6>r>p>a) s 2% AL A F EMW IR - Al a-tocopherol 2 5% &
(a>p>7>0)c A FA—FEFEmEhT  £BEISF g s T
HAEAN LG 2R E Ao RS B AACHIE 0 A AR c A FEW A
A T ()& —RAMRREAHME - QHER R T LA LK FENY)
o Q)iial s A F CARAINBE EAA MBI - DRETHBA
B > 4 %% Q (ubiquinone) ° (5) #EI 4 4 FE A Bh#A Bk 4 & FAMEAAL -

A FEZ —F R RGERES BB AR > oo IR IE ~ AR
B S B N A AE 48 4% B (subcellular membranes of mitochondria and the
endoplasmic reticulum) o H % ¥ % 5 X 77 A @ AL 8 N 472 ° #®
(selenium) T YA ¥ Bh 4 & HFE 4w 816 o £ Bk H ki # 1LEE(glutathione
peroxidase, GSH Px) L4 [ 4.1t & ##(peroxidative degradation) > A4
HEEE R G 4 —FRT o b A FCH 44 FEX su A LA ) A ¥GSH
Px# Jm s AE A o BRdn BALAR 1 9h » # 4k FE °T By ok 4x ofn 2R 05 ##(erythrocyte
hemolysis) ° & & #& 4% % fzporphyin fvheme synthesis < &% 1 |

Yk FEAA MR RZBBODHR > BPAIRAAER » L TH Bt
FBE b 4 % U fe o i By BR SR BR G H 38 AR AL > ARGE e R IR 69 AE ST
&k B % F B ey M 3 A1k #l(Murai and Andrews, 1974; Baker and
Davies, 1996; 1997) > ¥ #%#% & + B 1% 45 R & 2 40 A1t #|(chain-breaking
antioxidant) s, #% 2 & 4 4 B 4w fe B 5k = % 09 3% #f JK 75 72 & (Burton and
Ingold, 1989; Cohn, 1997) = [5] i » 4 4 FE #5068 & 4 4 88 40 8k F 20k g
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AABEER > ABEHENAL AL LAFMYRTBALLY -k
Sho AR L FARBRE TGS -

Fl b — sk ded KB 0 B BR G Wk RALP K 4E B8R KA RS
B B o 32 Bk o K 3RS0 BALAE R AR B8 B8 By 8L A B -

2-4. # % %K (vitamin K)

4 % £KZDam £1935 5 FraER > 35 h S win h 4 £ &
(antihemorrhagic vitamin) & —#76y Ig A M 44 & » 2 5 L 4 &(Dam,
1935) « 44 FK L& T 5 R =18 % 7] » &3 44 %K1 (phylloquinone) ~ 4
4 %Kz (menaquinone) & 4 4 %K3 (menadione) °

Mk FKZ A B e ARSI BT EGE B AR T En¥
Bl fn 3% P 3 6T pk o Sbdb 0 44 FK IR 9 452 E F1% #&(electron transport)
1 F LA B 1k 7 fE(oxidative phosphorlation) o H 46, Bl 45 & £K &4 4 32 ) 4%
AR+ HEE -
3.REMWEE FHORTREEDRE

A RARGRMEAE F o RIEMGEE TR SRS BAK St
BRTRRE#MA BN T A afif 0 %4304 B @4k B3y
Sh o B AR A X TH W HMITE FOOBEMRER 2R S E L
FAK G PR c KEBMHAKERELEFO TR BT R
B AR B AR R(EAFBREE A FC)I 0 B AR OFEIER
(choline) #2 AL EZ(inositol) » 2k 5 ifi4m F
3-1. 4 % #B1 (thiamin)

4 & FB1 A% & AL (thiamin) > B R 0 > e SORREMEFOLT >
HARE AR 0 A2 SRy KR e B GE MM RIET 0 Al ik L HOR -
Mx FB1E S BE PN R £ R 69 )RR KA T 9 UR # B8 (coenzyme) ) A
&, » 3L 44 8% 64 7% KX, Athiamin pyrophosphate (TPP) » % Bj B A #o o -keto acid
decarboxylation # i 49 &8 & 4£ B > 474 ¥ Bhcarboxylase #i% % BR EZ (pyruvate) £,
bk > #%4 % C Al 3B (acetyl-CoA) £ i A %,18 R 48 5 (Kerb's cycle) » 3 ik
RIEFFAF 5 £ B AENER T 0 thiamin % Bjtransketolase #§ribulose-5-P  #4
18 5% 3% 4% 45 ribose-5-P 7 sk glyceraldehyde-3-P Zsedoheptulose-7-P » A
glyceraldehyde-3-P T vA i N BEREAE ] E 4 48 % » L3 & 2 ANADPH
(nicotinamide adenine dinucleotide phosphate, reduced) 2k % B4 5 & 44 & 5%, °
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3-2. #4 % %B2 (riboflavin)

4 & B2 XF% & 4% % & (riboflavin) » J A& A& #H2 8 & @ FMN (flavin
mononucleotide) ZFAD (flavin adenine dinucleotide) & — 434y > sy % & % 4L
BRSO B RBERM BT A RRBELT ALK GMEE TY B
PR P ETHMRE - 4 FB2L SRR E B K DI PR
J o Al he AR 3R 4 R
3-3. ;2 & (pantothenic acid)

Williams % A £ 1933 23,2 B2 - ;2 & /& Wypantoic acid4E 4 /5 -alanine
& BE Y T4 A A(N-2,4-dihydroxy-3,3-dimethyl-1-oxobytyl)- 3 -
alanine ° ;% R 64 4 2 3 Ak A A5k BHBEA (coenzyme A, CoA) A & 3E i L Bl &
& F(acyl carrier protein, ACP) &4 #4585 JX (prosthetic group) #y sk % —
(Peterson and Peterson, 1945) -

CoAfimi 4t &1% > R E LB N L1 Lo METRIE - H P RERN S
acetyl CoA Ff 424 77,18 X 45 3 (Kerb's cycle) » H oo 4 S1ERSY ~ 4 42 4% &
41 (acetylcholine) ~ % [ 8% ~ JE#R ~ 77 # 5(prostagladins, steroid hormones)
Wb 0 AR YLACP — e 5 S IS By BR 44 6k ~ 2R 0 IR AR EHIR
FT 2654 & ; fmsuccinyl CoA &, % fthemoglobin & cytochromes #4 4 5%, © %
BR LT VAR R JE B e R AR B 0 dw sk B fE(sulfonamides) % o 3% B8 78 € R
AL RE S Ak 0 M e Eh 4 33 gk R 89 B8 /1(Hodges et al., 1962a,b; Axelrod,
1971; Lederer et al., 1975) o F 3k » 2 BR A e 43 ~ B8 A7 430 ~ R R B4
HoNEBE  hRRERFHRE BRFTRVAL
3-4. 3} &8 (niacin)

AR ER 7 3504 4 T 4 4 Apyridine-3-carboxylic acid » * & 6,35 A dR R
(nicotinic acid)#F» 34 & B iz (nicotinamide) » f 4264 A LR Hh AL L A R B
#% 44 B > NAD (nicotinamide adenine dinucleotide) #2NADP (nicotinamide
adenine dinucleotide phosphate) & W {EEE & £ &L 5188 )3 o) AL R R R
J& 0 AR AT T g8k T o045 - Niacin 481 69K RE 4% © (1) a k1L
Sz RH B ABLEARARLAET TIRAORE ~ A XMAEER
(Kerb's cycle) % - ()8 E 2 A&A 3 > doH ko S R IL o AR ~ 1§ By BR 84 & ik, YL
A MABRBHEAROERFT Q) Fa U AKH R KBS Iy
FRE o (DA RN SR -
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3-5. 4 4% %Bs (pyridoxine)

# & %£Be6 A& Ff A 3-hydroxy-2-methylpyridine % 44 #% (IUPAC-IUB
Commission on Biochemical Nomenclature , 1973) » #7 4 4y Rpyridine3g - %
v {842 & 35 1 5] 'E 8 F 4ealcohol ~ aldehyde Zamine group ¥ %, = #& £ %
&1 A ek % B2 (pyridoxine, PN) ~ ot v% @t (pyridoxal, PL) & #t *% Bz
(pyridoxamine, PM) o b = #8244 £B6 H LA K » & A% NATHE ~ & fn 3R A&
ot A R AL R Bk R R 18 E R 8B X e pyridoxal-5'-
phosphate (PLP) Zpyridoxamine-5'-phosphate (PMP) 2k % 2 1%, #t R J&
(McDowell, 1989) -

A FBe T B4 MEGH ARG A EREELEFBTHEGMENEEG
HARHET o AL i Q5 s F 09 A &R > AREE R~ &
Jr kM s AR RG S IREARH AR AR LR 0 ek fEAE A
(deamination) ~ AR #%4E H (desulfhydration) ~ #& %% 4k | (transulfhydration) »
7 3L 4k F (transmethylation) & 74 3% #F Fl(racemation) % (Marks, 1975) -

3-6. £ 4% (biotin)

AMER TR B EELRME o CHATE H A fEcoenzyme R,
d FH - A HFMERTEAEL > X HLHR ~ MEERBE > 12 iR
FALE| THARKEN - A EFAEGHHW SR L REF WAL £ 8
4%-#1 o -carboxylase 2 CO2 #4 7& 4t 5%, 3% #% 4o: acetyl CoA carboxylase ~ pyruvate
carboxylase ~ propionyl CoA carboxylase * 3-methylcrotonyl-CoA carboxylase
(Knowles, 1989) » g s & £ 5 MEE Y H 4 - KRBTGS RAFE
B T BAGH 0 Bk A R AN R R B ~ BORAG S M F g B 6 R AtHAR
% & % (Shiau and Chin, 1999) -

3-7. ¥ & (folic acid)

Mitchell % A £ 1941 F 3k X F pde b — &b oth  WwWHEL A
"folic acid" » H#&=F R 4= T &4 % 7 &folium - ¥ # (folic acid » X #%
folacin) & 5% & & St X ab i > IEFAK P MR F HABE L 0 =
EBRMEEET AR RR TR BATIERE - EBH, TS
C19H19N706 » 4 F & &441.4 » L Aglutamic acid ~ pteridine A PABA (para-
amino benzoic acid) Ff 48 s 89464 o X BR AR SRS > E—FRR A
fepterin ; pterin =T 34 vj dihydrofolate reductase 11t » 77,845 & _F 4% 3R 5 mk,
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H2PteGlu (DHF) - 35 & 35 by sbBE K 694109 B i — 5 64998 s H4PteGlu (%
tetrahydrofolate » f§#5THF) » 3 & &40 A 6y 38 -

¥R ERTMAAX LW a ¥R (THF) » AR R L Bz
BYER > FTRAXZEBRHBAENERS BT AR ZZ T B2 A &
3-8. 4 # %#B12 (cyanocobalamin)

1926 s+MinotfeMurphy 5 SLAT i F A A4e B T Tia R E M A0 0 b
AN A B FA R e 4 £B12 o 4 4 FBREH 5 A 18
R4y ¢ (1) corrin * ZAn SHG 0 Mkfimar kM AT LB AL S
4 J& - ° (2) aminopropanol - (3) sugar ° (4) nucleotide - & 7 H 4 F 4 &
T B b AE X Acobalamin v R AT - B MRS R la oo 4
A FBLREHAR T > £pH 45-5.009 3 TAH R K GO CE - 12 £ B M Bl
MEIR B AR B A ABOE o A FBI2T LA F Gk M HE T A fm il 09 OEF FTER X
S BRI ER ADNAG R 2 BT HMER > HoHmi= 4 kifiich
R BAER QUG THERA SO R - EBHHIEN > A E
Bi2 %1 40B% & 2 % > ¢, 3tmethylmalonyl CoA mutase ¥imethionine
synthase [homocysteine: 5-methyltetra-hydrofolate (5-methyl THFA)
methyltransferase] » 44 ZB12A L+ = 2/ 448 A & > /£ methionine
synthase ¥ T % B 3 82 32 4t ¥ 3L A fthomocystein #% 4# st methionine = A ;5 &
# 4 %#B124k Z iFmethionine synthase 2 € T 5 - JbbF 3 B2 & WAS-
methyl THFA® X & > &k 4 R X8 E 1B {(THFA) » B i &
thymidine stDNA 2 & &% & F e » % & & B 3 B ok -

