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Table 1-1. Composition (%) of the test diets

I di Diet No.

ngredient 1 2 3 4 5 6 7
Casein*! 30 40 45 50 55 60 70
Dextrin 43 33 28 23 18 13 3
Pollack liver oil 5 5 5 5 5 5 5
Minerals*? 4 4 4 4 4 4 4
Vitamins*3 3 3 3 3 3 3 3
Amino acids** 7 7 7 7 7 7 7
Cellulose b} B} 5 ) 5 b} 5
Agar 3 3 3 3 3 3 3

*1  Vitamin free casein: crude protein 94.4%

*2  Minerals (mg/100g dry diet): Ca(H,PO,),+H,0, 533; Ca lactate, 1333;
Fe citrate, 133; MgS0,+7H,0,533; K,HPO,, 933; NaH,PO,-H,0, 333;
AlCl4+6H,0, 27; ZnCl,, 80; CuS0O,+5H,0,40; K1, 27; MnSO,-4H,0, 27.

*3  Vitamins (mg/100g dry diet):thiamin<HCI, 10; riboflavin, 40; pyridox-
ine*HCI, 10; choline*HCI, 1500; nicotinic acid, 150; Ca pantothenate,
100; inositol, 518; biotin, 1.0; folic acid, 3.0; r-ascorbic acid, 500; cyano-
cobalamine, 0.02; menadione, 8; a -tocopherol acetate, 160.

*4  Amino acids (mg/100g dry diet): .-phenylalanine, 0.6; L-arginine*HCI,
1.3; L-cystine, 0.7; L-tryptophan, 0.2; r-histidine-HCI-H,0, 0.2;
pL-alanine, 1.3; Na r-aspartate, 1.0 r-lysine*HCI, 0.6; r-valine, 0.7;
glycine, 0.4.

To 100g of the dry diet, 200m/ of distilled water was added and the pH of
diet was adjusted to 6.9 with NaOH solution.

FEIL 720 BIRHIEBRAAEON T % (J2HE) 2HA%ELE L1 Ha % 2o T Lz,
3 RAEHEB ELAE

AREHFEZI0H BT, SEBXOEER (weight gain, %) = 100 < {KAEHEINE(g)/
HERBIGISDATE (g), BIREIE (feed conversion efficiency, %) =100 < {KELEHIE (g)/
WBEINE (g), X7 /37 E%h%E (protein efficiency ratio, %) =100 ¥ {K&E N5
(g)/fRy /X BEINE (g) 2kl 5k, FATFARMIBRS X O 7RSS EX
o 5B OEND L, 2RO AN 2T, $RDEL, X5 EDOLRIEEH
VIR L TH—IBG Lickk, SHDEEH S &I 3820l L THMTICH L, 2 e hoF
BEaskdic, RBREGHLE THICET 2 20KOH Y VXV AEREN Sk 37 HERK
R (protein retention rate, %) =100X{k% > X7 EighN&E (g) /¥y v/ 7 HEBNE
(g) Z=ZhThkeiz,
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I -3. Relationship between dietary protein
(casein) levels and protein retention rate
of the Japanese parrot fish after feeding for
40 days. Protein retention rate (%) was cal-
culated as “100x g gain of body protein/g
protein ingested”.
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Table I-2. Composition (%) of the Fro HEBKELUZOERMM I Table [ — 2
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Aminoacids** 7 7 7 7 WV, fAROIEEEE &R HERR & DR A B R
Cellulose 5 5 6 10

Agar 3 3 3 3 Lo 50T, EREBEEKRTHIICBT 224

1 Pollack liver oil. ROMIEEZEY S, KIFEERR (lipid reten-
*2-4 1t1 g
Compositions are the same as tion rate, %) =100 X (KIS EERER (g)/ kS

in Table I -1.
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Table I -3. Effect of dietary lipid levels on proximate compositions (%)
of whole bodies after feeding for 40 days

- ay Lipid in . Crude Crude Crude
DietNo.  giep %y ~ Moisture  tein lipid ash
Initial fish 77.2 16.3 2.2 4.3

1 3 74.2 17.4 4.3 3.8
2 5 73.3 17.4 5.0 3.7
3 8 73.0 17.3 5.9 3.7
4 10 71.2 17.2 7.5 3.4

Values are means of 3 determinations of pooled sample from 5 fish.
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Fig. I -6. Effect of dietary lipid (pollack
liver oil) levels on the weight gain,
lipid retention rate and crude lipid
content in the whole bodies of the
Japanese parrot fish after feeding for
40 days. Lipid retention rate (%) was
calculated as “100X g gain of body
lipid/g lipid ingested”.
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(Fig. 1 — 6, ©—0Q), KEREZHET T

8 %BDLGEDHNI0%DEGE LD HENIN

IEENIRAF—EE L TEMCHAIN, ¥ U 7BOEIICLR G L TVE LD &R
ANt THODERMNS, IBEEL TR VY Y ISFMAERNLEA V71 Ao EEsE
GBI, AERSHETT, REUADEEELZLEELES, WS X%EHTESI N,



INFTHREINTL A FRIABRHAD 7 SIFMEEERE LcRREROTEIFES R
F, ARy N EEENTNENDORBOEEL NIV THBGE, <574 Tid10%,
S 770 TIRE6 %, A4 =8P TS5 % TH DS, REHAOKEER, fEEREBLY
HIEDIEENRIL 2 DO THERBSLKRIITERVWY, 17/ AAREHOEHIFESEIE, b
L F M E 7 7OhETHEEEZONS, LML, OB LIEESEIIfREIEE
RO FEAEINEIRSESY, Aoy VX7 EERE, FHIL 2 VF-BEEICL->TK
ELEHTEIEDHONTVEDT, 8 0 S5 X SICFHMICRET T 2 LENH 5,

[ -3. EREAHCEIZIIRSIEEYOEESEE
[—-3—-1. EBRAE
Table | -4. Composition (%) of the test diets =P < S A O
used for determination of the optimal AR L OHBT R AT LI ke L
mineral mixture level 72o ZERfFI ORI Table T — 4 WwRLE
Diet No. WBOT, IXTIVEEEY A2, 4, 6b&

U8%&LMWBEIICHEG LIc, MEHHBLY

Ingredient

—
[\
w
1

Caseln 50 50 50 50

Dextrin 2228 2 pRRE L ANCH#E U, 70, AERBRKT
Lipid*! ) 5 5 5

Minerals*> 2 4 6 8  phi-afiko S EIT, RO I RS
Vitamins*3 3 3 3 3

Aminoacids** 7 7 7T T EAMrAE C KRR & ORIREEER L,
Cellulose 7 5 3 1

Agar 3 3 3 3

*1 Pollack liver oil. 1-3-2. EBRBREBLUER

U0 Compositionsarethesamess ) mEm EHHESLCS V0 BHE
LERIXRSIESHERLEDOMER

BEEIX A 7 O KA EERTHR L CTFig, | — TWWRL, EEREMFOAN
WRIBAD SNEh -t

FE I R TIVIBOYEREMERL IV Y VNV HDRLOMBET EHTFig. 1 -8
(@—@, O—0O) L, MERLXU Y V37 BRFRTVTN LD I 25 ILIE
PYEE 6 B DOXTHRAME R LI £, SRR NS EEBREFRUBEFREZRL, DK
EBICEREBVAEER, FRIERBL Y VX HMREEE S LSO I X5 LR
AYIOEEEZEI 6 BN HEI N,

2) 2REO—REASHERLAMIRSIESHERLORBRK

B TR T 2K D — 1T 217 - 7o kR Z Table 1 — 5 1R L7, &XEABREET40
BREGEEB LA vy A 2fikoksy, My U0 EBIUCHIBEOSEBIIEE O I 2 5 )VES
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Fig. 1-7. Growth curves. Percentage Fig. 1-8. Effect of dietary mineral levels on the weight
indicates the dietary mineral mix- gain, protein efficiency ratio and crude ash content in
ture levels. the fish whole bodies.

Va4 %BULEDOXTEBLZ EDEER LI, UL, IXTIVESGYSE 2 %OfkX
DKy EEIT 4% EDOXEIDIEL, BEASEESICHENT sMHMERLI, £/, KOS
B (Fig. 1 -8, O—0) BEAKHD I AFNVEGYEEN 4 %ELV 6 KNDEAITHXT
8 WX TlImL B AMHEAIERL, 2 ¥R TRBFTHEDL 2,

AR G i B EEEEOLEN L ZDRZIEICODVTRIL, IxT VRS
PIE i) v DORZIINEE S JOCRKIEPORBEFE 25 EEL L, FEHLOBHFTDOKS
SR ICHHEOHIRDSEBI DT 22 &, BIUHE S I C2LKOMIEES
BOWMT 2B EE2HMEL TS, GRS, N"TFP TRY CORZICK - THHFD

Table T -5. Effect of dietary mineral mixture levels on proximate
compositions (%) of whole bodies after feeding for 40 days

C Mineralsin . Crude Crude Crude
DietNo. ooy 5y Moisture | iein lipid ash
Initial fish 77.2 16.3 2.2 4.3

1 2 72.1 18.1 6.6 3.1
2 4 73.3 17.4 5.5 3.7
3 6 73.1 17.6 5.0 3.7
4 8 73.6 17.5 5.0 4.1

Values are means of 3 determinations of pooled sample from 5 fish.
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Ik EENEDT 5 2L, BRI EDS LUOLAKRDIEEEENEINT 5 ENHLMNCX
NTWb, 454 DFGICHEED I X T IVEAYEEMN 2 % TIRARIMNMISLEL I XTI
MRZLTWAB b EHRI SN,