3-9. 4 % %#C (ascorbic acid)

4 & FC A% L 33k B (L-ascorbic acid) » &4 &4 5104 0 L4
THEMBMEREAAM 0 BESREBLSY 0 FAXEAL TR S  L-ascorbic
acid - erythorbic acid * monodehydroascorbate A Zdehydroascorbate vy #& » A
PSR bR E R % Al-ascorbic acid W o FHHTRBER 0 BFHA Y GF
MY ARRA A SR Z B AE RMAE ZC > 2 HHA] R K - B4 18N
WA FCHERBEBHMD TR » M4 6 44 £ C1iglucuronic acid
pathwayz — 34y > & &% a-D-glucose & & 1L & a-D-glucose-6-
phosphate > & # % s, a-D-glucose-1-phosphate » 4t 4 4% furidine



KEGMZBAEFTHER9

triphosphate (UTP) &_& 75 mi, AT 85 AT 58 4 UDP-glucose » b4 UDP-glucose % &,
1t % rk.gulonolactone > #x # % AL R HE 1% F] F #4k: B2 (microsomal) B% % > L-
gulonolactone oxidase (EC 1.1.3.8) » 4 & sk 4 4 %C (Burns, 1975) °

EE RGBT o A FCES RBABAREGY TR > 6&
# 4 FC oY B 4 8 %£L-gulonolactone oxidase 13 % 7 e S 4864 B A » 123k
MECLBSIHAGDOTBN > RELBEEFERER VR BHAM
g AR E REMARG Y LB K -

JEKE B4 d » Yamamoto % A(1978) 8] 2 12 # & 2 L-gulonolactone
oxidase &M o & R BT 4 T &2 & (Cyprinus carpio) FFFa 640 B2 - 7E MAE 48 %
ARG BTSN3 b ey g fEnh &~ B8 - ZHAARIT L
% & 8% N 5 4k 2 gulonolactone oxidase®¥ k&M o Wbk T8 %5 VP #KE
B R HF TR RA Rty £C o T A4T76 RBEAEFCH > HHFRER B
TR S B & BBAMIF T A B E A FKC -

A FCREZFENKE -AKRRF - HAARROFREBRES
(collagen) 7% sk, ~ ¥ MG OB SN ~ S MANEERERME ~ 68 F LiRE -
Ao SR A B ~ LB~ IR A KA - M4 FER R S LT 48 Ao IR i B
A BEAACE o AR TFR > 4 ZCHA A ~ A L& AL &
FRAFIIRGAE  LAHTEHREER -

ek FCEBRE G ARG T » 5 9L Ji BA(proline) F» #f iz B2 (lysine)
3 48 5 7 i i B (hydroxyproline) F» 72 #f iz B2 (hydroxylysine) Z 21t R &
(hydroxylation) » {2} R & & ik, * BB R & & 24 R AT o R H
HH > Tl s LR E > FIAEHARCHRZE B REGEK
RE LA MM REMTEET > BB RMwBRT) - ik
Al B G RS HAEB R BP A543 fn s o

A FCAL W BICRETH IR T ERWA E » &K (tryptophan)
AL B AP 42 A%k My ofn vE AR 1 K (serotonin) » YA B dy B& i BR (tyrosine) B v 37 B
_E B (norepinephrine) » 15 4k BA] A 4 £ FCFACRFEEOAE A o 7T A R 42
A FCHZ A HI G f B BAVEF T R F IR o T E FCRAUME B 52
R ERR > RBIER B RM AR E R B FAM TR 0 RLFR
AR -

4k FC 4 tm i 9182 % (extracellular fluid) 5z & & 4930 8L ] » T A 4%
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HEHAFA - BAFEAR S AT 8P BRI > B SR AR EER A H
H(peroxyl radical) vA & &, &, & & sk(hydroxyl radical) % 7% & &k R & » W [&1%
WREEN o B4 M FCEM A FEHH IR 3 BAGAE B A e R AR
A(Chan, 1993) » #:4 #CRitkta oL L4k RAL oY 44 FER R M5 5
4 o ME{&#e £ KE g & Jk(tocopheroxyl radical) = 7 s, » 124% # A& HE RILR
HAREM w4t ZCRAETHBAREAE £CAH & K(ascobrate radical,
semidehydroascobrate) 8] ##NADH-dependent semidehydro-ascobrate reductase
% J&(Green and O'Brien, 1973; Burton and Ingold, 1984; Niki, 1987; Sies et al.,
1992) -

TREBM T & A FCHGEA ZEAM NI R /A L RMEZRZ
W BAKHEMESEIAMEE > HRIEAEFCEERBEIERIK R
T RE L WAt 4 RCAR# 888 694 4 AE (Hung and Slinger, 1980) - 1 %
A RELFRERTER » BR R & 44 #C (ascorbic acid, C1) & % 4
4 FCHT 4 4 — H 5 B2 4% 4 £ %C (L-ascorbyl-2-monophosphate-Mg, C2MP-
Mg) » % A7 # A 4B 24 4& Fl(shiau and Hsu, 2002) - 5 4h & 38 B 5 ik 45
R FHEARMSH 2 FCIRCIMP-Mg » TR Stk 4+ FES2 S > &
F& A% AT B 2 TBA (thiobarbituric acid){f » 34t £C1>C2MP-Mg (Hsu,
1998) o 44k FCAR LA RITAMZ L REE Lk — -

R— A FCARAITEM AL LG EHER

Vitamin C#7 4 4 kX4 W8

# 4 FC Ascorbic acid Cl

BB R A #C L-ascorbyl-2-sulfate C2S
%R R4 A £C L-ascorbyl-2-polyphosphate C2PP

BB S 4 4 5C L-ascorbyl-2-monophosphate-Na C2MP-Na
B A A HC L-ascorbyl-2-monophosphate-Mg C2MP-Mg

Mk FCTH BT REREBE 5B 28T o 3B aeRIL
Rk > & 4Ad FCHZ B > K5k o ik & ey % 52 K (Smith and
Bidlack, 1980) o fe pk b Ehay —4k o 4 4 £C 58 K E B9 BY N AL 09 RHHE
B oo HAAR MBI MRS o TR R R LM A FCTR B B 0 T K
EEMEBER PLBEBRAREGE R A 4k ZCHRE T » R %
THEIRT  RRRE ~ R BMALES T~ T THE T RAILEE
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%% % 4% (Hilton et al., 1978) - 7 4 & visnakehead » A 4k % 4 4 #Ci¥ »
K& ¥ R o 4T ¥ ofn 3R PL B AE B 1K 89 & R (Andrews and Murai, 1975; Lovell
and Lim, 1978; Agrawal and Mahajan, 1980) o 5 Mo, A 3R 235 & > dr #8455}
PR EE 0 0% B4 4 FC R H(Desjardins, 1985) o T A ¥ 449 7
Ao o B RRADFE TS B AL A B FC oy R A B (Hilton, 1989) - i B
FHIEREER > LB GAE FCrAh R g4 £C (L-
ascorbyl-2-sulfate, C2S) - % 82 f& 4 4 £C (L-ascorbyl-2-polyphosphate,
C2PP) 1A A % 7482 4% 4 % % C (L-ascorbyl-2-monophosphate-Mg, C2MP-
Mg) @ 3SR F LA W R 4E R 2 BC2MP-Mg =C2PP>C2S
(Hsu and Shiau, 1999b) - '

A FCRABRRIN NI REKERABERIAE 12244 £C
JE B Hu B4 F o 454 #(Carlton and Henderson, 1965; Hill and Starcher,
1965) ~ # -F(Hunt and Carlton , 1965; Hunt et al., 1970) ~ 2% &(Van Campen
and Gross, 1968) ~ X % ®.(Milne and Omaye, 1980) X & A #g(Finley and
Cerklewski, 1983) » % e, 4k #E 0 LA A3 E1E R - B E 44 £CHT A M5
IR RN EEARBITOANFRE > RAEEFR T LR IG
A FATAEMA R MO H R R P AE B 0 44 FCHT A MH(C2S, C2PP,
C2MP-Mg) #1730 338 8% 4R 00 R B A R R AR E e E R » fm B4 1
B 0 R A7 2 % X Z 4F JF (Hsu and Shiau, 1999b) » K sbdf 4 4 %
CHTAMME R EROREER » 2 —BA B LT EZWHRHA -

J2 B LR R #R(adrenal cortex) & & iR eG4 & £C 0 FIREE 2 3
k% & 8 4R i % (adrenocorticotropic hormone) # AL B¥ > & 4k K B B L
A% % H # % (adrenocortical hormone) » B B B Lz & o4 & #CAH B iRk
MR AFEE T (stress) R by » B LIREH Mg A FCEEEAEH L
Liax  BrHs FCAHRTARTFRAY HEERAE -

A FCHRTHIFEAHYERTE  HAGEDHO ERE LY
RELUNDEERYAE - MARAEFCREMJITKE R H — A RZ L EAE
R & &4k 0 34 m T 4% % (interferon)(Siegel, 1974) 1% & #%42-Clq
(complement) 84 % % (Johnston, 1985) » % 5 & ¥ M & 2 Hi(neutrophil) # /b4
JA (chemotaxis) & M A R Bk vk F M & fe 3R 2 J 90 A bk ey & %
(Anderson, 1981; Panush and Delafuente, 1985) - #; ¥} 7 /K & 4% 7 = > Halver

L
B
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(1989) 5 45 th 4 & FCHAM M R GAE LT 004 Ko tp 3 A 17 hAg ey &
B TRERTEAT  RaAR FHAE ZCHE T TUR G & A
RGN ~ GRS A~ B E B e ik F(cytokine) & B VA Bk BLER
¥ 4 48 /1(Li and Lovell, 1985; Liu et al., 1989; Navarre and Halver, 1989;
Thompson et al., 1993) > i H 3 fu#s & (Durve and Lovell, 1982; Li and
Lovell, 1985; Liu et al., 1989) » #r#% (Navarre and Halver, 1989; Suzuki and Ai,
1989; Wahli et al., 1995) A & K % ¥ & & (Hardie et al., 1991) #5> & < 1 52 7%
BRI T ©

3-10. A% & (choline)

T e - 721862 47 vy 4% Bl 1L % K Strecker 5 37, 36 v 7 & 64 NE 7+ o ol 2R
SEREFI3 BT RIE S o 4 AIERR ALEF #0544k EBEE - 1866 4 » Baeyer ;A AL
Tom M » EMER eI RAER - AAANTLERE AT > M
AT AHETROARE Y AHNERLEBARRNZ—  #hots
JitL 12 4 #5phosphatidylcholine - lyso-phosphatidylcholine#zsphingomyelin ¥A &
B2 7% J7 #plasmalogenfv 4t 42 1% 3 4% H acetylcholine % o

JE B & v9 48 R, 4 A (trimethyl-beta-hydroxyethylammonium) » it H &3
HEG AL o WA E AR > pH 8~9 » choline f1 A4 & 3 F» /7 2 Km {4
&30 uM (Zeisel, 1990) » 7 B AR FRBAM K > o EREME > FRTZ
FEARARRRE  BARPIT M MERMT S FREEGMH X GAE - 12 )35
Ay BRI BB 6T X G AR E T -

Rt RSB LRM  BES BTN BREALEE R RITA
AR 2 BACRAEE - @ R R MA T afbtE (acetylation) ~ f 4Lk
JF(oxidation)-#f= 5% & 1t.4F H (phosphorylation) -

B o BE B £ ARE T 48 Bl 1t 4£ Al i methylation pathway #»CDP
pathway (cytidine diphosphocholine pathway) 4 & % PLC (phosphatidyl-
choline) » PLCHE A 5 I dh % S BEAS o P Bh IS # dm f F 00 A SR RS 4938 80
A M > YaoFeVance (1988) B 5k 380 » AT FT o ik b9 41K 5 2 I8 & & (very
low density lipoprotein, VLDL) % 7 1t ¢4PLC » 4& ggCDP pathway 5%,
methylation pathway & & 5%, © [ #b > FFBEAE & i B Hih BS 4 5 % E AT 4 o
CAEMIE P T NIRRT R A BRIE T 0 35 R ZNE AR BT R 5 1 RJIE W AT B
% FTONERAAE LIS T2 — -
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JEd e B R Rl kg 2L R & B R AZH RS > Mk SRR
RIRAEERARLEMRITED PTEIEG DR - IERALITA M 4
¥ 2y fE 4o &k — P i (Zeisel, 1994) °

R~ JEMA LT A2 A el

BT X187k

choline Jedgy » HAMASHE T > TRETFR

betaine LW ARGtk 2. B a7

acetylcholine BAY AR Y

phosphatidylcholine 1. B4 Ry 2. BAF P 230 VLDL i}, o= 20 484

platelet-activating factor
lysophosphatidylcholine
sphingomyelin
lysosphingomyelin
glycerophosphocholine
phosphocholine

BPAF (o NREAGE F) - BA R EZH M
AEPKC2 L2 5 =3k

L. A a2 B4 E TRk A5 RE
FE A REEZH e

B T

E d P 1 4m B 5 75 K,

'Source: Zeisel, 1994.
’PKC: phosphokinase C
3-11. p &% (inositol)

Scherrer 71850 4y L A F 4~ #k & ULEZ(inositol) (GRAS, 1973) - ALEZ
H—fEGEedd Rk AARKETASZHABHKRERLE - )
i a8 & #5RR H (phospholipids) » o 72 A% 4% 0 4 F R % 44 B2 (phytic acid;.%
LB dghexaphosphate ester{t. & #) A K « J ¥ v — B A 4 4 7% 4 ¢4 Zmyo-
inositol (cis-1,2,3,5-trans-4,6-cyclohexanhexol) o ALEEFo fJE iy — 4% » & 4 4 0%
PR R A B 2 A o L REA 3 5 fn b b 2k A% ALEE(inositol
phosphoglyceride) & X, % 7 -

VLA o B AT TR BUBRIE H VLEE 481 T — b X HHBAR b 0013 SR 1E ik
(Mathews and van Holde, 1990) - #| F IS HLEE A &L e ik F R F A AW
18 — 28 3R 5% (secondary messengers) » vy {& 4a i P P Y 48 BT % 77 04 45 FE AL
& o AR E & & % B C (protein kinase C){& 43 2 04 % & K #81L » W
Y dn fe, P36 BAZ > do t e VRERSE MR B EHEA - -

LBE A A RS N Ay LD 8 0 BR TR &R BAR F o915 3R Rk 4h > R
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LA (1) AR 4m fe 5 Fo I8 & & 69 54 18 B A #(Chu and Hegsted, 1980) - (2)
o & & # g B T(lipotropic factor) » [5] B LA &4 #8 g 75 M o JE i B 1L 1E &
& mx oy B A A8 R 64 4 F(syngeristic effect) o (3) 4k #plasma membrane 49 7 i%
#I¥ M > B Bfphosphatidylinositol 49 % JZ % 82 1t & (highly charged
phosphorylated forms) =] 3 & 4w i k& & 3, £(cell-surface phenomena) o 15 & —
28R 8 o (4) 7T 3R B 4w e PN 45 64 17 8 M (mobilization) - #] Jf"PI effect" 4t 4a jif,
B2 ¢gphosphatidylinositol turnover &4 3% o i 32 % ¥ 4a fi P 45 )2 JF 04 34 o
(Berridge and Irvine, 1984) -
4. kA BEFELX

TR E By 3T M R AP T 21941 SF sk B 46 o £ BlSchnerger 45 3% Kk
HAA & f2 B AR A S8 sk @ A A R M R AR > ERR AR A NEA
4 & £B1 42 B (thiaminase) f7 5] AL 84 o #5.74£1945~1947 s F] » McLaren %
AAEFEEE b A&~ B & @ ~ WM~ IR A BB LT R R S R A
*t 0 3% &2 R K(growth response) 2, 47 #} 1% #(food conversion) %35 4% £
HEAEELE FZRMAREF R - AmMcLaren ¥ AT X E K& RIE
B BRANAUMNAFRIERITRTEAF A - BR(H
1950 ) Wolf%= A st B & & ~ &G ~ HEAZ RN - aiuis T - 44
o ORME ~ EBA hA g A R AR R KR A 0 M A£1953 FHalver
AFWolfZ By m A B 1% > — A J|IRT 8 G4 4 & 2 2 &3X5% - Phillips
F19ST S OAF S S S M A 095 R — AT ey -

KESGMHHAE FH FRETIE AWM R ~ B RESE - #Afta
B R FRTHRE > LFIKE Siheh 8 B R KRR RE 8 43t
B WEVFELERETZIMYOR LA o 6 Shiau A A£1990 4 - B
WHIRFEALBLEAEFTEL  RTFEHFABAAFRLI MR
ZRARS 0 RE—HHRARERAIIGAEEIEAZ R BB F TN RE R
FEREE > RIEKREGHHBEA FOTR - HRA R QA LW egsp 4
FERMR > MELZIHEAFTRREOHEA T -

KREGHZEEARALEFRALEZLSCE T FREKESY
IREAFSHARRRER  ATHR THH KA H SFEGE F 20
BEREDFNNG > BIFLMTF R E Y G L5 R R — 5
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4-1. % % FA

W R Z M2 FAR > 4 4 B R k(photophobia) ~ R Bk (pop eye) ~ &
P F(cataract) ~ 4 f% i1& ft(degeneration of retina) % JE 4k » 4L @ik R B E K
BAGRER D A NILR o & QAAFBIML I ZIE SR FIHAERZ

RE N REGMERZ A FAZ A

Species Deficiency Reference
%2 &(Cyprinus carpio) - A B Bk s R E e Aocetal, 1968
PG & SR SR E o~ BRER Sk & sz Taveekijakarn
(Oncorhynchus masou) EN %b KR4 - B sak etal, 1994
3L & &(Poecilia reticulata) Ky B ¥ K v &% Shim and Tan,
éﬁ% N }ﬁfnﬁ B R & AE - 1989
7T #(Ictalurs punctatus) T F g >~ RIE ~ BR$ &~ Dupree, 1970
s #(Salmo gairdneri) /5 55’( B &4k ~ IRIRR B~ Kitamura et al.,

ERNKIERE Tk~ 1967a
,.-,uj’%_?&\ﬁb ~ BRFo 3R

£ &3 Ak B E T Heetal, 1992
(Litopenaeus vannamer)

B B H RETHE S MBET AR Alava et al.,1993
(Marsupenaeus japonicus)

ik MR A ALK ~ gy Chenand L1994

(Fenneropenaeus chinensis) ﬁ; SHERM R S B

%~ BERE RN~ BT S
X-0rgan 2, 7~ B #§

— KK R A FAZE K E4.41,000~20,000 IU/Kg diet » &%
K & 4eE W % (Seriola quinqueradiata) 7] 19,000 TU/kg diet (kW) - £ %38
7 & » Shiau#eChen (2000) 35 & ¥ #(P. monodon) $h¥ Z 4% XA E R &4
8,400 IU/kg diet °

Fv9 s RAEBMZ A FAT R

Species Requirement Reference
(IU/kg diet)
7T &&(Ictalurs punctatus) 1,000 - 2,000 Dupree, 1970
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%2 & (Cyprinus carpio) 4,000 - 20,000 Aoe et al., 1968

3L &(Poecilia reticulata) 2,000 - 4,000 Shim and Tan, 1989

K G # & &(Salmo salar) 2,000 - 2,500 Halver, 1989

$1 #8(Salmo gairdneri) 2,500 Kitamura et al., 1967a

4 ¥ (Seriola quinqueradiata) 19,000 Shimeno, 1991

¥ B R 120,000 - 180,000 Chen and Li, 1994
(Fenneropenaeus chinensis)

3 3% (Penaeus monodon) 8,400 Shiau and Chen, 2000

d FAL—IRIEMB AT > MBS BRI AME AR FM 0 #
KESGMTEALRRBE - MR B FWHLE FAKF > €4 KRB -
e EIGhe ~ H AW ~ &R L6 3, %(Poston, 1971; Hilton, 1983) » 2 #r
#54% A %5 % G B (Poston and Livingston, 1971) 3% & ¥ #% iz # (Eckhert and
Kemmerer, 1974) ¢4 414 FHiF » T 0 3R B B 44 FAM P AR R - 4)
tb B @& (Paralichthys olivaccus) #B B % by 4 4 AR R E&% ~ 4848 &~ E
% 64 5 B8 7 mx(Dedi et al., 1995; Takeuchi et al., 1995) - Chen#$nLi (1994) 3% #
W% ey E FAFRI 0 1% % P B ¥ ¥ (Fenneropenaeus chinensis) % & % 3,
T e R ARG
4-2. %2 %D

ek D2 0hIE AR B K45 ~ K BE ~ B RS RIE R ARAL S A
BIEF o KREFHWIRT AR T B AG#T » FBF S RMEBEA
EIF P AR RN A KD o RESMZ A FDEZ S HA KT -

KA~ KEB W Z ek FDZJEK

Species Deficiency Reference
¥r #8(Salmo gairdneri) BEETH s fatr k5 FH% -~  McLaren et al., 1947,
JFRYL T/ ~ B3~ ALy Ashley, 1972; Lovell,
R P Z TR A S 1989;Post, 1987,

- 9 Snieszko, 1972
o #5(Ictalurs punctatus) BERMDY S Ak E Robinson, 1984; Lovell,
1989; NRC, 1981
X & % (Oncorhynchus A ETHE -84~ Fia Halver, 1982;
tshawytscha) B~ LA JE B S ) Lovell, 1989

45 -4 ~ AKB R A
X % ¥ & #&(Salmo sala) oA 4t R Y Snieszko, 1972




KEBMZBEEFTFER 1T

EAETRKRE G HH A FDZF Koulidkoc o GRRTFRUET
% %4k %D (McLaren, 1947) - stk 4 4 #DH T X Eyipeg A W sk it R +
ok % » {2ShiaufeHwang (1994) 3% % 3 35 414 ¥ 8 5840 i Av e & 5D > 35
HIR T A B F RRFPEHEAFDZE KB 0 T AR P R
# B (alkaline phosphatase) &M/ A48 4246 KA FD K > AR XL RKFFE
¥k 8 4 4 £D F K # 49 .40.1 mg/kg dietz R o

RN~ KREBMZHEAFDEF R

Species Requirement Reference
(IU/kg diet)
A 3T %38 #(Oreochromis 374.8 Shiau and Hwang, 1993
niloticus x O. aureus)

#2 & (Cyprinus carpio) NR NRC, 1983; Hepher, 1989

#r #8(Salmo gairdneri) 1,600 -2,400 McLaren, 1947
800 Barnett et al., 1982a
2,400 Hepher, 1989

#4 ®.(catfish) 1,000 - 4,000 Andrews et al., 1980
2,000 Lovell, 1989
500 - 1,000 NRC, 1983