VIFD§ERNS, KEREHTT, 41514 DOMELS L REEICHELERO I x5 IVEEG
PIOEBERIE, FI16 BEHE LI, HES &Y VHEFET BB E AV TR
HENEaMBLV=ZVUT2D I X FIIVEBEGYOEEESEIL, McCollum JEEHENoO, 185121
BotRERIMLA I 27 VEEMEHOVIEES, WINbR 4% TH -7, /2, Halver
D I 27 VRGOV IEE, v FF T BLUOF P TIEINE %, <515 TR
FAREMESNTV S,

[ -4, {BAMICEIEY I VEESYOEESER

[-4-1. EBFE

AR BLUOMBTALEIAE 1 EGERTH S, 72720, HBgEEE, 9IHAMNSIIHETO

TORRE LTce 8%, fABEKEBE0CLUTICE SO ESIcHEL, ABRHEERITHEI oH

ke EHE L7z, €08, fAEHEhD/KEF2T~20CTH > 72, 72, DO IF3, 0~5.0
ml/ L DEPHTD - 72

ABRX B L R Table [ — 6 12/R L7 @D T, £ I ViEEYOMEK I Halver @

< ZAAREEH —440%, —IEELTHL

Table 1-6 Composition (%) of the 4 “eaping 1 ~ 41243, B4 I viRSWEZN

test diets used for determination

of optimal vitamin mixture level N1, 2, 3BL04%ERAEL 1,

Ingredient 1 ZMN: y F o, MR B & RSk AT 1
Casein*! 50 50 50 50 RL7BYTH B

Dethif_l . 23 23 23 2? AEBAREH, FHEWHEB LT HITKE
Pollack liver oil b} 5 ) 5

Minerals*? 4 4 4 4 X% s B9 >MIEAMME L, BEEICR
Vitamins*3 1 2 3 _4

Amino acids** 7 7 7 7 KEBLIVEXEXRE LI, £/, 10HEZ
Cellulose 7 6 5 4

Agar 3 3 3 3 LR ERXORBEEAEE T2, IS

* 1

Vitamin free casein. DFERMN S, FFIOHEHETLIOHEHETDOZ
*2-4 itions h . . A e 2 .
i(ilo;nali)olselt[lcir; are the same as NENOBER, SRR, &8s By
EAERRDI, 5B, FAEORHICIIAE 1H&
R I BEX A R0 28Kk o A1 -

7o
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Fig. I1-9. Growth curves. Percentage Fig. |-10. Effect of dietary vitamin levels on the weight
indicates the dietary vitamin gain, feed conversion efficiency and protein
mixture levels. efficiency ratio after feeding for 40 days.
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DMER, FESRBEVS VR ENRIB2BX LD BIETTAEEZEZRL. 4, E
FIVIREWI BBV A BXICBITE I NoDOEEIEETFIODEHET TORREERKIZ2 %
X bEWEERL

2 2RKO—MEAEREEHES = VEEMERLOBRK

HXHABREGR TLOEMABT LIcA v 71 O2RED k% Table T — TIZ/RL
720 BRTEIX D —fERA M RICBEF B X R A SN - ee TORERMNS R AR, fHE
DEY I VIREMEREI2RARO MESHARICIZEAEEE LIV EEZ SR,

Table 1-7. Effect of dietary vitamin mixture levels on proximate
compositions (%) of fish whole bodies after feeding for 40 days

. Vitamins in . Crude Crude Crude
Diet No. diet (%)  Moisture o tein lipid ash
Initial fish 77.2 16.3 2.2 4.3

1 1 73.1 17.2 5.9 3.8
2 2 73.3 17.1 5.5 3.9
3 3 73.3 17.4 5.5 3.7
4 4 73.3 17.5 5.5 4.2

Values are means of 3 determinations of pooled sample from 5 fish.

VL o#R» ARDBERICEREBVIEER, SRIRBLUY X BYREEELL
IHEOEROE Y I VBGYOEBEERIT 2 %A EHEL .

IhE TREARERAENO TR S e R SEKAaD Halver BUEE AW ES 3 ViRG
VOEBEEREE, HNTF P TEN2Y%, M TP TERNI B EWMEIN TV S,



EIE AYVHFAMHAILBIZKAMES = vOEXKE™

HEOE S I VERICHET AR INETEELE LTV 2 2E0 &4 Bkaz i
BRatah, 7 I VvoBERBICODLVTHOENENHoMZEIND2DH B,V LAL, HAE
KB A2 EIERARAE L TEELSMEZ 5D 5H/KEEAICHEHT 22 DIFRIGE22E L DI
W 19 2 2 TARETIIE | HOFERN ST O N7 A al oD 5 2 £k a5k RS B K % 1
W, MY AHERICET BKEEE Y I D OEREICOWTHRETL, kEd X ORRICLE
WAKBHEY I v 2 FhFNOFEEFICL > TN —T03d 252847,

I—1. EBAGE

(1) HRALAEFRMN
VLR FRKEWNFT THEEINIPEKRE2 bg D1 v 5 A HER60E T > %2, 2000/ 5
A MKIZIA L, NEEOEKEEE Y 3 VORZELEEFNENORFRRABRER%E 6 H
S10H T T 8 ~16 MRS L. ZDMDKIRIZ22~28CTH » 1o, FEKEDHEKE
(8. 5{/min, WXEI1. 8/mind L7z, 8, AEEUIIERBGATIZ A €1 kTSt
BHIEEBXDORDKE S PREREL FHIE 2 oo icftilffHol 2 fEomico0T 2

WO FEE %217 - 720

(2) SREIHERL LHREE
BRI DA E Table I — 1IT/R L@ TH B, BAHKE, B 1 OEBRTRD:

Table I -1. Composition of the water-soluble vitamin test diet

Ingredient Vitamin mix. Mineral mix. Amino acid mix.
{g/100g) (mg) (mg) (g)
Vitamin-freecasein =~ 45 Thiamin-HCI 6.7 Ca(H,P0,),"H,0 800.0 L-Phe 0.6
Dextrin 24 Riboflavin 26.4 Ca-lactate 2000.0 r.-Arg-HC1 1.3
Pollack liveroil 8 Pyridoxine-HCl 6.7 Fe-citrate 200.0 1.-Cys 0.7
Vitamin mix. 2 Choline chloride  1000.0 MgS0,-7H,0  800.0 »-Try 0.2
Mineral mix. 6 Nicotinic acid 100.0 K,HPO, 1400.0 1-Hws-HCI'H,0 0.2
Amino acid mix. 7 Calcium pantothenate 66.7 NaH,PO, 500.0 pL-Ala 1.3
Cellulose 5 Tnositol 345.3 AlCl,;-6H,0 40.0 L-Asp*Na 1.0
Agar 3 Biotin 0.67 ZnCl, 120.0 L-Lys+HC1 0.6

Folic acid 2.0 CuS0,*5H,0 60.0 .-Val 0.7
1.-Ascorbic acid 333.3 Kl 40.0 Gly 0.4
Vitamin B, 0.013 MnS0,+4H,0 40.0
Menadione(K) 5.3

@ -Tocopheryl acetate  106.7

To 100g of the diet, 200 m! of distilled water was added and the pH of diet was adjusted to
6.9 with NaOH solution.
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45%, IEEBELTRRAY YIS SFhE 8%, IXJILRAYIE6%, 43 ViRAYE
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Lo —2%H->TREY I VRZHEE L. FHEEE I BETHENIHEERBRICT -
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T% (HE) 2~ ILOREL L1 A% 20103 THE Lk, SEEXOEERE
(B8 ZXHELTREEZINEL, BREEZLITEEE LA LI,

(3) RMEHBEFE

WEIAIES 2 B BE®RICITY, SE7 I UV RZKXOMERES X OHEZIRE ROW X & T
WLz, £EY I VORZHIEE~NOERIIIEABEESHL, 1ERFEICEXDONVIHE
(%) ZHH L7z, BEE TPV EDORZHENE SRR LI L HfranicE Sy 3
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Student® { MEEZITV, WRXDBIEMICHHT 2HEE (P<0,05F 7130, 01) Z¥EL 7,
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Fig. I-1. Growth and mortality of fish fed BeXZXKicifad®d 288 EE 2 © £ 8RR

vitamin By deficient diet. O—O, growth
of the control diet group; @—@ (0—@), &, BUE(X T, HESBEL X 0K B
growth (mortality) of the vitamin defi-
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(mortality) of the recovery test group. » )
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foo Eio, NOIEAD 2 BRI HED & EEIC




ML, 8EEHDODNOIERIZT2HWIZEL 2. %

=7 Pancothente acia E5 3 URZKDHETHR S < REIR B
E - Nt NOFERBIBYITE - 72 2 i H A S [alig
H o HBRIX AR By AU IR RS L &
Pl T Ch MAMEERNRD, RE, SR
£ O

HicAas#ICE L.

|

o

o
Mortality (%)

b. N2 FFUBRRZDEE (Fig. I—-2)
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Fig. I-2. Growth and mortality of fish fed

pantothenic acid deficient diet. Symbols 172, ~WAEfid, S EBEMWE SBEZIEY, 8

are the same as in Fig. I -1.