77 & (Ictalurs punctatus) 500 Lovell, 1980
500 - 1,000 Robinson and Wilson, 1985
1,330 Hepher, 1989

#t & (salmon) 2,400 NRC, 1983

3 3% (Penaeus monodon) 0.1 (mg D3/kg)  Shiau and Hwang, 1994

NR: no requirement

WA FDAS AN SEAE £ BREBRLTBS > THRARAKRMRKRE - TF
S B OBE & 4 rr % 3, & (Halver, 1972a; Robert and Shepherd, 1986) o 427k &
Bt RERELEZDFHERBS QPE -
4-3. 4 ¥E
EMh FESZ R R & E AR B - AR BHEF R R
B ~ fn ik & & H & 4938 fu(Watanabe et al., 1970a) ; 3 &(Ctenopharyngodon
idellus) & % & HJm ~ B 4737 % (Takeuchi et al., 1992) ; &89 # 4 B & i
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T 3 he ~ K& 1& F(Watanabe et al., 1981) ; K & & &(Oncorhynchus
tshawytscha) & % BRIKR R 4 ~ K ~ o IRAEFF ~ B ofe ~ f24 ZRHBHK ~
TP IE R~ MR A #4k & F(ceroid) o AE ~ s A& T (Woodall et al., 1964) -
Htl & A he 288 ~ T #(Ictalurus punctatus) ~ # & % 38 &(Oreochromis
aureus) #r Z 4% FERF > B A LA X4 ~ 2B & - MR A KT 0¥
FER > RELZEHILT - REGH B4 FEHRZ ZmRIA KL -

kb~ REGMEZ B A FEZ JEHK

Species Deficiency Reference

k1 #8(Salmo gairdneri) BERA KBRS B~ JEK ~ 4 Watanabe et al.,

K # & 8(Salmo salar)  fo 3R R RER(BP B 4o 3RIE) ~ 4 1970b; Hamre
Ik B B (Fpdr ik A R % and Lie, 1995
B E) b IRAEES RETE - B R
MEGIL A K~ & BRI E( A
BHEMER) BETBAARL

7T #&(Ictalurs punctatus) B EE s & ERE B AFE Wilsonet
fr~ BT~ Rk E LA XA al., 1984

B & %38 &(Oreochromis %45 ~ R Z B8 & ~ B2 R R & K3 %  Roemetal,

aureus) A 1990a,b
K & & 8(Oncorhynchus  BRIREH ~ JEK ~ &b 3RIEFS ~ 82 Woodall et al.,
tshawytscha) # 2 AR Ak ~ BRI A ceroid UL AE 1964
&z @ (Cyprinus carpio) LA 348 ~ bT ~ sk £~ RikjE Watanabe
S CBMERT SO ~ BamppiRib > Bhdw et al.,1970b
ikl

Cowey % A(1983) 4% & 14 & il(herring oil) 2 43+ 18 fy B B » kot
Z 44 £EF K& 45 mg dl- a-tocopherol/kg diet » % 3% 448 H &
B 515%% 0 R4t FEE K& 410 mgkg diet o TR A 45% (1% cod
liver oil + 4% stripped lard) i by 2 ¥4 4% > /& K w4 £ FE 2088 340 8K 38
B AmBaMRkHRBEEEL  EARMKEAEKENM - E A
4T o BROR A B A B £ o 4E 350 mg/kg diet s B 4K E K 2 (Wilson et al.,
1984) - Bl a5 A4 FEGHE & BN ) AL M > AR Ar240 mg
vitamin E/kg diet£% % >~ 21,000 mg vitamin E/kg diet & & Wy Bp 7T A 3412
W & 14 LA 69 B4k 7 M(Gatlin et al., 1992; Bai and Gatlin, 1993) ° # 3
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&3k @.(Oreochromis niloticus x O. aureus) #£ vA £ K i B & & AFih(1:1):8 4
o AEAEFAHBE AR RPN EREE A3 mamAH SAETR
Ao RN ER » A S RIBHL TR TR » BREHS% H I &5 6
RIEERZDmE 5 Ml e & 512%0F > AT i & 8% ¢4 5% X s &(Chou and
Shiau, 1996) - [H gt » Shiauf=Shiau (2001) 44 7 £ & — F a4 % > 53 A%
BA2% g i T  MER R I B4 A FEWNE Ko 5] 442-45 260-67
mg/kg diet » AT ERFEIEE R T > SMHHA FENERLEMZ
BE - HRAFKEMT  FHBHNS FRgeE FENFRLIERMME R
B AR S 1% 8 By b 0 4k & RE F K2 % o0 78 36 /w5~7 mg/kg diet » it
AR BAZ Y o M4 FE AR A B 3R% & L A A 48 Rk4E A (Hilton, 1989) > #%
LHBEEHRBEACE ML L E R Mgt FER R R LNILEA
#4n B oy J(free radical) ey - Rub e AR A X L FREAY
BE > A ¥Fiu ik iE 84648 i (Bell et al., 1985a; Murata et al., 1996) o #% % —
FRYMLS G BENSER > NALANEZBEERD FHAEZA
& AL MBS MR BB 0 BB ey Rt o A RE AT T o W
$E4R 095 & A 1R 3% X iE4A B t(Lanno et al., 1987) » & ¥ ¥ a5 i 44X 3 248
Y6 R 7R &4 F % 2 &8 (complex) » & 13 #3147 2 A4 4 7T 4| A M %
& PP e gk PR R J9 00 AL 8 B 4728 & AR 3 v o 1 R i
Z 2 3, %(Hilton, 1989) » b =T i R MBAR PP 4R PR R 0 F 0944 4B
S A TRERKRFGEASENERELE FEHRZ EX A4 » g b
J&(Salte et al., 1988) -

FRIRE R T E 0 A FE T A Bk & R 48 Fo IS By BRE 4 B b Ak
GAb - BRI YA FEXE XS MEN AR AN EBET ESE
T BRI » A FEARAFR TR X AL Z 0 B —
s AR T TR RIS EAAMEEEYEHL FEN TR
% - Kanazawa (1985)35 3 #) #% (Marsupenaeus japonicus) ¥} 4 4 #E w4 &% i
% K& 4200 mg vitamin E/kg diet - % i & s (Litopenaeus vannamei) vA3% F.
Rty BA% ik VE & £2 ki g AR H4 4 RE Rl F K7 499 mg/kg diet
W % A R P 4 4 K E R e & 425 mg/kg diethd T FE By ok 4 B
(mitochondria membrane) = 4,1t ; i Av& %100 mg/kg diet b = 78 By 4 ks B i
(microsomal membrane)x &4t » A & ¥ T8 55-60°C iR 5% 05 04 AL E A 47408
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% vy £.1/t(He and Lawrence, 1993a) - Hsu (1998) 4t} s sd 44 £#C R 4
A FEZ MR EERE— S TR BRE R E £C (C) R BREEL
4 & FCHT A H(C2MP-Me) 1k & KR I > 5482 Cl RC2MP-Mg #4642 & ¥
W ko A FE X 4 i\ BA 4 & RB 4945 ) A ST BB X TBA
M Hah AC1>C2MP-Mg » |5 B B sk & %95 8 4 4 £E 408 adl- a-
tocopherol » 7 L K ST BRSO A7 BF 0 3L 4 4 £E 34 1dl- @ -tocopherol 7 #&
# #(Hsu and Shiau, 1999b) » b2 % — 45, o %K ¥4 ¥dl- @ -tocopherol &4
B IF] F) Z A 7 R — F IR

A EFENTRERRIF SR AIHNE o0 RUHIRIH
FH P A FES R BRAT QA - A By Rk R
X KB AE F I BACE A B o RAEKR A Y G A FEXT
KRR FIA RN -

EANKEGMZ s FEE R

Species Lipid level Requirement Reference
(mg/kg diet)
7 & (Ictalurs punctatus) 25 Murai and Andrews,1974
5% (1% cod liver 50 Wilson et al., 1984
oil, 4% lard)
#2 & (Cyprinus carpio) 5% cod liver oil 100 Watanabe et al.,1970b
K % ¥ & &(Salmo salar) 35 Lall et al., 1988
5.6% PUFAs 60 Hamre and Lie, 1995
K 8 & &(Oncorhynchus 5% herring oil 30 Woodall et al., 1964
tshawytscha)
¥r &4 (Salmo gairdneri) 15% herring oil 100 Watanabe et al., 1981
# &, % 38 #(Oreochromis 3% corn oil 10 Roem et al.,1990a,b
aureus) , 6% corn oil 25
4 &, % 3R & (Oreochromis 6% lard 25 Lam, 1985
niloticus)
2 37 =38 B (Oreochromis 5% 42-45 Shiau and Shiau., 2001
niloticus x O. aureus) 12% 60-67
Sunshine bass (Morone 28 Kocabas and Gatlin, 1999
chrysops x M. saxatilis)
Korean rockfish 10% 45 Bai and Lee, 1998

(Sebastes schlegeli)
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3 3% (Penaeus monodon) 5% 200 Takeuchi et al., 1992
£ M & #(Litopenaeus vannamei) 8% 99 He and Lawrence, 1993a
it i ¥ (Marsupenaeus japonicus) 200 Kanazawa, 1985
4-4. % £K

WA N T A SR KA FK o 2 A AR RN SN e
AT & MBI R PTG IBLE BIFb B SNRAe - R L OB A &
Kz sk 28 > A% okt 88 —fR SIS Z g A Ao ~ 28 K Bt do B

Bl(Halver, 1989) o d&r &4k 5 3 A KA 8% b 2 & £ 3, %(Kitamura et al.,
1967b) 5 i &4 & 3, & JE H o 64 B Z(NRC, 1983) -

B B0 88 B HE B AR T A e 4 A K69 54 % (Halver, 1989) » ##8
QA B R4 BIA R N 44 K (Shiau and Liu, 1994a,b) » &8 K & $)4
Hed FKGFE L2 37150k -

RIS KEE M2 Mk FKE R

Species Requirement Reference
(mg/kg diet)

# & (salmon) 10 Halver, 1989
#4 & (trout) 10 Halver, 1989
# &(Salvelinus namaycush) 0.5-1 Poston, 1976a
#% ®(Gadus morhua) 0.2 Grahl-Madsen and Lie, 1997
T & (Ictalurs punctatus) NR Murai and Andrews, 1977
%z & (Cyprinus carpio) NR NRC, 1983
3 3 (Penaeus monodon) 30-40 Shiau and Liu, 1994a
¥ B #f % (Fenneropenaeus chinensis) 185 Shiau and Liu, 1994b

NR: no requirement

4-5. 4 % £B1

HRAEL A MBEG A BAY 2 A SR B0 £ RO RR 0 Mtk A EBIAS
RACSHRB TR BE A G oML FBI T 4 mab @2 g ¢
B MERR 2 Ok 0 B R EBIs 28 - Bl kB R R T RN E A KT R
Boo HFE LB T 0 BlekZ B E 4 6498 4k o i A7 (beriberi) - €1 % R 4t
BETR BT ~ AR R RIEAVE K o M KE GBI ZIERH IR+
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RBYBARLETE REATALWEALATEREG LA L8 %
% o

R+~ REB MR Z A FBIZIER

Species Deﬁciency Reference

%2 & (Cyprinus carpio) ~ APLEBRE S B & R R Aoeetal., 1967a

#r $8(Salmo gairdneri) Ek{ﬁ‘ ~iEE iéaa‘? - BY G SR Morito et al., 1986

T &8 (Ictalurs punctatus) BEA S REARE ~ B & SeE Murai and 1978a
% & T8 B

K #F & & (Oncorhynchus R % £ ~ PLA X4 ~ T4 B Halver, 1957

tshawytscha) FIEFRER

B K #%(Anguilla japonica) BERGE S RERE - a8 i‘E,;ﬁJ_ Hashimoto et,
R~ EE K~ BHYE al.1970

*# 3 (Penaeus monodon) BRE S REARE ~ TR 75‘: Chen et al, 1991

ZiMurai #eAndrews (1978a) 69 #F 52 PR THAHBIZ 2@ TR EF41.0
mg/kg diet o pbohdE & ~ S #f - 4o B2 R 3R & (Oreochromis mossambicus x
O. niloticus) ~ Xt B & (Scophthalmus maximus) ~ X % & #(Oncorhynchus
tshawytscha) ~ 3R B 3R Y44 FBI1E R E TR BT H(ER+ ) ©

i+— - REBHZHEAFBITE

Species Requirement Reference
(mg/kg diet)
@ & (Cyprinus carpio) 0.5 Aoe et al., 1969
7T #&(Ictalurs punctatus) 1.0 Murai and Andrews, 1978a

héﬁﬁ(Salmo gairdneri) 1.0 Morito et al., 1986
4r &, 3k 3L 2 38 @(Oreochromis 2.5 Lim and Leamaster, 1991

mossambicus X O. niloticus)
% 4 # (Seriola quinqueradiata) 11.2 Shimeno, 1991
X b B &(Scophthalmus maximus) 0.6-2.6 Cowey et al., 1975
K & & @ (Oncorhynchus tshawytscha) 10-15 Halver, 1972a
3 38 (Penaeus monodon) 13-14 Chen et al., 1991

31 & $8(Marsupenaeus japonicus) 60-120 Deshimaru and Kuroki, 1979
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4-6. 4 4 £B>2

B8 4 FB2sE 2 g 09 BT 32 46701960 ~1970 44X, - Murai#fe Andrews
(1978b) gt %2 45 3, » PAs Z Botg MR R T 88 —+ 8 1% > & B 2 BLIRAE
JE S RERETEAREFIKRFRE B RkESGMBE L FB2sZ E7 A+ = -

R+~ REGMEZ A FB22 &k

Species Deficiency Reference
%2 & (Cyprinus carpio) & JB YL 0Y o Takeuchi et al.,1980
R~ k&%
7 85 (Ictalurs punctatus) BRIBIE ~ MEIKT AR Serrini et al.,1996

BRI ~ AT FD-

aminoacid oxidase

AR S A TEH S 3 - JRE - Soliman and
(Oreochromis aureus) B4 g Wilson, 1992a
41 88 (Salmo gairdneri) BRE S ‘A% ~ #3815  Takeuchi et al.,1980
R=A]

4r @, 3 3 2 38 @.(Oreochromis 4348 ~ A ~ &K% Lim et al., 1993
mossambicus X O. niloticus)

K % & & (Oncorhynchus BT s R ERE Halver, 1957
tshawytscha)

A A #&(Anguilla japonica) G~ AP - &K Araietal., 1972

% 452 (Penaeus monodon) ¥ 38 R MLBY K b K Chen and Hwang, 1993

feSerrini % A(1996) 8451 %2 # 4 8L > 4+ 7 w4 mg B2/kg diet 42
TESE  ARBERET AR LTKAE A5 ZE > MaAH F IR I6 mg B2/kg
diet B > THTEINRTRAZI RE > b s ~ it ~ 236~ VigA 3
BE A A FBz REE KE(R+2) -

Rt= - kEWHZ gL FB2E R

Species Requirement Reference
(mg/kg diet)
%2 & (Cyprinus carpio) 4 Aoe et al., 1967
7 Takeuchi et al., 1980

T & (Ictalurs punctatus) 6 Serrini et al., 1996
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X & & B(Oncorhynchus tshawytscha) 20-25 Halver, 1972a

21 88(Salmo gairdneri) 3-6 Woodward, 1983

4r &, 3% 3L = 3R &(Oreochromis 5 Lim et al., 1993
mossambicus X O. niloticus)

B & 2 3¢ @(Oreochromis aureus) 6 Soliman and Wilson, 1992a

3 35 (Penaeus monodon) 22.5 Chen and Hwang, 1992

¥t 8 $(Marsupenaeus japonicus) 80 NRC, 1983

4-7. 2 &

KEEB M Z LB > ERCRRETRIOLA SRR
Wmin g RIBITH SRR BRENHA S &R & B E Bﬁﬂ%
M FEEGRESENBETEARE " BRTEARERELE - KRR - I E
TR AT & VA B T AN o ARk #E(clubbed gill) & B 4% & E(NRC, 1981,
Wilson et al., 1983; Butthep et al., 1985) o #8J% 7& F #74% 38 & 5& 4o W M 9% B BT
Bl > 1% 2k AR & 3% BR £ Z P 54(Ashley, 1972; Bell et al., 1985bc; Poston and
Page, 1982) o & K M askym A R R HME A » HARSBH L EME
AR89 dy #E3E TR 3 4 09 3, % F Fl(Ashley, 1972; Bell et al., 1985b,c; Poston
and Page, 1982) © 42 Z 2 MR A0 m B 0 B e T X b M P A B RS
R R Z T 1%%*%%%&%»Lmﬂ%wﬁmmﬁfﬁ

WoeommEREmELIBK  BEEARER L > RATIRFRERD
52, —(Wood and Yasutake, 1957) -

ZE A BRI R T AR AR &4 KT L F 8 5 & #(Phillips et al,,
1945; McLaren et al., 1947; Halver, 1957; Ogino, 1967; Murai and Andrews,
1979; NRC, 1981) - Fisher (1960)4.35 £ F sZ 440 #HF 5 Zih m# & 4B
B KRAEAGMBELZRZIERLRETLEEART T -

ktw -~ REGBMZZBEER

Species Requirement Reference
(mg/kg)
#1 #8(Oncorhynchus mykiss) 10-20 McLaren et al., 1947
20 Cho and Woodward, 1990
B & 2 35 & (Oreochromis aureus) 10 Roem et al., 1991;

Soliman and Wilson., 1992b
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] 8 (Ictalurus punctatus) 15 Wilson et al., 1983

7] 8 (Ictalurus punctatus) 10 Murai and Andrews, 1979

%2 & (Cyprinus carpio) 30-50 Ogino, 1967

X -F ¥ # &(Oncorhynchu spp) 40-50 Halver, 1972a

% H#(Seriola quinqueradiata) 35.9 Shimeno, 1991

£ 88 (Chrysophrys major) 10 Yano et al.,1988

Mexican cichlid 80 Martinez et al., 1990
(Cichlasoma urophthalmus)

it #f #% (Marsupenaeus japonicus) NR Kanazawa, 1985

% 35 (Penaeus monodon) 101-139 Shiau and Hsu, 1999a

NR: no requirement

4-8. A BB

—fx kb B A% & iR BR(tryptophan) 4% & AR BR 0 19k K E B4y 548
WIRAMBAPTIRA] - KREDMEZ A BB EERREE T LOTE - RE
BB 2 Z e R+ BFTS] o

ktA > REGWEZ BB EHR

Deficiency

Species Reference

McLaren et al.,1947
Halver, 1957

k1 8§ (Oncorhynchus mykiss) #2348 K > 12 R € 4 a4k
KBk & EH KA - KRG~
(Oncorhynchus tshawytscha) i J& 8 ~ X3 F 3R K JiE
%2 & (Cyprinus carpio) EB R b s BT ER
A A& #k(Angulla japonica) — EHH AT ~ Fde ~ B
B~ B EAMB LR

Aoe et al., 1967¢
Araietal., 1972

77 #(Ictalurus punctatus) SHRHTES B~ BER Andrews and
BB R AR H e~ T 3R Murai, 1978

KUt @R - RIRIE
MAEE ~ 2 EFHR -
fR T4 ~ Bk ~ &
B R R B

3 2, @ (Clarias batrachus) Butthep et al., 1985

2 3% = 3R % (Oreochromis
niloticus x O. aureus)

BT E S B~ SR
18~ BB kA g H 4~
BERARRFRA

Shiau and Suen, 1992
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BT ook E Bh 2 A RERE K& Bl R+ 5B 7 o AaRBERFT R84
OS5 EEANACRRERAETRAAN  LLES RILSHK G H]
4w #% A8 AE Fl(glycolysis) ~ pyruvate dehydrogenase complex /&M ~ %14 X 4532
(Kerb's cycle) ~ # 3 #% #f 3% (pentose phosphate pathway) 5| & 7 1% i 4%
(electron transport)fv &, 1L & 1t(phosphorylation) % 4t 2 g & o & #a%H a8 7k
Lo A R Lo mARARRZIEZL  — kw5 » &Y TE#
RARZ B RACE My o Bl By AR R AR A 5 T & H B2 skt
o4 0 15 4e F) ) & 64 4] (Furuichi and Yone, 1982a,b; Anderson et al., 1984;
Tung and Shiau, 1991; Shiau and Chen, 1993; Shiau and Lin, 1993) - K b7k &
DA RBNERELECRAR FRAMNAODHBEZ TR AR » 2
— A M Z 7R - ShiaufeSuen (1992) F Z 35tk » $ RILLLTH HAE LA
66 # RREF » L EARRER 60 R 1 % K 826 mg/kg diet 5 &4 T L
BRAL S ROREF > L AARERE R F A 4121 mg/kg diet - B8 &35 & H R
RERAE R SR HEAF P RIS YR Y RE R A PTEE

Ko REBHZHRBRBRTE R

Species Requirement Reference
(mg/kg diet)

&1 8(Oncorhynchus mykiss) 1-5 McLaren et al., 1947
10 Poston and Wolfe, 1985

7T #&(Ictalurus Puncatatus) 14 Andrews and Murai, 1978
7.4 Ngetal., 1997

%2 & (Cyprinus carpio) 28 Aoe at al., 1967b

# H# (Seriola quinqueradiata) 12 Shimeno, 1991

2k 3L =38 ®(Oreochromis 26 (glucose) Shiau and Suen, 1992

niloticus x O. aureus) 121 (dextrin)

Ep . #& @ (Heteropneustes fossilis) 25

i1 & 38 (Marsupenaeus japonicus) 400 NRC, 1983

3 ¥5(Penaeus monodon) 7.18 Shiau and Suen, 1994

4-9. 4 % %£Be6

KES M A FBeX e AR LT o GBS HAE
B6iF » HLymik £ B b @M FEst > ot PR - W s FETEHE



KEGMZ A FFER 27

(Ikeda et al., 1988; Kissil et al., 1981; Kitamura et al., 1967b; Wu, 2000) -
Catacutan #vDe la Cruz7»1989 64 5 52 45 R8T > & M 4 %k #B64 2 05 »
b R P I Rk fa s, 23398 5 Deshimaru FoKuroki (1979) 8| 4 37,31 85
WAL FBRZ A HRTEGR L

R+L -~ REEYHZ A FBeZ g 4K
Species Deficiency Reference

kr #8(Salmo gairdneri) BB iE ~ BB - AT - BefE A Smith et al., 1974;
BB BBELAEH kA ] ~  Hardyetal,
iE %o @5, % & f(normocytic  1987; Kitamura
normochromic anemia) - it & -+  etal., 1967b
Hrib 74k~ RIERHLA # &€ Herman, 1985
BRA MKk mETE S E
TR I E A X

K % # # #(Salmo salar) T R ATHKRE B9
¥ RAFIEAG § Brik oo dn K30 7E

J& 7T R (Takifugu rubripes) ¥ & & 44K, Kato et al., 1994

¥ 25 % 9t(Channa punctatus) %k iE4% -~ &~ L% & & L #530k Agrawal and
Ay e K AF > swe k¥ Mahajan, 1983
he o FADNRAEAK S b R
(hypochromic microcytic anaemia)