HEENSZEITE LD, 10HHITIE88% &
otc, 8BBEHD OB IEIEARICE T ANV EARZRG Lc 1HBITREEAE
W0, ARBIEFICREL 72,

c. E4XUB REZOFE (Fig. 1—3)
B\ RZDELIER B EBHKER S LUOMERKTH D, 6 MHED SEREMNMER L. ~0
SEEROEIL IHEHZBX THSHEALGEY, 1AMAHDONVIERIZ0% TH -7z, 8HEHD H[EE

25 25
_ Vitamin B1 o Vitamin B2
2 20 2 20~
‘2 15 2 15}
3 >
> 3
T 10 100 2 10 1100
Kol [}
o
@ ©
g ° S 5 5F 12
g - 2 =
>
< 0 = ob 450 £
@ [+
bt 4
S 5
= ] =
-0
I T N T | [
0O 2 4 6 8 1012 14 0 2 4 6 8 1012 14
Feeding period (weeks) Feeding period (weeks]

Fig. 1-3. Growth and mortality of fish fed Fig. 1-4. Growth and mortality of fish fed
vitamin B, deficient diet. Symbols are the vitamin B, deficient diet. Symbols are the
same asin Fig. 1T-1. same as in Fig. 1T -1.
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Fig. 1 -5. Growth and mortality of fish fed
vitamin C deficient diet. Symbols are the
same as in Fig. I[-1.
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Fig. I-6. Growth and mortality of fish fed
choline deficient diet. Symbols are the
same as in Fig. II -1.
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Fig. I-7. Growth and mortality of fish fed
nicotinic acid deficient diet. Symbols are
the same as in Fig. II-1.

h. E#XVB,REOFE (Fig. T—8)
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Fig. I -8. Growth and mortality of fish fed Fig. II-9. Growth and mortality of fish fed
vitamin B, deficient diet. Symbols are the biotin deficient diet. Symbols are the same
same as in Fig. 1 -1. as in Fig. I -1.
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Fig. 1-10. Growth and mortality of fish fed Fig. [ -11. Growth and mortality of fish fed
folic acid deficient diet. Symbols are the inositol deficient diet. Symbols are the
same as in Fig. [1-1. same as in Fig. [[-1.
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i. EFFUORZOEE (Fig. I-9)
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i. EBRZOXE (Fig. 1-10)

HERRRZ X DORADREITFBXICHXIEHE TROPELIRBRETH -7, 128EHICKS
EBHRGRIZE B HOREDE FONHM 2K 328D, X F R EERKICRE OB
EHFED bNfc, ~"WIHERIIGAHEN N SO hEMmL, 168HIC14%TH > 7o, 128H M
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k. 472 b—IREZOEE (Fig. T—-11)
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Fig. Il -12. Relative weight gain of fish fed diets HEOFELLESY I VB, Ny T VR
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fish for each vitamin deficient fish. I,
vitamin deficient group; WL, recoverytest kX< -7-E4% I (3B L, EAFL, i
e BHEXIUOM /) b= Th-7o LHL, THh
LHEOE Y I UEEVA L DIHEERIIN0~60%TH Y, KREDOEBREETFTIE, =
hoDEy I vOEREGRL TEVWLD TR L -7,

B, AL TRDALFES I VRZKOMEERZIE LU EROEGL L IZEALE
Cfgm &R L7z,

(3) MEMRKELUVLEFECRIIFTRZREY I VRZOE

BEY I VRZAORFIREEF = v 72 DICBXKABRK THORMEE, HiUES X
CHIFELZHEL, ZOHNICBY 22T o BAaOHE & LB L T Tablell — 2 1T/R

Table [[-2. Erythrocyte count, hematocrit and hepatosomatic index of fish fed the diets deficient in |
water-soluble vitamins

o Feeding Control group Deficient group
Deficient
vitamins period Erythrocyte Hematocrit Hepatosomatic Erythrocyte Hematocrit Hepatosomatic
(weeks) (104/mm?) (%) index(%)*!  (10%/mm?) (%) index (%)
By 8 202.0+£23.2*2 39.2+5.9 2.5%£0.2 141.7+25.8° 27.4+5.4° 1.1+0.1°
Panto. acid 10 273.3+33.3 38.8=3.7 2.4=0.6 196.7+17.5> 22.8+3.1° 0.7+0.2°
C 13 319.1+14.2 36.6=1.6 2.1x0.7 125.1+13.5% 19.7+6.1° 1.1+£0.1
B, 14 278.7=29.0 31.8+2.1 2.1£0.9 209.3 +25.5° 25 6+4.6 1.2%0.5
B, 14 278.7+£29.0 31.8+2.1 2.1+0.9 202.1=20.1" 21.4-0.8° 1.1+0.1
Choline 14 278.7+29.0 31.8£2.1 2.1£0.9 216.0£2.0 25 7+1.1° 1.4£0.5
Nicot. acid 14 278.7%129.0 31.8x2.1 2.1x0.9 216.5+22.9° 26.2+0.8° 1.1£0.2
B, 16 242.4+17.3 36.3£7.4 1.8=0.1 210.3+23.2 30.4*+1.2 2.1£0.2
Biotin 16 242.4x17.3 36.317.4 1.8%0.1 224.9+50.3 34.5*+2.3 1.4=0.4
Folic acid 16 242.4+17.3 36.3x7.4 1.8+0.1 128.5+22.4* 24.1+10.5 1.7£0.1
Inositol 16 242.7+17.3 36.3*+7.4 1.8£0.1 220.0+7.5 35.7£6.8 3.1£0.9

*1 Liver weight (g) X100/body weight (g).
*2 Means+SD (n=3).
2.5 GQignificantly different from the control group (respectively p<0.01, p<0.05).
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Table [I-3. Comparison of growth and mortality of fish fed the diets deficient in water-soluble
vitamins

Group Dpfioignt Feeding period We?g?ﬁ?z;?n* Mortality
vitamins (weeks) (%) (%)
I By 8 37.5 71.8
Panto. acid 10 19.0 88.3
B, 14 17.0 60.0
B, 14 21.4 59.8
i R R - S 315 563
Choline 14 26.2 18.2
Nicot. acid 14 10.2 11.8
B, 16 48.7 18.2
Biotin 16 57.2 18.8
U} Folic acid 16 58.2 13.5
Inositol 16 61.3 3.3

* SeeFig. [[-12.
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Table Il -4. Water-soluble vitamin deficiency symptoms

Deficient vitamins Deficiency symptoms
By Poor appetite, abnormal swimming, erratic swimming, loss of equilibrium,
anorexia, reduced growth,high mortality.
Panto. acid Poor appetite, tetany, anorexia, lethargy, retarded growth, high mortality.
B, Poor appetite, hyperirritability, anorexia, retarded growth, high mortality.
B, Poor appetite, lethargy, retarded growth, high mortality.
C Poor appetite, ascites, [lexing of vertebra, anorexia, lethargy, abnormal
swimming, retarded growth, high mortality.
Choline Poor appetite, retarded growth.
Nicot. acid Poor appetie, anorexia, retarded growth.
B, Poor appetie, reduced growth.
Biotin Poor appetie, hyperirritability, reduced growth.
Folic acid Poor appetie, hyperirritability, reduced growth.
Inositol Poor appetie, reduced growth.
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Fig.M-1. Changes in temperature, pH, specific gravity and dissolved oxygen

content of sea water during the feeding experiment.
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Fig. -2. Effect of dietary ascorbic acid levels Fig. [ -3. Relationship between dietary
on the growth of the Japanese parrot fish. ascorbic acid levels and weight gains of
Dietary ascorbic acid levels (mg/100g): O, the Japanese parrot fish, [ ], after feeding
0; V,25; ¥,50: A\, 75; +,100; ], 300; @, fed for 10 weeks; A, for 12 weeks; O, for 16
with AsA 300mg diet for recovery test. weeks.
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Table M-1. Results of feeding experiment of the Japanese parrot fish with diets containing different
levels of ascorbic acid for 16 weeks

AsA level Daily feed Weight Feed Mortality
Diet No. in diet intake gain efficiency o Y
(mg/100g) (%) (%) (%) W
1 0 3.3 97.0 23.8 28.4
1-R* 300 3.1 364.5 30.8 23.6
2 25 3.8 706.8 49.6 6.7
3 50 4.0 753.3 47.5 8.9
4 75 3.8 782.1 50.4 13.3
5 100 3.7 803.0 52.8 8.9
6 300 3.6 825.6 53.9 4.4

Recovery test on Diet No. 1 group at week 10.
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Table [M-2. Levels of hemoglobin, hematocrit, glucose, total protein, alkaline phosphatase and calcium,

and the hepatosomatic index of the Japanese parrot fish fed with experimental diets for 16 weeks
{(Mean +SD, n=5)

AsA level H . . Total Alkaline . Hepatosomatic
C oo emoglobin Hematocrit  Glucose : i Calcium .
Diet No. in diet /dl) (%) ( /dl) protein phosphatase ( /di) index
(mg/100g) (& g mg (g/dy  qu/ny (me (%)
1 0 2.61+1.6b 9.915.7> 25.826.3> 2.0b. *1 513+12¢2 9.6+0.2> 0.8-0.1P
1-R*2 300 6.8+1.8 25.1+6.0 73.6x16.1 3.3+0.7 936 £191 11.5=0.6 21204
2 25 7.4+-0.6 29.1+3.9 62.8+5.4 3.8+0.6 842+2563 12.7+0.7 2.8+0.5
3 50 7.9+1.1 30.9+3.5 60.1£4.4 4.0+0.4 924299 12.6%+0.6 2.6x0.2
4 75 7.6xX1.4 297247 76.5t14.2 3.8+0.5 1049x238 12.9=1.0 2.4%0.5
o 100 7.5+1.0 27.8=2.8 67.6*t16.2 3.7=0.3 972138 12.1x0.5 2.4=0.3
6 300 7.7+1.8 31.1+4.4 72.6+18.8 3.5+0.2 951+238 12.4=0.7 2.3+0.5

* ]

*2

All values are less than 2.0g/dl (n=5).
Recovery test on Diet No. 1 group at week 10.

a. b Significantly different from the other groups (p<0.05, p<0.01 respectively).
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the feeding experiment.