B 7 3K %, b JE (Leukopemia) »
HATE T A EG KA ~ RAEESF

b R A S EH kP I HmcE o g Limetal, 1995
(Oreochromis mossambicus % & #3751 ~ 5% » R & ~ 4%
x O. niloticus) B8 i T M oy £
#4,46 & (Oplegnathus REHAL - R EFHS Pk Tkedaetal, 1988
Jaciatus) B EEKF o RKAT 5%
T
4> 58 #8(Sparus aurata) 4 EiBLE S H Tk k48 Kissiletal, 1981
"R~ GEZGHRATAANHEE
Bl i%Ap 42 R &
] & (Ictalurs punctatus) EH kS AL EFE -~ g - 2 Andrews and

3 1 Murai, 1979
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# #(Clupea harengus) TR B %S~ A - L g Blaxteretal,
Mg X >~ mrrr 1974
AT
# H# (Seriola EEy kA - A& %A - Ho Sakaguchietal,
quinqueradiata) o R EAAT "B H  LR 1969
JE  AARM
%2 @ (Cyprinus carpio) FE3EE ~ ZecF ~ A& %P Ogino, 1965
3 35 (Penaeus monodon) W &% N BE & R fa i, 2 IR 7L Catacutan and De
la Cruz, 1989
Bt 7 $8(Marsupenaeus 4 RBE R ZHTE Deshimaru and
Jjaponicus) Kuroki, 1979

REE N HHEE FBety T R @RGSR ~ SR AEMN R~ #
ERF AR RTATAR - AR T EAT S ERCB T LA
FB6tIFE R — T HEAGHKRMFEMERSEL FBe T K 0 AMHw
3 e B Fo 04 &M o ShiaufoHsieh 741997 F ey | &E P 3t - 38T IR
36 828% F036% 0y & G H B 0 44 £Beay K E 2 5] 41.7-9.5 mg Bé/kg
#915.0-16.5 mg B6/kg » HATHE + ey d et X 75 M - @18 ¥ 44 ABe /R &
8938 hu i £ It - Wu (2000) £ 35 35 & % 52 #.(Epinephelus malabaricus) Fo 3 3
BEBRYTITAAAMGER - KREGMH G4 FBooY F RERA KT\ -

FHAREGMZHE FB6E K

Species Requirement Reference
(mg/kg diet)

%2 &(Cyprinus carpio) 5-6 NRC, 1983
48 (Chrysophrys major) 5-6 NRC, 1983
T & (Ictalurs punctatus) 3 Andrews and Murai, 1979
Xt B #(Scophthalmus maximus) 1-2.5 Adron et al., 1978
4 88 #8(Sparus auratus) 1.96 Kissil, 1981
K %5 4 & @(Salmo salar) 5 Lall and Weerakoon, 1990
T &8(Salvelinus fontinalis) 10-15 Halver, 1972a
8 #(Salmo trutta) 10-15 Halver, 1972a
K % # & (Oncorhynchus tshawytscha) 15-20 Halver, 1972a
4% & &(Oncorhynchus kisutch) 15-20 - Halver, 1972a

1 #8(Oncorhynchus mykiss) 2 Woodward, 1989
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3 % 238 &(Oreochromis 1.7-9.5 (28% CP)  Shiau and Hsieh, 1997
niloticus x O. aureus) 15.0-16.5 (36%CP)

4 @, 3k =35 & (Oreochromis 3 Lim et al., 1995

mossambicus x O. niloticus)

3531 2 % y1(Epinephelus 1.27-2.89 Wu., 2000

malabaricus) :

% H#(Seriola quinqueradiata) 3 Shimeno, 1991

Ep F #4 % (Heteropneustes fossilis) 3.21 Mohamed., 2001

3 B 38 (Marsupenaeus japonicus) 120 Deshimaru and Kuroki,

1979
3 3% (Penaeus monodon) 105.10-131.50 Wu., 2000

CP: crude protein

4-10. £ ¥

— T E  FRABAKEE S B R R)RAKRE(E ) AT
MER  HEHARRENR o | sk 2 A E oA L RIBLE
JRR % g2 4k (Castledine et al., 1978) ; i@ sk 3 A E & A 4 Rik 2%
1& ~ B oo BATHE P B2 & & M % 4% (Lovell and Buston, 1984) « K & &)4h4e %
A M EZ KAk T o

REH o~ KREE M Z A MK 25wk

Species Deficiency Reference
# #5(Salvelinus namaycush) k¥ £ » # kik 4% B IF+ €4 Poston, 1976b;
glycogen-type 44 & it & % Poston and Page,
1982

7T 845 (Salvelinus fontinalis) Rk E 0 ki B P4 Postonand
glycogen-type#y & £ 4 » %4  McCartney,
blue slime disease & &£ HAF +4y 1974
acetyl CoA Apyruvate carboxylase

H VAL TR A T T
s $8(Salmo gairdneri) BB~k EAREKERE &
JBHRE% % - %5 - wcxigz Castledine et al,,
1978 Woodware
%2 % (Cyprinus carpio) Ak ¥ Fie K 0 s and Frigg, 1989

AEA g % o %45 % +xE Ogino etal.,1970a
MR T
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B R 2(Anguilla anguilla) 4 EBERNEFRHBTITS Lovell and Buston,

1984
7 & (Ictalurs punctatus) B ~ A EEHE L - kJEsae Robinson and
Y% ~ B B - BT $pyruvate Lovell,1978; Lovell
carboxylase 7% 4 84 I 1K, and Buston, 1984
3 7, &(Clarias batrachus)  BR& ~ ## Mohamed et al.,
2000

BATHAREGMI AN EFFTRENARB L SR A F TR
% 40.02~0.03 mg/kg (Ogino et al., 1970a) ; #1 &(Salveliaus namaycush) ¥} %
M E ey & 8 E K249 50.1 mg/kg (Poston, 1976b) o s #8 ¥F 4 M £ 04 R
# 7R % A 0 A ShiaufoChin (1998) 45 & ¥ Ak 7@ F KE52.0~
24 mglkgdiet - k =+ P LB AT LA REGMEAMFIFRE -

Rt - REGMZAEMETEK

Species Requirement Reference
(mg/kg diet)
# #8(Salvelinus namaycush) 0.1 Poston, 1976b
41 89(Salmo gairdneri) 0.25 Castledine et al., 1978
0.08 Woodware and Frigg, 1989
%2 & (Cyprinus carpio) 0.02-0.03 Ogino et al., 1970a
2.0-2.5 Gunther and Meyer-
Burgdorff, 1990
7] #(Ictalurs punctatus) NR Lovell and Buston, 1984
+# 4 (Seriola quinqueradiata) 0.67 Shimeno, 1991
3k 3 % 3R &(Oreochromis 0.06 Shiau and Chin, 1999
niloticus x O. aureus)
3% &, & (Clarias batrachus) 249 Mohamed et al., 2000
¥ ¥ (Penaeus monodon) 2.0-2.4 Shiau and Chin, 1998
4-11. ¥8

Ky bRz EBRGERER KT ELR A £ o 2% §Thymine &
purine 89 & RAERE B ¥ 0 — LR 2 M L KDONA ZRNA 894 R 2 3%
B e ERKRAEG M Z ERE > FRAS BRI R RE L
ZEHE AL - FHHREB HRHAERBRLER KR - ABAY
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R E K2 ¥E3H P 0 Catacutan FuDe la Cruz (1989) 48 vA 335 i 35 VA £ 3 88 2
RIS RIE > BRRZ ERCE TR eBREERYE - REGWHERZ

ZIEN AR =—F—
Rk —+t— ~ KREGMHRZ ERZIER

Species Deficiency Reference
X 8t #(Oncorhynchus kT fE ~ Bekji (Letheragy) -~ Halver, 1957
tshatcytscha) B e s A M

¥r #8(Oncorhynchus mykiss)

77 &8 (Salvelinus fontinalis)

#2 & (Cyprinus carpio)

T #5(Ictalurus punctatus)

K #%(Anguilla japonica)
£p 2 #2 % (Labeo rohita)

26 %% % (Oplegnathas

faciatus)

3 #(Penaeus monodon)

R%ETH
T E >~ PR EAF s B~
BT { R E%ER ~ ’R& T
B gnr o~ A RRR
CEREEE S IREOR Y AR
f}j’ﬁﬁ/{ﬁ&k s BRI IE RSB
H RS b fn BR
et BB S fnirF AT Rt
BT BB R fo 3R A% A
TR Z 4o o 3R
i IREE ~ GhIREE Rt
%@%QW%T%
FFRE ~ PR ~ SRR BB 63y
G s EWsc o IRIE > fo IR K
INTRRDIE ~ At BRBE MR R E 4o
R¥E S IE
AR RAE ~ RBRIR ~ B B e
E % fm f bk B e

jﬁ?

%

4;@

ARSI B T
Fé “‘ X;ﬁf] & @ﬁi
G R da il A A R 8

Kitamura et al.,
1967b; Cowey
and Woodward,
1993; Smith,
1968 ; Smith and
Halver, 1969

Phillips, 1963 ;
Kawatsu, 1975

Sakti Vel et al.,
1990

Duncan et al.,
1993

Arai et al., 1972

John and
Mabhajan, 1979

Ikeda et al.,1988

Catacutau and De
la Cruz, 1989

Ikeda % A(1988)fnArai 2 A(1972) » 4 5| 4t 4 #8328 & (Oplegnathus

faciatus) & B X #&(Anguilla japonica) YE 4T3 8L £ 2 L RAE M B 3R

BB AR

ZEBZ T BB REARGEEHRITEE M AKEL TERE
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#H %% o st Cowey Fo Woodward (1993) 6457 52 ¥ 45 5, » & 4R T ko 48 435
BROGE K R 2 EMa s d 0 BT AMENR KT R ER AT
Ko KRAEBYHERY TEINA R+ = - Aoe £ A(1967d) #7F 7 2 & 4 3
BT ko AR AR TR TR BEM 0 LT AR AR N X AT
VA 4 i% 3 B:(Kashiwada et al., 1970) o 7 Shiauf=Huang (2001b) &4 #F 5 & 4 3,
B A B AR TR e B o KA MR T R SR — Y
B3t o

R—t=—-~KEEBWZERE K

Species Requirement Reference
(mg/kg diet)
T #&(Ictalurus punctatus) 1 Duncan et al., 1993
k1 #8(Oncorhynchus mykiss) 0.3-0.6 Cowey and Woodward, 1993
] #(Salvelinus fontinalis) 5-6 NRC, 1977
X % & &(Oncorhynchus tshatcytscha) ~ 6-10 Halver, 1989
4% & % (Oncorhynchus kisutch) 6-10 Halver, 1989
X % ¥ & #(Salmo salar) 5-10 Halver, 1989
4 H## (Seriola quinqueradiata) 1.2 Shimeno, 1991
&2 & (Cyprinus carpio) NR Aoeetal., 1967d
## % %38 &(Oreochromis 0.82 Shiau and Huang, 2001a

niloticus x O. aureus)
3 #%(Penaeus monodon) 1.9-2.1 Shiau and Huang, 2001b

NR: no requirement

4-12. 4 % %£B12

Kashiwada% A £1970 35 h e & A5 N T o4 £ £B12 > M
Limsuwan FeLovell (1981)3%.4 =T &4k N M LA & a4 4 FB12oyohfg > 12
A S RETREAGASLEER Mk &2 R %(Dupree, 1966) ° Shiaufw
Lung (1993a) 5 3k L R30 M m AT AR Bk FB12 Bm &
H AR FBRINR Ao o Sugita A(19912) 45 8 g 44 kB2o gt
FriE N EMZ A RREZREAM » R T dEd T o mEE FBR2GME
EHERAHEAEFBRA FREN EESZ B Y 0 KEAEF T RN
4 & %£B12 (Sugita et al., 1990; 1991a,b) o /3 #5438 F # & £B12 2 & il i
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Heg %40.2 mg/kg diet (Shiau and Lung, 1993b) - K & &4 ¥ 4 4 B2 48 3
IR = mAAH TR RERNIHER -t -