(20 RAEEBEAE

BER, R ZONVIERIE, [ATHIE TSRO 70, BRERE N PNV EDRZHE
AR SN L 72RABRX T, Z OO AICERI100g X470 D AsA 333mg AR L 7o
BAKS L CRIERBRET- 72, ABRK IIRICBEX 3BU LORAERD L, #heEh
IOV TIMK 2RI L, RMEKEG L CHUYEZRIE Lo F72, RIENCR L IcHE TR
ROFHAERD H1L, AsA GEOWUEICH L 7o, RN B X HUEIZE I ZIR L ok
T, D AsAERIEIE NV VE"Y TEThillE L7,



M—2-2. ERFER
(1) HEXE RESEEIUNINIEE
BEBIX DR EARR B LNV IEA

“f HEBLORR A, Fig, T - 6 125 L7,
ol AsA FENIE 0 ng(X T3 5 BHEH 5
» R AV T L B % BT & 7R K Z 0
gm_ KAER Lo, E72, 8HHLIBEANVIE
Tl 27700 g AvEBIT I L F o AsA IRTIER330g
ol ( 2 Rl AsA Omg Kk DPOE 88
£ P ”Og HE A 5 B BRR B & O F 532
oL =1 o, IZEHEIRERZKEEL LS

! [ I | i 1 1 | L ]
e 2 4 6 8 10 12 14 16 18

Feeding peried {(weeks)

IREB I, S K O S AR
L, BHtbAMBE D 1 BTEH ZNE

Fig. M-6. Effect of dietary ascorbic acid levels on A b 1R H
the growth and mortality of the Japanese parrot 3 54172, F 7o~ AR 12:8 HEE A

fish.
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fed with AsA 333mg diet for recovery test. _ )
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& 0 mg$H £ U33mg X D ARMBREH & O HHE IF K I AR THEICE L, BIMERSED 5
Nrz, £, HIFED AsARMNME3Bg L FTOX TEWEZ /R L. —F, AsA 100mgll ED
FRHX TIRBAFE S ZE G A o NS - Fo, BHEEHBROER, AsAGNE O B L U33mgX & b
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Table M-3. Effect of dietary ascorbic acid levels on erythrocyte count, hematocrit and
hepatosomatic index of the Japanese parrot fish

AsA level in diet P;eeerdi;r(lig Erythrocyte Hematocrit Hepait;lo;;);natlc
4 3
{(mg/100g) (weeks) (104/mm?) (%) (%)*
0 13 125.1x13.5° 19.7+6.12 1.1+0.1
33 18 177.3£16.32 25.4+1.32 1.8+0.5
100 18 232.0+21.2 30.0t4.4 3.3+0.1
333 13 319.1£14.2 36.6+1.6 2.1%0.7
18 234.6+t20.5 35.6%6.3 2.4%x0.5
999 18 216.4 £48.5 35.9+4.4 2.6+0.6

Results are expressed as mean +SD of 3 fish.
* liver weight (g) X 100/body weight (g).
2 Significantly different from the control diet (AsA 333mng/100g)group (p<0.05).

(3) FFEO7XRINEVEERE
AsA EEORB 2 B{XERAZEBRL 2ADOHE AsA 2% RIEL, Table I — 4I1TRL
oo AsABIE 0ngB LU38BmgXDIFIED AsA SEIIVWTNLEIBEETH - 2o —7H,

Table -4. Effect of dietary ascorbic acid levels on the liver ascorbic acid content
of the Japanese parrot fish

AsA level in diet Feeding period AsA content in liver
(mg/100g ) (weeks) (1 g/g wet weight)*!
0 13 trace
33 18 trace (80.214.6)*2
100 18 25.2 £4.72 (82.0£8.4)*3
333 18 80.4 +17.8
999 18 100.4£6.4

*1

Results are expressed as mean+SD of 3 fish.

*2.*3  Figures in parentheses show the liver AsA content after recovery test with the
control diet (AsA 333mg/100g) for 6 weeks and 4 weeks, respectively.

2 Significantly different from the control diet group{(p<0.01).

BRIBEBIUINVLIEEAIZIIZIEAEAONE s 720Y, REETFTAERLZ AsA FRINE100ng
XDl AsA 81325 2ug /g ThHo12o F72, AsA 333mgLl EAFM L 72 KX O FF g
AsA 51380~ 100ug/ g xR~ L 2o
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NZENLL EE 5 E5121389300mg & HIE X i,
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Table [V-1. Composition of the test diets

Ingredient %
White fishmeal 70
Pollack liver o1l 5
a -Starch 10
Dextrin 9
Vitamin mixture*! 1
Mineral mixture*?2 1
CMC 3
AsA+ a-Cellulose 1

AsA (mg/100g)*3 100

* 1

Vitamins (mg/100g dry diet): thiamin HCI, 5; riboflavin, 20; pyridoxine
HCI, 5; choline chloride, 500; nicotinic acid, 75; Ca pantothenate, 0.01;
menadione, 4; a -tocopherol acetate, 40; a -cellulose, 98.99.
*2  Minerals (mg/100g dry diet): Ca (H,PO,),*H,0, 133; Ca lactate, 333; Fe
citrate, 33; MgS0,-7H,0, 133; K,HPO,, 234; NaH,P0,-H,0, 83; AICl;-
6H,0, 7; ZnCl,, 20; CuS0O,-5H,0, 10; KI, 7; MnSO,-4H,0, 7.

*3  Added as calcium ascorbate.
N2
‘ N2 r—
» L
| >4
/-‘/. —_— /
A oe— " H
F FHem——
1 R _:‘L’ ~H
[t - 1 LT
N U I U !
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1] ‘ ]
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Fig. IV-1. Diagram of apparatus system used to study stress responses in the marine fish.
A, Experimental tank ; B,C, Tank for preparing stressor sea water; P, Pump ; N, In-
strument for dissolution of nitrogen ; 1, Rout of sea water [low.
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ERFD 1 53870 0 OMEFEEIH A 15~300 I A 1o, T, BOBERITE E S LT
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HELERT, iR, SR S OMEER, WEESHGD O KT L X OB ES LR RER
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L, M AsAERBRE FT DK ICX D, RIMEREIT AALE LEHBCELLTACS®
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Fig. IV-2. Variations in respiratory frequen-
cy and laid down % of the Japanese par-
rot fish stressed by changing water ox-
ygen level.
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Fig. IV-3. Changes in blood characteristics
of the Japanese parrot fish stressed by
changing water oxygen level. 2 b Sig-
nificantly different from the values at 0
time (respectively p<0.01,p<0.05).
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IV-4. Changes in mean corpusculer volume,
mean corpusculer hemoglobin and mean cor-
pusculer hemoglobin concentration of the
Japanese parrot fish stressed by changing
water oxygen level. 2 Significantly different
from the values at 0 time (p<0.05).
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Fig. V-5. Changes in plasma glucose levels of
the Japanese parrot fish stressed by chang-

ing water oxygen level.
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IV-6. Changes in blood ascorbic acid
concentrations of the Japanese parrot fish
stressed by changing water oxygen level.
2 Significantly different from the value at
0 time (p<0.05).
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(1) EBAE

a. HHALATERH

AsA IRIMEORR 2 ZXERT120 HHEFET U7 FEEEN2508 D1 v 571 1 FREX12E
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oA BBEX & Uiz, PlEfE & & O R EIIAET & RIERICIT - 7o

AsA EEBODENZZZXERTHE LicA v 714 O FEROTFEL X KD AsA S8
S TR EAZE 1 HICE LA THIE L, Table IV— 2 1Z/R U 7o IS L OILK
D AsA &3, R AsA ZEROEINCE > TELKY, FETIE AsA 0 ngXh 5100mg[X
¥ TOEXHEIC, MKETIE AsA 0mgX &30l EOX EDRficEhENEEENA SN,
i, PEBOEXDOMBEHRICHEEZIEAoNT, AsA 0 gXITKREAREFEDOKRZIEZ
B oIEho T,

Table IV-2. Effect of dietary ascorbic acid contents on the liver and blood ascorbic acid
concentrations and blood characteristics in the Japanese parrot fish fed the diets*

Dietary AsA(mg/100g) 0 30 100 300
Liver AsA (ug/g) 1.841.32 16.6=2.7b 40.9+2.7°  53.3111.1°¢
Blood AsA (ug/ml) 1.0+1.12 1.9x1.0¢ 4.1=1.7¢ 5.5+1.0¢
Ht value (%) 436104 51.5%5.6 40.7+3.1 42.3%6.9
RBC (10“cells/mm?) 336+ 78 337+ 26 319+25 314+83
Hb (g/dl) 9.1+1.0 9.6+0.7 9.1+0.2 9.2+1.6

*

Data presented as mean +SD (n=3).
a. b, ¢ Means within a row not followed by the same superscript letter are signifi-
cantly different (p<0.05).
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Table IV-3. Effect of dietary ascorbic acid contents on the liver and blood ascorbic acid
concentrations and blood characteristics in the spotted parrot fish fed the diets*

Dietary AsA{mg/100g) 0 30 100 300
Liver AsA (ug/g) 7.0£1.82 25.9+7.3b 64.3+5.7°¢ 79.3+5.5°¢
Blood AsA (ug/ml) 0.3£0.33 1.7=0.5Y 8.0+2.8¢ 12.9x4.3°
Ht value (%) 32.2%+4.1 34.2+2.6° 24.3+2.9¢ 26.2+5.3
RBC (10%cells/mm?3) 264+ 21 248+19 240+ 13 234+46
Hb (g/di) 7.0=x1.1 6.4+0.7 6.6+0.5 6.9+0.6

* Data presented as mean+SD (n=3).

2 b ¢ Means within a row not followed by the same superscript letter are signifi-
canily different (p<0.05).
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Table IV-4. Effect of dietary ascorbic acid contents on the liver ascorbic acid concen-
tration and blood characteristics in the Japanese parrot fish fed the diets*

Dietary AsA (mg/100g) 0 50 1000
Liver AsA (ug/g) 2.0+1.12 19.6+7.50 78.2+24.7¢
Hi value (%) 31.0+2.1 31.1+1.8 34.0=2.8
Hb (g/dl) 6.77=0.5 6.92+1.1 7.19+0.7

*

Data presented as mean+SD (n=6).

a. b, ¢

Means within a row not followed by the same superscript letter are signifi-
cantly different (p<0.001).
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Table IV-5. Effect of dietary ascorbic acid levels on the tolerance of fish to the stress
arose from water oxygen reduction
Dietary AsA(mg/100g)*! 0 30 100 300
Japanese parrot fish (Mean body wt. =239.1+39.4, n=48)
Liver AsA (ug/g)*? 1.8+-1.3% 16.6=2.7b 40.9+2.7° 53.3+11.1°
LDT5, (min)*3 19 49 49 73
LDTave (min)** 30.6+26.7° 54.8+36.3% > 51.2+32.32° P 62.8+30.20b
Spotted parrot fish (Mean body wt. =170.6+29.3, n=40)
Liver AsA (ug/g)*? 7.0+1.8% 25.97.3b 64.3x£5.1° 79.3£5.5¢
FDT (min)*3 11 18 201 211
Mortality (%)*¢ 50 20 20 10
Dietary AsA(mg/100g)*! 0 50 1000
Japanese parrot fish (Mean body wt. =38.5+5.9, n=60)
Liver AsA (ug/g)*’ 2.0+1.12 19.6+7.50 78.2+24.7°
LDT;, (min)*3 47 70 76
LDTavE (min)*4 54.5+26.92 69.5+21.42' b 81.3+26.3b
FDT,, (min)*? 178 234 264
FDTave. (min)*? 188742 240+ 49b 258 =630
*1 Added as calcium ascorbate (equivalent to AsA mg per 100g diet on dry base).
*2  Data presented as mean + SD (n=3).
*3  Defined asthe time needed to lay 50% of the sample fish down after water oxygen
level reduced to 0.8 mi/I (n=12).
*4 The average value (n=12) of the time needed to lay down the each fish after water
oxgen level reduced to 0.8 mi/I.
*3  Defined as the time needed to find the first dead fish after water oxygen level
reduced to 0.8 ml/{(n=10).
*§  During the water oxygen level has been maintained at < 0.8 ml/! for 4h (n=10).
*7  Date presented as mean +SD (n=7).
*8  Defined as the time needed to fall 50% of the sample fish dead after water oxygen
level reduced to 0.8 mi/{ (n=20).
*9

5, AsA 1000mgX TldT65ThH D, £/ “LDTAvE ik AsA 0 ngX &1000mgX & D
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, “LDT;," E[EbRICER AsA SBOEIMCE B> TRSED, AsA 0mgX
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YD 13

The average value (n=20) of the time needed tofall the sample fish dead after
water oxygen level reduced to 0.8 mi/I.

Means within a row not followed by the same superscript letter are significantly
different (p<0.05).
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Table IV-6.

Effects of 16-week exposure to intermittent hypoxic stress on growth,

feed efficiency, mortality, and condition factor in Japanese parrot fish fed
diets containing different levels of ascorbic acid

AsA level Daily feed Weight gain .. % Mortality ~Condition
in diet Group intake (%) %) efficiency % factor*
(mg/100g) intake (% (% (5)*3 %) actor
0 Control*! 3.9 210.5 23.8 13.9 28.2+6.0*2
Stressed *! 3.7 69.0 17.9 36.1 26.6+3.0
75 Control 3.8 782.1 50.4 14.8 30.6+4.6
Stressed 3.7 467.6 41.7 21.9 28.5+3.3
300 Control 3.6 825.6 53.9 4.7 30.2+3.1
Stressed 3.8 767.0 50.6 11.8 30.9£2.7

* |
* 2
*3
* 4

(3

Results at week 12.

Mean +SD, at least 10 samples.

G gain x 100/g feed.

Body weight (g) x 1000/ [body length (cm)]?,
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Table IV-7. Effects of 16-week exposure to intermittent hypoxic stress on blood
characteristics and hepatosomatic indices of Japanese parrot fish fed diets

containing different levels of ascorbic acid (Mean +5D,n=5)
Asiféfevtel Group Hemoglobin Hematocrit Glucose  Hepatosomatic
7 ¢ * 2
(mg/100g) (g/dl) (%) (mg/dl) index (%)
0 Control*! 5.2+1.1 24.2+5.2 55.8+19.5 1.6+1.0
Stressed*! 3.5 14.9+3.2 52.0 1.0x0.2
75 Control 7.6+1.4 29.7£4.7 76.56+14.2 2.4=0.5
Stressed 5.9£2.0 22.4%£6.0 70.6+29.5 1.5x0.6
300 Control 7.7-1.8 31.1%£4.4 72.6+18.8 2.3x20.6
Stressed 6.6-1.4 24.8+5.3 73.4+22.9 2.4+0.8

*1 Results at week 12,
*2 Tiver weight (g) x 100/body weight (g).
4) MFHLVEEBO7 X2V E VEERE
AsA TRINE DR 5 ZH X OIMEL L OSHBD AsA SEICKIT T Wi EBE 2 b
L ZE R OFEEATable V- 8 I1Z/r L7 AsA 0 mgXDIMEE, B, ITHEB L OFED AsA
BRIEIZLALEBEETH >, AsA IgXDOMKD AsA SEBMOFEARBIKIC~S EFL
CEWVETH 7MW A ML RAOFEBIZIILALEASNIE N >T2, AsA TBgXTid, A MLV R
DEMZLOMFED AsA SEBNHEICET Lz, BEBLUERO AsA 2B LETLANVE
BERE -7, MBELURED AsA SERBEBIEA NV AICLZEE LI LALZITN
MoTce —7F, AsA 300mgXITH i A EAMMD AsA G&lE, KEMLSHONS XD, (KRR
A MV ADEEBERFILAEZIT LN - T,

Table [V-8. Effects of 16-week exposure to intermittent hypoxic stress on ascorbic acid
content in plasma, liver, kidneys, brain, and gills of Japanese parrot fish fed diets

containing different levels of ascorbic acid (Mean = SD,n=5)
AsA level in diet Crou Plasma Liver Kidney Brain Gill
(mg/100g) P (ug/md  (ugl/e)  (ugl/eg) (nglg)  (ugle)
0 Control* trace trace trace 52.9+11.6 3.0+0.8
Stressed* trace trace trace 47.4+11.8 1.7+0.3
75 Control 5.8%£3.9 38.4110.1 136.4%£52.3 339.3+25.5 148.1*t24.6
Stressed 0.8+1.22 30.6*11.8 86.8+50.6 333.6+48.9 87.3+39.8
300 Control 18.1+7.5 73.2+9.3 211.8+46.5 436.21+106.8 209.7 +£30.6

Stressed 16.91+9.5 76.519.8 226.1£59.6 385.6+t26.0 222.7£56.6

*  Results at week 12.
2 Significantly different from the control group (p<0.05).
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Fig. IV-15. Fluctuations in respiratory frequency and laid down % of the
Japanese parrot fish stressed by changing water oxygen level.
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Fig. IV-16. Fluctuations in hematocrit values
and hemoglobin concentrations of the Jap-
anese parrot fish stressed by changing
water oxygen level. * > © Significantly
different from the values at 0 time (respec-
tively p<0.001, p<0.01, p<0.05).
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Fig. IV-18. Fluctuations in plasma chemi-
cal constituent contents of the Japanese
parrot fish stressed by changing water
oxygen level. 2. b Significantly differ-
ent from the values at 0 time (respec-
tively p<0.01, p<0.05).
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Table IV-9. Effect of dietary ascorbic acid levels on concentrations of liver and

muscle ascorbic acid, and muscle lactate of the Japanese parrot fish
stressed by changing water oxygen level

Under low oxygen stress showing

Dietary AsA . Maximum Laid
(mg/100g) Initial respiratory down
£ € frequency
Liver AsA (ug/g) 4.0+ 2.2* 4.2+1.3 4.1+0.8
0 Muscle AsA (ug/g) trace trace trace
Muscle lactate (mg/100g) 290 = 55 360+190 520+94°%
Liver AsA (ug/g) 57.0=7.1 53.4+3.2 60.7 +8.3
100 Muscle AsA (ug/g) 7.5%1.1 9.1=0.8? 7.7+0.9
Muscle lactate (mg/100g) 29877 3562+152 377109

* Mean +SD, n=5.
2 b Significantly different from the values at initial (respectively p<0.01, p<0.05).
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Fig. V-1. Effect of dietary ascorbic acid %, GRS IR IC R TIE S, ~NVERE

levels on the growth and mortality of the

Japanese parrot fish.Dietary ascorbic 0s 1 2 . <
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Table V-1. Results of feeding experiment of the Japanese parrot fish with diets containing
different levels of ascorbic acid for 8 months
AsA level Daily feed Weight Feed .
Diet No. in diet intake gain efficiency Mor:/ahty
(mg/100g) (%) (%) (*) 0
1 0 1.2 144.8 28.3 22.5
2 30 1.3 208.1 33.2 2.5
3 100 1.3 223.3 32.8 0
4 300 1.3 216.5 32.7 0
1-R*1 100 1.2 171.1 32.2 0
3-D*2 0 1.3 232.9 34.0 0

*1 Recovery test on diet No.1 group at month 5.
*2  Deficiency test on diet No.3 group at month 5.