Rt =~ KEGHWEZ 44 FBLR2Z E 4k

Species Deficiency Reference
K 8 & & (Oncorhynchus BT S 3k E B fimsr£4  Halver, 1957
tshatcytscha) TRHBR B E > TR
Aot 3R A
7 #&(Ictalurus punctatus) RETE S 3BT B Dupree, 1966;
NRC, 1983
Ak 8(Anguilla japonica) — REFME A EF R Arai etal., 1972
Ep & &2 % (Labeo rohita) Bpk~ RETA{E - g0 226 - Johnand
ExRMEf - BFEGLIREH Mahajan, 1979
B g AT B R S tr F 4 Mahajan and
(Channa punctatus) F % John, 1981
B RE & ARRTE ~ RERE Ikeda et al., 1988

(Oplegnathas faciatus)

k=tw - REBYZ A FBRE L

Species Requirement Reference
(mg/kg diet)
K % # &(Oncorhynchus tshatcytscha) 0.015-0.02 Halver, 1989
4% & & (Oncorhynchus kisutch) 0.015-0.02 Halver, 1989
+# H# (Seriola quinqueradiata) 0.053 Shimeno, 1991
%2 & (Cyprinus carpio) NR Kashiwada et al.,1970
# 3% 2 31 %.(Oreochromis niloticus NR Shiau and Lung,1993a
x O. aureus)

% 3% (Penaeus monodon) 0.2 Shiau and Lung,1993b

NR: no requirement

4-13. #4 %C
BAEFCHRSHB NI L THA]T B ERA > QAR X

ZR A YRE o B BRAEFEG YT R AR S RMEE FCH

Bl 4 B £ 408 BRI BS LB & (L-gluonolactone oxidase) » i & 7% | 474
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A #% £C (Yamamoto et al., 1978) - /iy H3F % $h 43 Rk #0644 %C >
Wmnu&%z FEKEHREHFETARLAERRP TR BRITAKRL
BRI G A RC o ABE AR Z O -

ﬁﬂ#%aﬁiﬁc’@mmﬁé%%éi$&ﬁ%’§ﬁ*é%%
ZHRZENRAR TR - HR G A FCEA BRI EETR
@%:ﬁk@@’ﬁm’ﬁ~%~&%&%ﬁm’ﬁﬁ&ﬁ’ﬁ%§%
&> FENBEL > BEFD > RkkéE > RE R BIBRETET > BR
SREHE B RERATE FRERGATES -

R=+tx~ REFMRZ A FCERK

Species Deficiency Reference
8k & #(Oncorhynchus KMEAT Ao a0y > EK o 44 Kitamuraetal,
kisutch) MBRIR G H o et AR 0 1967b; Halver,
#r #(Salmo gairdneri) N mE R A KRR 1972b51982;

7T #5(Ictalurs punctatus)

A K #2(Anguilla japonica)

white fish
(Coregonus lavaretu)

BRI &
(Oreochromis niloticus
x O. aureus)

¥t & 38 (Marsupenaeus

Jjaponicus)

BB R ARG R
FoOBRARTE  BORS
i

Rk IREE 0 BRE 0 E K
ﬁﬁﬁ&%w& oo b W

&> BREEF > BERART
FEL > dudm A %’f&

ARG R #e R R K
Ar > F 3

SR oM BRER L 0 B
MMk o FBE ~ T IASEM

B EEPE 0 b BRI RE
R R AAES > B
M AR R I

WAk ik ~ TSRS 2 A
&R EF R G B 5T

Halver et al.,1969;
1975; Sato et al.,
1978; Hilton et al.,
1978

Wilson and Poe,
1973; Andrews
and Murai, 1975;
Lovell and Lim,
1978; Li and
Lovell, 1985

Arai et al.,1972

Dabrowski, 1990

Shiau aﬁd Jan,
1992a; Soliman
et al., 1987

Deshimaru and
Kuroki, 1976;
Iwata and
Shigeno, 1980
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3 3 (Penaeus monodon) FUBAE S BEAE S fEd R 5% 2 Lightneretal,
RE & F 0kt 1977,
£ M & #(Litopenaeus Magarelli et al.,
vannamer) 1979;
Hw N $8 (Farfantepenaeus Heinen, 1984;
californiensis)
b 48 ¥ (F. aztecu) Catacutan and
Lavilla-Pitogo,
1994;
%R E B K (Macrobrachium Montoya and
rosenbergii) Molina, 1995

MM AR Z A FC > FRAEMAKER  FOBERA T B
Lightner % A (1977) % 3, w2t $& (Farfantepenaeus californiensis) ~ 3t 153
(Farfantepenaeus aztecus) % & ¥ (Litopenaeus stylirostris) & = 4 4 £CHF » &
RAEBEE ~ BB~ MARBFHRECEZRAZ & E MR L > FlikeyMagarelli
%/\(1979)@, S N S 2 4 FCH > R E R AR o Htheg g
#8 6, #% 32 7 3% (Deshimaru and Kuroki, 1976) - ¥ #%(Catacutan and Lavilla-
Pitogo, 1994) ~ £ & ¥ (Montoya and Molina, 1995) ¥4 & 3% Kk & K #
(Macrobrachium rosenbergii) (Heinen, 1984) £ #: % 46 4 £CrF » b B E
IR o BINLARERE > mHBAHRZI G A FCIF > B EE -
T AR AR 2 5 B (walking leg) i 3, 4& & &, 1~ iE % 49 R & & 3t Zh(Deshimaru and
Kuroki, 1976; Iwata and Shigeno, 1980) - A3 £ &ty & » R T 44 5C 2
HIHBATRATRVE  BEWHL RCAT » L ERIBREARKEIZ G
B % #(Kitabayashi et al., 1971; Deshimaru and Kuroki, 1976; New, 1976;
Kanazawa, 1982) -

KEEGMY B EHRERB T AR TLE M@ g4 4 5C
(Magarelli et al., 1979; Conklin, 1983; Catacutan and De la Cruz, 1989; Shiau
and Jan, 1992b; Chen and Chang, 1994) » A& K Fdek —+<Ff7] - R >
B AME 4K E AR BT dk B e 4 4 £C Aascorbic acid (C1) » M E 48 %
2R AR T, BREET  HABE . ARRAARFRN T A%
A4 ECE M8 KF 48 % (Hilton et al., 1979; Lovell and Lim, 1978; Soliman
etal, 1987) - m H A ZH WA REFER  FEATR ER AR RE
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etk BAz s o sk £C (BrCl) 2 7% M 48 % 17 5 iE75% (Shiau and Hsu,
1993) o & 7 AR LM LFER > HFRAR Ed oy TERIACEELH X
A% 2 AL A I /X L-ascorbic acid<# B F A2 2 —a 5 F Ex ek
(OH group) ° 75 ak 4 4 £ C 474 #(Seib et al., 1974; Tolbert et al., 1975) >
A E4A FCHEAFZ R 2l - 4 FCRALMBIETEMZ LN
BEH ALK —Fw e

RUEFH P FXERFEFT-ZANHE  HARERRAIBAEE
CHTAMAEKRESMBNZAARET R HEACERIFEHE RERA
T HEHATETAEYZFERKKDNIBRF L  C2MP-Mg (1)>C2MP-Na
(84%)>C2PP (64%)>C2S (25%)(Hsu and Shiau, 1997; 1998; Shiau and Hsu,
1994) o 373 28 % 70 % R E By # R Bl 4 A FCAT AN | K6 R 7] 5T 3R

2 o

kot kEBHMZ L ECER

Species Requirement Reference
(mg/kg diet)
4% ¢ #(Oncorhynchus kisutch) 50(C1) Halver et al., 1969
X % ¥ #(Salmon salar) 10-20(C1) Sandnes et al., 1994
k1 #8(Salmo gairdneri) 100(C1) Halver et al., 1969
o @8 (Ictalurs punctatus) 50 (C1) Andrews and Murai, 1975
4 3% ®(Sciaenops ocellatus) 12-18 (C2PP) Aguirre and Gatlin, 1999
sunshinebass (Morone chrysops 16-28 (C2PP) Sealey and Gatlin, 1999
X M. saxatilis)
3 % 3R &(Oreochromis 79 (C1) Shiau and Jan, 1992a
niloticus x O. aureus) 41-48 (C2S) Shiau and Hsu, 1995
37-42 (C2MP-Mg) '
63.4 (C2MP-Na) Shiau and Hsu, 1999b
# & %35 8(0. aureus) 50 (C1) Stickney et al., 1984
4r &, % 3% %(O. niloticus) 420 (C1) Soliman et al., 1994
O. spilurus 100-200 (C2S) Al-Amoudi et al., 1992
3 ¥i(Penaeus monodon) 2,000 (CD) Shiau and Jan, 1992b
210 (C2PP) Chen and Chang, 1994

100-200 (C2MP-Mg)  Catacutan and
Lavilla-Pitogo, 1994
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40 (C2MP-Mg) Shiau and Hsu, 1994
157 (C2S)
106 (C2MP-Na) Hsu and Shiau, 1998
¥t & 1 (Marsupenaeus japonicus) 3,000 (C1) Deshimaru and Kuroki, 1976

10,000-20,000 (Cl)  Guary et al., 1976
215-430 (C2MP-Mg) Shigueno and Itoh, 1988

£M & $ (Litopenaeus 90-120 (C2 PP) He and Lawrence, 1993b
vannamer)

/w9 2 (Farfantepenaeus 2,000 (CI) Lightner et al., 1979
californiensis)

4-14. JE &k

BERIEMM A A e N B TR A e 128 B & d AR gk
BRABRLTEE A CE A FRERE  BEREFEGLCHRE FLAL
A YN A o — BB K F & rdemethionine ~ vitamin Bi12 ~ folate -
lecithin % 42 18 X 3 » T4 K IR MERR 2 4 78 S 48 %A A RE B 4 &g 9P
I8 (lecithin) S ALAX 3 ANME di 2%, o 'F 51l B2 (methionine) #2 46 7 K A 15 i
Z AT o Bim LRI RY FH S A Medr > QA A K
R BAFEELBEM T RILA A N AR H74 H(Zeisel et al,,
1980) - Hpb AZa3t EIERIEMRE T L2 F K REAEFTHEGRDBIR
TRIAECHSBZEHEA -

R REGWMFR|EPIE > FR P RERG T € T E
BRABAL ~ N FFBERR C B AA RBEHERE - BHKE Bk
Z MR E R R —FEATE o

k=t~ REGMRZIERIER

Species Deficiency Reference
A 3% 35 #(Oreochromis Adn 3 B S R T Shiau and Lo,
niloticus x O. aureus) 2000
7] & (Ictalurs punctatus) FFRE K ~ B RS ~ B2 &% Dupree, 1966
b
% & #(Acipenser 4 R B~ R E £ ~ #2% Hung, 1989

transmontanus) VRS R~ = H i B EE RAK
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%2 & (Cyprinus carpio)

# f8(Salvelinus namaycush)
#r #8(Oncorhynchus mykiss)

% 4 (Seriola quinqueradiata)
A8 (Chrysophrys major)
4x 3% #(Sciaenops ocellatus)

w1 7 ¥ (Marsupenaeus
japonicus)
3 4% (Penaeus monodon)