HekE & b B S AVEEE DR S, $77, BEREIO 5 HE D, AsA 100ngflkHK O —i3
ICASA 0 ngflRHEES LAY, 87 AHE TICIZASA REOMIRBIZA SN -1,

2 HFERiEY, HRESLUARERLSR

HEHD 1 v 7 A SRR ONIBE AL B EE L %2 Table V - 2 /R L 72, AsA 300mg[X
DUEDHEFEIRIERIZASA 0 ~100mgXDEN LD bOVHVEE T Lize —F, M LIRS
HUSERIASA BRICHAI L THAL, ASAKRZXD & 0F30mg[X & AsA 300mg[X & DRI I3H
BENBONI, 7, BERKOERRIRBRATE 725 LD, AsA 100mgfkHKD
HICAsA OmgfalBl 285 L& 2 A, HFERIEHIIRZX EEKICEL EWEEZRL 7.
LD, AsA OBREFIFEDOKIAAREST S ZENASNNIE -7, Bk, HERELV
FFERE A B < PO TR R 3 B AsA 2RO VD L, MO HITEEIE AsA 30 ng

Table V-2. Effect of dietary ascorbic acid levels on the gonadosomatic index, hepatosomatic
index and viscerosomatic index of the Japanese parrot fish fed the diets for 8 months

(Mean =8D, n=1-11)
AsA level Gonadosomatic Hepatosomatic Viscerosomatic
Diet No. in diet index index index
(mg/100g) Male Female Male Female Male Female
1 0 0.4x0.22% 0.5%+0.2® 1.3=0.3* 1.7+0.5®% 6.5=0.6® 5.9£1.32
2 30 0.6£0.52> 0.9£0.5 1.6£0.4°° 2.1+0.4> 5.0£0.8> 5.6+0.72
3 100 0.5£0.22% 1.4+1.32° 1.7£0.3> 2.2x0.4® 9.9 5.6x1.82
4 300 0.8£0.4» 2.2+0.9° 1.7*+0.2> 2.2+0.2® 5.1+0.4> 4.5+0.8°
1-R*! 100 0.5=0.13> 0.6 1.5=0.12> 1.6 5.6 4.9
3-D*2 0 0.3£0.22  0.5*0.5* 1.6+0.32® 1.9+0.4*> 5.8+0.52> 5.1+0.8?2

*1  Recovery test on Diet No.1 group at month 5.
*2  Deficiency test on Diet No.3 group at month 5.

a, b

(p<0.05).
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Fig. V -2. Effect of dietary ascorbic acid levels on ovarian egg maturation in the Japanese
parrot fish fed the diets for 8 months. x 100. a, immature phase; b, maturation phase.



Table V-3. Effect of dietary ascorbic acid levels on the total ascorbate concentration in liver,
testes and ovaries of the Japanese parrot fish

AsA level

Diet No. in diet Liver Testis Ovary
(mg/100g) (ug/gwet) (ng/g wet) (rg/g wet)
1 0 trace 11.1+£2.4°2 70.6+-18.82
2 30 38.4+t4.6* a 100.4+27.5" 657.1
3 100 62.1+£16.2b 232.5 898.41£537.2>
4 300 79.1+£22.9b 221.9+£40.7¢ 366.2 +79.3b

* Mean + SD, n=2-5.
2. b ¢ Means within a line not followed by the same superscript letter are significantly differ-
ent (p<0.05).

300mg XD ZNi330H L F100mgfBIX D Z N LD HIELS, WE g X7 FH366ug TH - 7o
(5) MIFILFEERASE

HETERI A Y 5 A OMERER| D MIRLF Ry & 8% Table V— 4Rl AL 270 — L
S IS DICASA 300 X TIERWEE R LTc, MO Y 77U Y FERIBERASA
SRR EBE -ETH - 72, MOZNIRGERASA SEBICHAIL THEIML . 172,
ANY T LERBERASA SEOHEIICHVHETIHET LAY, TR L A#INY MM
Em LT

Table V-4. Effect of dietary ascorbic acid levels on the plasmic chemical components of the
Japanese parrot fish fed the diets for 8 months

AsA level Total cholesterol Triglyceride Calcium
Diet No. in diet (mg/dl) (mg/dl) (mg/dl)
(mg/100g) Male Female Male Female Male Female
1 0 118+27* a 181+ 62 141262 127+292 16.7+0.32 16.8+0.22
2 30 154+ 302 183+ 422® 146+202 125+ 32 19.0x1.4b% 17.2+0.4°
3 100 148 195+ 292 138 186+ 250 16.0 17.7+1.32
4 300 126 £ 162 150+ 14¢b 148+102 245+1032° 15.4+0.82 18.4*1.22

* Mean = SD, n=2-5.
2. b Means within a line not followed by the same superscript letter are significantly different
(p<0.05).
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Table V-5. Composition of test diets (%) (2) FXHER & 1%EEE

Diet No. ! 2 R O RAKR S X FAsA BINE
White fishmeal 68

Gluten 2 ZTable V-5 IZR LT, T78bb, §
Pollack liver oil 5

a-Starch 15 VE 1 i TR WA Z R R &
Vitamin mixture*! 2

Mineral mixture? : EERLCHARBHC—REEL, &
AsA~+ a-Cellulose 2 R 1 5 oy -~
AsA(mg/100g)*? P 300 M TAEDOI0mEEAL X MLy MIZ

*l Vitamins (mg/100g dry diet): thiamin BRIELL 7. AsA WMEIX, AE 1HOR
HC1, 10; riboflavin, 40; pyridoxine HC1, 10; . .
HBARUEL L, AsA — AN T LIE%E

choline chloride, 1000; nicotinic acid,150;
BFEEI00g 472D AsAE LT BB

Ca pantothenate, 100 ; inositol, 400 ; biotin,
1; folic acid, 3; cyanocobalamin, 0.01 ;

menadione,1.6 ; a- tocopherol acetate, 40 ; I .. o s . _
a-cellulose, 9299.0. BOOmgLfA 5 J: 2 ;u %?’L% ?’L{ﬁf‘\ﬂﬂ L fu_ 2 ﬁEJ

*2  Minerals (mg/100g dry diet): Ca(H, PO,), o S e e
*H,0, 400; Ca lactate, 1000; Fe citrate, 100 ; RIX %R 1o 3%, id 1 H 1B

MgS0, +7H,0,400; K,HPO,, 700; NaH,PO, i - =1
"E,0, 250 : AICl,- 61,0, 20 ; ZnCl,, 60 ; =’ BHFRIZERITREAXEL <
CuS0,+5H,0, 30 ; K1, 20 ; MnSO,+4H,0,20. KB ESICHE L #-

*3  Added as calcium ascorbate. =e
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Table V-6. Effect of dietary ascorbic acid levels on the spawning and egg quality of the Japanese
parrot fish broodstock

AsA level in diet 25mg/100g 300mg/100g
Eggs produced/ fish (X104) 1354 1619
Buoyant eggs/ fish (X104) 1187 1411
Rate of buoyant egg (%) 83.3x19.9*! 85.1114.2
Eggs diameter (mm) 0.860.03 0.86 -0.03
Egg weight (mg) 0.38+0.04 0.370.04
Normal egg (%)*? 96.3+5.7 96.7+6.0
Hatching rate (%) 78.4+17.9 80.9+12.8

*1 Mean + SD, n=62.
*Z  Eggs having 1 oil globule.
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Fig. V-3. Effect of dietary ascorbic acid levels on the spawning of the Japanese parrot fish
broodstock. Dietary ascorbic acid levels (mg/100g): [], 25 ; H, 300. Relative spawning

ratio was expressed as ratio against the amount of egg obtained from the fish fed AsA 25
mg diet for fish fed 300mg AsA diet.
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Table V-7. Effect of dietary ascorbic acid levels on the spawning and egg quality of the
Japanese parrot fish broodstock at each spawning period

Dietary Egg produced  Rate of Normal  Hatching Total

Spaw.mng AsA levels /fish buoyant egg egg rate larvae /fish
poriod (mg/100g)  (x100) (%) (%) %) (x10%)
Before best period 25 304.1 63.2 93.6 72.3 169.5
(5/11-6/10) 300 419.3 73.3 93.4 81.3 275.7
Best period 25 820.5 93.5 98.2 81.5 653.9
(6/11-7/20) 300 899.8 90.0 98.9 80.4 686.0
After best period 25 229.8 88.5 96.2 79.7 168.7
(7/21-8/20) 300 305.5 89.4 96.7 81.3 239.5

*  See Fig.V-3.
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Table V-8. Effect of dietary ascorbic acid levels on the proximate composition (dry base %) and
ascorbic acid content in eggs

AsA level in diet 25mg/100g 300mg/100g
Crude protein 63.9+1.5* 62.6 1.1
Crude lipid 20.0+1.2 18.6 0.8
Crude ash 9.5+1.2 10.4+1.2
AsA content (ug/g wet) 27.5+12.0 137.6=28.82

Mean + SD, n=6.
#  Significantly different from the AsA 25mg diet group (p<0.001).



V-2—-3. £E

YA, AV ABLO 70 ARBEDY AFICBT 2REEAERMIILE, REDHE
HERS, HRENORHZ HEREBE X OKEOHENIIX > THIEITEZ 2L ->TW
B MPUDMpKBIEAAEEHOREDOHB AL E b, BHORPAEL LOLERBILEE
hTWwa, LHL, ThooLREERAEINROYIE S X ORICEN R, 7% %S X
CIRLERRBEDOIVEDEK T 5 EpnHonTHD, 37 REMAZONCLEMRBT 2000
BER-TOE, KEIHOHERENS, HLHIRERBIERASADEEGICL - TREINS Z
LW INotoe I I, REROERLD, 1 ¥ HAICHT 28 AsAD KBRS 135
NI OB X ORI OENEA SIS Y, EMIEICE I 2NEOE FAMLIEd 52 &0
oM E N THDLLASADERGRIBEANELERBT 27 DICHEMEFED -DTH
ADo

BROENS LB RIETERASAOR S RICHTIMERE L ThIBEE LS
NTWVIWAY, Sandnes 5122 (I U= 2B 2 FARASADER G IZIND AsA & 8% BB
&, BLROBBIEIDEHELTWS, 72, Soliman HL1?Y X574 T ETITBIT S
AsADEE IO L REZBRIEEEHME L TV S, AEROER, (v 51 HRIOHT
BASADES IMLROKEBICRYEE RS LD - 7208, ESRMEICH T 3 MbRb LT
FIRIZASADESIc Xk > THEBIND I EDHS NI NI, A HOENTIHIZBIT 2
SVEE TN L » TR I 20 EFRLABICIN TV WY, Hirao 5138 3= U< XD
PREE & LRICIIHEBR RO D B EBHE L TV 5, AsA BAE LEi T~k Hiclx T
oA RRLEVOEKICBIS T 5 2NN, X SICEBASADERS TS L MO
HEABIEEL, ROMBNDOIFEBIUFHEZRTTIT 2 I LAVRBIN TV S,

—7, REBRTAsSADOKREHRGIENOMHE LVORFOENEE BN 2HmERL
Too BT, FRILS 27 3R ASAZ RS Lo 7 A BEO RFERIEFEITHEINT 50%, AsAKR
CEBAERS LTI TREEAERIILBWIEEATVS, X 5ICASARZEHRIZ®RS
L 72 RBESRRE D 7 s AT K AR L€ VA S, ATEBREIE AL E » B L WAsA % F 4
LAtz SN bHEENHERT 3 &V 5, AEROERTEHBAsAD KEHRSIC
K BENFIHAL K BRIIC B 2EINE S L CRBILFREORER RIL, AE1HOBEL
ElBRIC, AsAPMMEFRILE VEREREL D EEZION 5,

V—3. BtFROERRICRIZTHEM7ZRIINE VEERSDHE
FHREBROMER, HOASASRIIEAARNEOASASENSZWEEL BT L0800 -



fzo AERTEZNODOIMZEMY, IE L OFEOERRICKTTBIAITETT 5 AsA 50
hEIZO>WTHET LT,

V—-3-1. ERBRAE

(1) #HIPLFAFEH

AE 2 HUIR Lzl BN 515 S o IMRIE IR &, 2000 FIE/ R 5 A hoKIEIC 1 K
TOWNAEL, 200WESKE— 5 —T/KIBZFHE L THIEKAE L. FEEBIELoticoE 5
AEL, 6 H3SHMNS T HIOHDRNT 22 lotsDEEF AR Z1T - 720 FKloticB T 5 HADAE
BREHIIEOKBISGT LI, $48b05, SKEOESAEREZDLT MNIMED, FRNKEANTE
BIEY IO LTWE I L EEENDR, 21 BB THBKO -2 EHRIL L THEEMF
BREHEL, OMlEEhENER L, b, Mk 3 DEUBOFAICIEX & b
WREZ7OL ST REELEZVAIZYERIALAVESZ -,

2 MEREBEFE

IUN A #2408 H BIc X OfF B L% 3lotsT o4 7)) 7L, &Eolld XU LA
AsA EBAZFEME1FIGGE LI HETHE L. FRBIUVINDOASA EBEHIEL YV T
LVEBNZDOREMS, 1EENTDDASASEE L TEHE L, 5B, BlEkEREIStu-
dent @ ¢ MEZFTV, IINARFOHIEBIHT 2EREE (p<0.05F /2130, 01) ZHE L 7,

V—-3-2. EBER
(1) WELCHFROERE
HFROERRICKRTTHAITT 5 AsAR
H5OHEALEFig V- 4ITRLTz, T8bH,
22E DB R TV, EERROPEERD
TRIZR Lo ZDREE, AsA 300mgXDHE
OB SN RO LR, AsA
omgXoEN LV, KRB 2~3 HHIC
60 L BEEZE (<005 RED SN, FDED
O 1 2 3 4 5 ABKEHIEXEbICECHEER L. o
Feeding period ( days )
DIEIDA VT ABAIIXT BAsA DKE
Fig. V-4. Effect of dietary ascorbic acid

levels on survival rate of larvae. Dietary HERIPFROAERRER X85 2 20

ascorbic acid levels (mg/100g): @, 25;
O, 300. N 1o

(%)

O
@)
]

Feeding

'

rate

Hatching

(09
o

70 -

Survival




2 WELVFRADERMABLVETRE 7 XONEVRER
MEEXDBEN SR oM fFROEE
BaEicfE D LAY 0 0E TR B XU
LEIASA G B DOEE %, Fig. V- 5iTmL
foo T DGR, WX ORITAIASA G &I
{LIERTH KO FEERREAM 2 ~ 3 AF IO THF
LSED L, BIERAsA (ZEEEFTD 2 AH
o 3HBEIEIFTHEICHEML 7. Lo
L, ZOREIZASA 300mgXD AR VFR b
BRETH - 72

Feeding

w
Q
T

N
(@]

Ascorbic acid
(ng/individual )

Dehydro-
ascorbic acid
(ng/individual)

N p N
Pty 0
o1 2 3 4 5

Feeding period ( days )

V—-3-3, #EE
Fig. V-b. Changes in contents of ascorbic B . .
acid and dehydroascorbic acid of eggs ASAZa5 -7 DHEBRICHIETH 5

and larvae produced by the Japanese . m
parrot fish broodstork fed the diets hav- o, BHMADOALEHAEICEVT. I

8 O Genitioantly dittorent from the (LA 5ASA EEOITHEBIN 5% T
i 00 Drtary s ad ML EERTIOBO ASA BERAEE
levels (mg/100g): @, 25; O, 300. D E SR E AR FESRTEE A
%" Soliman 5 '2% {3 As A BRI KT

SLEAMABE LicT 4 SETHAN OB ONIID AsA 58 H L UFERIZAsA RNfE
ZRELIBEOZNED HEL, 51T, WOASAGRBEIFROKREFICEET L&
I LTV 5, £72, KomarovsH 3% (3, = U< 2B 28K AsA OFS5 3D 4E
BAREZMETZEREL TS, —h, KHESMY BV XAZREWOMILE L URAR
BRTASANBEEFICH DT 2 I EE2RELTOVSE, £72, Golobs MV (3 — DB
AT =S VAN EE D, BEGEHICEST ZEI0 O T ORI T TSI b EmT
HlEEBELTVWS, X5, BOLY2 B 2ED0EBEKIZIASAE LY a -4 b
TN NVBIZE->TERL, 35— UARICET 2 KBILKIGITASADREE L7-2 &%
RELTWD, A VFAEELCIA O A BLD 705 A4 TIEIPILERICOR, B
BR, IR, B, BHBIUBRBEOEENERIN, BLED SHEHANT E TOR
ZIRIIFEOBIN E & HITHBHEREOERNMEEI NS, &/, PMILERDO < S 1A
CEFEMARBN 2R ond, BEHEBHITNCEBHEO-OREBRULELEZEZ SNLEKE
NRFICEEREN S, VMY REROFER, BAICKRS L72ASA ZEEG5EICE U TICHED



HEHEIN, PMLERD L CEERBINICEBUCRD T 5 &0 -7, EREINIZASA I
MR BB 2T =4 AERICENCH A SN, IhPBLFROEERRICKING 5 50D
LEZOND,



3 #J

BEOZBESY IV C (TRINEVER LFASALEG) 2ESKTERVOT, #
AR AORE L BBICABEREDOASAZRMUSFNEE S0, BIARDAsATR
BT BRI, Z O RRT AN AFTRBEDRKBISOWTRT X U AZEBHET 5%
ETHEoE<hsRaInNTwE, L, BOEICET 2 BEENEOH TEESAE %2 &
W 5HEKEICET 22 DRI ERLFL DBV, FLBEADASATREL, REBEIC
K- TRBAIMND THEL, BrxOREBRFPHEENZFICK - THRLESE I ENEEBMD
FIBICELWTHERNICESHONT WS, €27, AHETE, @BKEEMOEE BV T
BEINBZVLONDESETT, 17420 RAE LT, AsAERIZBET 5B LR
2TV, IROFERAEE

. 9, KBEEREABRHEBRABORAMRERET 572010, 1 V51 AL AE
LT, o230 E (BEAY) BIURE (Rrv oy S OEEDERNL 5582 40H [
B5 LT, WER WRRE, 7T EYR, K o VEERE RIFAERELIUM
BO—BRAHEREAE L7z TNOSDIERMN S, KERFMFFT, RELADIEELEEL
A, BEROE#EY N EERIBNNY%, FHEEESEINS WL EaANL, &
7z, BPRHCRMTRE I XTI VEAGYMBLUESY 2 VIEAYICOWTYH, ABEORBRET- 72
R, AHERE L TRELLZNENOHEKREFE T 2HEOEHERIING6 %, BHEOZH
387 2 % &HIE L7,

I. FEloRBERKBABRGEREZHO, 1oy rfaiaRE LT, Kakesy o
DERMERF Lico T78b b, SPEERE2. 58D 1 V¥ A MAICEKEEESY I v oXRZL
FoRBREIRE S LT 8 ~16BRIMATE L, RIAEK, &, ~OIER, [MgHRs &z i L
7o TR, ROFPLARZIERPHEEL TREENEENWIERE LS LAESY I 103
Bel XU T UBTH o120 ROWTB,, ByBXUCORZOMEENVIERIZKE { BE
Lico 3V B0 =aF VBBORZ TIFRLI DN SEBEKERIZHES &HELOVREETITAA SN
N, NOFEREEL BTz, —F, By, EXF U, EBREXOA /Y F—LORZETIEL
THhERENVS ONMETTHRETH - 72,