JIg i BT~ BB S B 38 dm

ok #E
R R AT ~ £ &2

Mk AR HRHET R

B i o

PR e~ BRI R R

Mok £~ BT ES
BT R R R F

HiERE S RRE

B RE b gk dm i H BLER T o

Ogino et al, 1970b

Ketola, 1976

McLaren et al., 1947
Rumsey, 1991

Shimeno, 1991

Yano et al., 1988

Craig and Gatlin,
1996

Kanazawa et al.,
1976

Catacutan and De
la Cruz, 1989

BATHT RAKAESMEINERG T KRR A EHEH R L miEmy
WAl &y > AR RO A IER KT P e i B L E =W,
B BACam&RKAEGMIIERG T REI AR =T\ -

Rt KEBMZIERE R

Species Requirement Reference
(mg/kg diet)
3 X 53R & (Oreochromis niloticus 1,000 Shiau and Lo, 2000
x O. aureus)
%2 & (Cyprinus carpio) 1,500 Ogino et al., 1970b
4R # %(Oncorhynchus kisutch) 600-800 Halver, 1957
# &(Salvelinus namaycush) 1,000 Ketola, 1976
% & #(Acipenser transmontanus) 1,700-3,200 Hung, 1989
¥1 #8(Oncorhynchus mykiss) 714-813 Rumsey, 1991
T #(Ictalurus punctatus) 400 Wilson and Poe, 1988
e A% B4 (Monrone saxatillis 500 Griffin et al., 1994
XM. chrysops)
yellow perch (Perca flavescens) 598-634 Twibell and Brown, 2000
48 (Pagrus major) 500 Yao and Vance, 1988
4 ¥ f(Sciaenops ocellatus) 588 Craig and Gatlin, 1996
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% - (Seriola quinqueradiata) 2,920 NRC, 1993
P ] 45_ [23 l@(Salmo Salar) 430-1,300 Poston, 1991
3 3% (Penaeus monodon) 6,200 Shiau and Lo, 2001

6,400(5% lipid)  Shiau and Cho, 2002
7,800(11% lipid)
52 i #2(Marsupenaeus japonicus) 600 Kanazawa et sl., 1976
¥ 8] # #%2 (Fenneropenaeus chinensis) 4,000 Liu et al., 1993

A E R 4G A A R FLX HHFe T B lE R (methionine) ~ %3 #i(betaine) A
2 gp A (lecithin) 47 ] > B st > AT (IS A s ag de s e A ML L Bl 44 -
(1) Methionine

Wilson#oPoe 7 1988 4 £ i i 64 8% 2K 5 F % 1, ¥ #% & (methionine) T
PASE #9080 E i % K - Ogino % A(1970b) 7k 7 2 B % & (casein) & % &
KR BY fE SR B P RS B P 4 tymethionine VT £ 49 42 @ 09 JEER F K o 1991 4%
Rumsey £ &z 8 04 3 & R ¥4 5, > BEdk o % R 3£ 7 € #methionine p7 i
Koo BIEsR ey & KA RAFHE B o
(2) Betaine

# Kik(betaine) & FALAE R KA ey B4 0 HAM N TRMABRRZ
— 0 HE RAER T B FT P 3t k35 Hbetaine &0 28 B K& 0 2k A
PR Z R B LFET T o H s RS &P o JE ik fibetaine 2 48 B &
TRELEARGER -

Rumsey 721991 4 & 8 64 385 F 5 7 H st 44 ¥ A 5 Fbetaine i &
B E R 2Nl B L E KR I L 0 12 % 8 F dYbetaine ST A B ML &
PP R 2 T R R W) AR 5 LG fbetaine T AL B #) = 0 X — it el
TR EEROTRZLEFELDMAK -
(3) Lecithin

Hilton % A #1984 4F 78 3% Ak B KA #F 2 F 35 1 > 4hF 52 9 5%
B (lecithin) < 43 #} 7 fi§(#] kacapelin oil 44 lecithin) S s i i » 8 /A A 4M 5
/mlecithin * DeshimarufeKuroki (1979)3% & iz i 88 T A 474 & & JEdr > i 7
FHSN Ao o A WUAE R flecithin 2 1 4 48 B M A A 4 IR AR HR3T ©
4-15. &%

MEBRGY SR Z B R R AANEAF AR XA RAIMALRE & &
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% R(lipodystrophies) » &2 &% H| F iE % 64 I8 H FE £ 9% VI8 & & 69 T
oyl o R AANBMBTR T > N BEIMER Z R K o AL RE
Z o F BT i &y AR RIRT 0 BT AT R ILER S
FlEFABE N IR T A AT M RMBFE tn  Amk V O NLBE A TEA T K o

Bl Ak 3 7o N Bk A B 0 45 T o 2 DLBRRG4K A K R R 8N RO R
% % 3(Woods and Hegsted, 1979) - {2 H 5 i+ J WLEE 64 42 Bp €6k V' (Burton
and Wells, 1976) - 3% 4% 48 ¥A4n 4 (neonatal) 64 /) §.6~72 K £ Z I B2 45 ¢+
Foo b ok LB R G BR 2 JE IR 0 AE A AR AL Bk b AR AR L ER AG IR A R U Y
#, %(Burton and Wells, 1976) ° £ 7Kk & Eyth 7y d » 4045 3R S F8 5 B8+ Rl
Ao UEE B ¥E R B AR A S Z JE Ak o McLaren % A(1947) 37 5% dr 6 64 IUAS £ 2.
JE MK Fe B 38 64 88 )5 HI(fin rot) 89 5E 4K A IF F AR 4L G & 4L o & 88 (Yone et al.,
1971) ~ % % (Arai et al,, 1972) ~ #63#% & (Ikeda et al., 1988) - 4+ # (Hosokawa,
1989) ey ALBR SR 2 JE LHE R TIR ~ B ~ AR AR ~ 8~ RS E -
BHEEHERF -

Holub % A(1982) 4 s i do R 7 4R ANLEE » 0T P @ E MR Z P4
Jig By ELIE Bl 8% ~ = H b IR 8 4% % 7 421§ H (phosphatidylcholine,
phosphatidylethanolamine, phosphatidyl-inositol) 4% - Yone % A(1971) 5
o OXMESRZERRBET R KFIEORE > AHNBEITRES
550~990 mg/kg ; H ¥ ULEEZ F K RE 4 #) 2 48 2 F(10~40% 4t [F) 38 o
7 £ 9} o mHalver (1972a) 4z 3% Yone = #F 72 i, & » 0.4 1% £300~500 mg/kg Bp

o o BAE SFI MBI ZIE K =+ HPTF] -
Rt RE BB ZIEEZJER
Species Deficiency Reference

k1 $8(Salmo gairdneri) JRAIE ~ A& K4ENE ~ 444k A sk McLaren etal., 1947
R ¥ & (Salmo salar) % ~ JE# A5 t(choline esterase) 7%

M AR, ~ # %(transaminase) 75 M

Mgk~ AP P MIEE ~ IER B2 =

Wi EE e~ BEEIRE T %

BEEWE C BRIE S TR Aoe and Masuda, 1967
#z &(Cyprinus carpio) BE =%~ k%% Arai et al.,, 1972
A A& (Anguilla anguilla) & & &8y ~ RBAKT ~ A& Yoneetal, 1971
248 (Chrysophrys major) & £
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EAERAEGMZIEE T REFIA K =+ o d2 5B I E R AR 2 ILEE
EFHER A+ 558 0 g2 B A BT A48 E EAONLEE 0 bR A B AT
T 2A 6 m LEE(Aoe and Masuda, 1967) » 1278 F MR AH L WULEERF > 42 R 2 I&
BIHHBEUEFTAE R A48 RET 2T %6 ILEE - BurtlefvLovell
(1989) 45 s JsT 84 AT Jik Ao B 18 4T AR 6 PR VLB ©

¥4 #8 v 5 » Kanazawa % A(1976) 25 3,55 fh s e ILES 42 2 BF » 48 vg 3]
B R PP % RS 0 R RS 5 B R ULER K E 42,000 mg/kg diet -
DeshimarufeKuroki (1976) 75 35 i 3% & #8740 #8 X WLEE F K& 42,000 mg/kg
diet °

k=t - KEBMWZINEET K

Species Requirement Reference
(mg/kg diet)
7 #&(Ictalurs punctatus) NR Burtle and Lovell, 1989
b #8(Salmo gairdneri) 300 McLaren et al., 1947
X %G ¥ & & (Salmo salar) 300 Halver, 1972a
%2 & (Cyprinus carpio) 440 Aoe and Masuda, 1967
2488 (Chrysophrys major) 300-500 Yone et al., 1971
+# H#(Seriola quinqueradiata) 423 Shimeno, 1991
5 # #8.(Marsupenaeus japonoicus) 2,000 Kanazawa et al., 1976

4-16. Hpk X7 &

i 2 2K ¥ 82 (para-aminobenzoic acid, PABA) Z ¥ 8 ey kiyr2— * H
4 14 32 PABA £ & #: & % J&(provitamin) @ 12 ¥} A8 7 SPABA 47 7 LA 4
AEEN S RAEARZAWRENRCRERERITK

Je K & By ah 45k & % i mPABA > [2PABA BTy % 64 4 32 Zh 88475 R
B B8 - Halver (1957) ZKitamura % A(1965)32 APABA ¢4 i n L G ¥ 8 &
#A(salmonid fish) % A 4=47 % % » AocefrMasuda (1967) 4% 3.PABA it 1 3 4%
&2 & 09 ik o {2 & McLaren % A(1947) % 3, % dr 4k Z PABA K€ & BLAS by
FFedseak > BE A% E L% 494100~200 mg/kg diet= [ - Philips A
(1963) &4 3, 77 4 s Z PABARF » @ 4 32 M6 4rfn SRBCA IRV 09 H & > {2k
B, 5 2 g 0y BT 52 P 3t Rk B 3 (Aoe and Masuda, 1967) - PABA ¥}k & &4
ARG ABREEH Rty E > 2H0HKRAR > AHFE—- ST -
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common carp
rohu

channel catfish
rainbow trout
brook trout
brown trout

lake trout
Atlantic salmon
chinook salmon
coho salmon
cherry salmon
red sea bream
gilthead bream
yellowtail

red drum
flounder

turbot

walking catfish
grass carp

white sturgeon
hybrid striped bass
sunshine bass
malabar grouper

blue tilapia

red tilapia
hybrid tilapia
red hybrid tilapia
tiger puffer
Japanese eel
white fish

Cyprinus carpio

Labeo rohita

Ictalurs punctatus

Oncorhynchus mykiss(Salmo gairdneri)
Salvelinus fontinalis

Salmo trutta

Salvelinus namaycush

Salmo salar

Oncorhynchus tshawytscha
Oncorhynchus kisutch
Oncorhynchus masou
Chrysophrys major(Pagrus major)
Sparus auratus

Seriola quinqueradiata

Sciaenops ocellatus

Paralichthys olivaccus
Scophthalmus maximus

Clarias batrachus
Ctenopharyngodon idellus
Acipenser transmontanus

Morone saxatillis x M. chrysops
Morone chrysops x M. saxatilis
Epinephelus malabaricus

Channa punctatus

Clupea harengus

Oreochromis aureus

Oreochromis niloticus
Oreochromis spilurus
Oreochromis niloticus x O. aureus
Oreochromis mossambicus x O. niloticus
Takifugu rubripes

Anguilla japonica

Coregonus lavaretu
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yellow perch
Mexican cichlid

guppy
parrot fish

Indian catfish

Korean rockfish
white-legged shrimp
kuruma shrimp
giant asian prawn
grass shrimp

Perca flavescens
Cichlasoma urophthalmus
Poecilia reticulata
Oplegnthus faciatus

Heteropneustes fossilis

Sebastes schlegeli
Litopenaeus stylirostris
Litopenaeus vannamei
Marsupenaeus japonicus
Macrobrachium rosenbergii
Penaeus monodon
Farfantepenaeus aztecus
Farfantepenaeus californiensis
Fenneropenaeus chinensis