M. EEDkHIT, 4T A HATIEASA RZOIERPVHEFECHEL, ~VWIERLE
WI EERD, £IT, 154 DHEEBRBICHELAsADEKRE GO EHASAR
me) %, 9, KR, BERE (DO) BERSEOBRERNTOEHOLEN/ NS WHESRME
FTRkDz, THbE, TOEREMNTT, AsA RINMENEFFRI100g 470 0 ~300mg D



TR D HXKEREABR AR 1 v ¥ MRS L C16EEMHAE L, HER, fRgR, XZ
fE, ~NWIEER, MR, MRS EES LCHEALE L, ZOE, Zo0RDIEFER
b &I ARSI ASA ORINEE L Tid26ng /1008 dNIET3TH B L0800 -
Too OIT, FFRRE & OMMASA BE LR ASA RINE & OBIRERD SRS, 4K
AsA DEMBEZEEL LBAICLEREMASA BINE&IRDE< & H50ng 1008 TH S
ZEDTH - Tz,

KT, BREKNFOEHOREZVEHERH T THRBRLER, COFRETICHIT 26K
ASATINEE LTI & H100ng, 100 g 245 & L, HKBEBEADASAEREIRERE
ROEEIC L > TEHE L EEINA I LS NEL - 72,

V. BEAIIFEICEREKODOBE, KR, HESBEOEHEA ML RELTRZIF TV,
2T, $TREVKODOBEDE Mo 2 8B OMMHICKRIZTTAsARG DR REF I,
THbLE, GREELI0g 2700, 30, 1005 L TU300mgD AsA 7ML e S Xk THE L
A 54 (CPERE239g) BLUA UAFF A (A 171g) ZABAE LT, REKDOE
BEOE Ficxtd Bt %, —E&ME Mok 3 P (min)” BXT “NOIEE(%)”
REELLTENFNHEK L, 2O/E, DOK TR b L RIIKHT 5 HAIEOM M LR D
AsA IRINEICES L THEART 5 2 0500 - 1o,

KOT, fEEZE100g 4720 0, 155EU8300mgDAsA 2N L& XERE A ¥ 51 HE
BICH A, 1GERICE > THRNICBREKODOEE K N X BA0OMMt 2 EiER, K
K, JELEK, MR, MARASA BEBEEHEIEL L THKL /. Z0RE, RIECEHSK
BBEZ b L ZAOWHEHIER I, AsA RZIEOHKBEZ{EHEL, AsA EREEWAIEE L,
BELUASA OKEHRSEFIIDOX M RIIHT 2RADMMEEE LIEAT ENPFLNMENL -
7o

I oI, BIEHOEEAR bV AMEICKRETTAsADIERBIEE#RmT 5 HMNT, TOX L
L 2 AR QA BEIEIN TR B X b L ARIGOREIC OO TKRET Lic, 3R8bEAS V71
FUTEBEZ P L AZAMLT, FRRE, MR, MREoSEIERSEBES L UCBERE
e, HANOFRREE, WNCHHBOASARBOEFZAEL 72, TNoDERNS, AsA
BERBEKDOERE D& NICHE - T Z 2 BOIFRBIRE » S SERENORBEILIC L 5
FIF— (ATP) ApEIL, HARBLETCRO -BELTHET A Lick->T, EKBEEX L
LA Em EX 825 6D EHEEL 2.

V. AsAZRT a4 FFILEVOAEEGHRICBEISE T 5D THFERO RBAICBERT 5 2 LA
LNTVDE, FHASARIS—F U OESRICHEDE Y I 0 THLIMS, BEAOREESE



EILBWT, WMEHFROEESHEELRTFELRRTFLEEIbDEEL NS, ZIT, 1V
SAEREERELT, FO—FRORBUL NI ISFHADENL LI IC RIFTAsARS
DhFEEFNTe TORKE, RACIERBIIFARDOAsARNNE (0~300ng,100g) 2k
BILTIREEINE L, BLUBHACHT 2ASAOR G RIENELBNIE 2300 TI
<, O RDILFROEBERE CIVEDE LIS bMREETEIENFEONERL -7,



Most fish are unable to synthesize ascorbic acid (AsA) and thus are dependent upon
a dietary source of vitamin C, The lack of AsA in fish results in reduced growth,
histopathological changes mostly related to malsynthesis of collagen, and impaired
immune functions. The studies on the AsA requirements with fresh water fish have
been carried out by many workers. With economically important marine fish in
Japan, however, a few study has been reported so far. Moreover, experience at
aquaculture farms has shown that the AsA requirement varies, not only with the stage
of development of fish, but also with the environmental conditions and physiological
status.

In the present study, using the Japanese parrot fish Oplegnathus fasciatus as
primary test fish, the AsA requirements of marine fish were examined under
differing conditions to be assumed at aquaculture farms,

1. First of all, to determine the composition of purified basal diet for nutritional
experiments, the Japanese parrot fish were fed with purified test diets containing
different levels of protein (casein), lipid (pollack liver oil), mineral mixture and
vitamin mixture, After feeding for 40 days, weight gain, feed conversion efficiency,
protein efficiency ratio, body protein (or lipid) retention ratio and the contents of
moisture, crude protein, crude lipid and crude ash in the fish bodies were determined.
Based upon the results of these experiments, the optimum protein level in the basal
diet was estimated to be about 4595 under the present experimental conditions, The
optimum lipid level in the diet was about 8%, Also, the optimum levels of mineral
mixture and vitamin mixture in the diet were about 6% and 29, respectively,

II. The qualitative requirements and deficiency signs of water —soluble vitamins
were studied in Japanese parrot fish having average weight of 2.5g with the purified
test diet above mentioned, The fish were given the diets deficient in each one of 11
water —soluble vitamins, After feeding for 8 — 16 weeks, deficiency symptom, growth
rate, mortality, and blood characteristics were examined. The fish fed the diets
deficient in each vitamin B, or pantothenic acid showed most rapid stoppage growth

with high mortality. The fish fed the diets deficient in each vitamin B, B, or C caused



the next most rapid decrease of growth with high mortality. Choline or nicotinic acid
deficient fish caused very poor growth associated with loss of appetite but mortality
was low. On the other hand, the fish fed the diets deficient in each vitamin B, ,, biotin,
folic acid or inositol showed only slightly poor growth than the control fish fed the
complete diet,

II. In the above experiment Japanese parrot fish caused the rapid AsA —deficiency
signs, At first, therefore, AsA requirement (optimal supplementary AsA level in
diet) necessary for normal growth and good health in the juvenile Japanese parrot
fish was examined under the mild fluctuations in environmental conditions such as
temperature, dissolved oxygen concentration, The fish were fed purified test diets
supplemented with 0, 25, 50, 75, 100 and 300mg of AsA per 100g of diet for 16 weeks and
determined weight gain, feed efficiency, deficiency symptom, mortality, blood
characteristics, plasma chemical components and hepatosomatic index, The results
indicate that the sufficient supplementary AsA level to maintain a normal growth and
health of the Japanese parrot fish was estimated to be 25mg of AsA per 100g of diet
under this experimental condition, It was also estimated that 50mg of supplementary
AsA per 100g of diet was needed to saturate the tissue AsA contents,

Subsequently, under the violent conditions of environmental fluctuations, AsA
requirement of the same size fish as in the above experiment was also examined. The
results indicate that the sufficient supplementary AsA level to maintain a good health
of the fish was estimated to be at least 100mg of AsA per 100g of diet under this
experimental condition. It was also estimated that about 300mg of supplementary
AsA per 100g of diet is needed to a normal growth. Consequently, these results have
shown that AsA requirement of cultivated marine fish must be affected by environ-
mental fluctuation.

IV. Cultivated fish are 1inevitably subject to the stresses of environmental
fluctuations, e, g. water temperature, dissolved oxygen levels, salt levels in seawater,
Therefore, effect of dietary AsA on the tolerance for low oxygen stress in fish were
examined, Japanese parrot fish and spotted parrot fish were fed the test diets
supplemented with 0, 30, 100 and 300mg of AsA per 100g of diet before the start of

stress experiments, The time (min,) needed to lay 50% of the sample fish down



and mortality (%) after reduced the water oxygen level were used as the parameters
for tolerance, Results showed that the tolerance of fish against water oxygen reduc-
tion was increased in proportion to the dietary AsA levels,

Subsequently, control and stressed groups of the Japanese parrot fish, were fed
diets supplemented with 0, 75, and 300mg of AsA per 100g diet, Fish in the stressed
group were intermittently exposed to decreasing water oxygen levels every 3 or 4 days
for 16 weeks and compared the percentage of fish laying down, growth, mortality,
blood characteristics and AsA contents in plasma and tissues to the control group.
The results indicate that, in the fish under these experimental conditions, exposure to
intermittent hypoxic stress not only induced AsA—deficiency disease early, but also
increased the AsA requirement. It was also shown that high doses of AsA increased
the ability of these fish to resist the stressor.

Moreover, from the physiological adaptation behavior determined in the fish under
low oxygen stress, AsA is assumed to play a role as a member of biological oxidation
reduction system in maintenance of energy production even at the semi-anaerobic
metabolism system,

V. AsA, which plays a part in the biosynthesis of gonad steroid hormones, is
important to sexual maturation, And also, since AsA is essential for the biosynthesis
of collagen in the connective tissue, AsA contents in the eggs before spawning is
critical to the normal development of newly hatched larval fish in the seedling pro-
duction of marine fish,

The effect of the dietary AsA levels on the sexual maturation was examined using
one — year —old Japanese parrot fish, Moreover, the effects of AsA on the spawning
and egg quality in 15—year—old broodstock of the fish were also examined, The
results indicate that ovary maturation in adult fish was promoted in proportion to
dietary AsA levels, And an increased dietary administration of AsA influenced not
only increasing amount of eggs from the parental fish, but also improving hatching

rate and survival rate of the larval fish,
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