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Natural Coloration of Cultured Red Sea Bream, Pagrus major (T. & S.)

I. Feeding Effects of Crayfish Carapace Carotenoids

Mitsu Kavyama, Heisuke Nakacawa,
Hisashi YaMapa* and Yutaka MurRaKAMI

Depariment of [‘isheries, Faculty of Fisheries and Animal Husbandry,
Hiroshima University, Fukuyama

(Tables 1-7)

AR, KEZERCHT HHBHEORE L L VT ATEREZHAVGS BHPERNVBACTbhb X5
Teotz, L, AL E KRS D WL o oRBARERI W TR Y, APFRTE hik-
T~ XA OFRBRETLZ LA FD—DTHDH. 7P, =UAD™, U F 00, oo
= XD, OEARTRLOME, Lichis TRl itk OB EERFT Lo T .

— PO ETH - To~ 1 OFREL, BREOMBC L2EFENELHERTS L LT
THEAEDHSD. FTOMEL LT, WhPHREREC X5 AROHADKIELITe- T\ 528, FARFIC<
A4 DSEEETEORID® ZNEKELEORBCKXNELEXHDTHS. Larl, &4 & ALK TH
HTDHE, < 24 RKKOEELH IR TGO UTRIRA OB O/ EEI RS X o/, ME
Lo T D, KRR A4 3FRESLHAL WD 20D, ThOTARERCHE Lo~ £ 1 12F0ao0
HENZOND LR TWAY, LA, T, &1 0B EHAEECEELTCVWSEEXDA
5.

A, BAOMI, BB KEACEELEEBCEHLTO A7 2V 7% ) 7 =0RRZEFINE I =
F7 4 FEFERFIRILT, B~ 21 0fRBHECETIENE b TRAFCIhDL I T/ 1 PG
ML ABRBOEELEDI-LDTHS.

X R F &

1. ZAUAHFUH=BRRHOF/ 4 FEROHBHERTE

ARERIFER LT 2 Y A9 Y # =, Cambarus clarkii, (3HpHERSE (KERFELEMUET) OfEE
B HEE L., BREHSEL, RELTHBLELD, B WIEA— « 3 (Vibrating Sample Mill,
SETBERT, AP es 2 T1-1) 2 ATmkibLicdbn Xy, 7 vEMLTres /4 Ve

* B« B KEPZEPTEEERS, M. Present address: Nansei Regional Fisheries Research
Laboratory, Department of Oceanography, Kochi.



50 BRI 6 - SIEA - lE A - R 2

FEOMEEP T, 7 b VKR EREH TEM L, Bili=—7 (b.p. 30~60°C) %z, &
S EBAKY N CRELRHe— 7 VBRERL, Alll=—7 BOKEL VELTHRHCT 2V
YBEL, KRB LY YA TEKE, FERIMTRAH=—F 1 EBREL TRMEGORERZRL.

HeF)4 FPEEONBEAEE, BE—t5 A tr5ar7n<t, HBs7re~t (TLC), ARHOR
IRARZ b, H—n 754 ARG, BEBRE, 9%+ % 7 ——Afl=—7 L3R, NaBHs @X
BRTARYORILAR 7 P AW ZOHEER X 7. TLCIE 20x20em 5\ % 5 x20cn 7 7 AR ki
silica gel G (E. Merck AG.) %7 7V r —x —% T 250¢ O#HBLL, 110°C T, FH7=m
BRALA—AX, = (2:1, v/v) THEL, X5 110°C T 0~600EMILE T -7, EH LARA
B3, n-—~Fy v —Efg=F1 (85:15, v/v) BEELL, NvEV—2F /) -1 (95:5, v/v), A=
—F l—z— 5 L —FE (87.5:12.5:1, v/v/v) AR, P LERRRIGUTHAWKE, 2= 731 A
R, SELEART /4 FO 7 8 ekl AERCEMO=ELT v+ 2 v 7 e eh b ABERERMLT
FOEERIZI, TARYVE L - TEREYETS. BTREMR, HeF /4 FEBET Lz —VIRE
M ULAED NaBH, #inx, 25°CC2HMORELXTRd. ¥ M arF/ 4 FORBERHCEL S, &
THEBRMIERN v F VORINARZ FARKT,

2. RS54 DOFEERR

KBt L=~ £ 1, Pagrus major (T. & S.), MEERKERBSC 3\ TRAM4ES AeibL T,
FIfE108 5 B2 5 O MERREN ¥ TAARTHE SR TW ST A, I XUHREM45E 5 FiefMt 3 2465
6 A29A 2 HOAEAREN  CAKATHEINRTWIE—HFRATHS.

B RN BARLS SR SRS E RO RBERA No. 6p 2HEAMFRIE L, ThicftMED - =T
v (A-1),r v o #8lo Carophyll Red (10% » v 2%% v+ v&H) (A-2),7 2 B A= DFERE
Bryr AL TBLhARY VIt Rili=—F 1V £90% 2 2 7 =V THERLT, WENLLEBLhL IR T
VE (A-3) EBENLBLhDFY V7 4 A (A-4), 7 2V F ) 7 =BRIBE (A-5), 72V A¥F
) 7= FEEE (A-6) REMLIEDO, BSIVUHBER (A7) L LTEAAROLD DRV, ¥
—EAAY RS L LEAERBRTIE, 72 240 5 =FRREMK (B-1) LHEAHH (B-2) 2EH
L. EASEOHIrF /4 FPEERECOVWT, Fhhbrsrutra—zx/ -V TREYME (4.5%
44) L, TLCEIVBNARY MARBMELTRH LIER, #rF/ 4 FRBALEEIRTHRNT
LB, RZOKSEERN.THTHot. DERRDN v F/ 4 FHRIAENL, deF/7 4 FV2h
We—FLRERL, TheikAfr e TRE L, ERAMFTeAl=—7 1 2BREL, SORBET
CHFIRSE BT L, BRRRENGEN, mEPEk 1o LER SRR RILL T
20EEHEMLTISEAL, BBAEML TRV y PREBEH L, SORKTERIOSAICILSET
BRLUTHSEA L., UEDABTRRA LBAWLRRER L 7 v F /7 1 FHDWIZFBMROWINE
&% Table 1 &R,

heF) 4 FORME, EAFH 1kg 1@ 500mg ®B-» v F v RN LcEIGREEL LT, Thi
BEORy VLSBT D X5 CHAM LI, BL7 2 Y 74 7 =B RoRme sk, FRO
IRESEN0.2 % TEORBFRY Vb ERN26.6 %5 ThHHnD, 500mg ORY VLR EHNT 57D
it 940 g OFSMERMEVS> 2Ly, I~ F I OEBEFF LI LW EELT, MEOEELLT
500 g DEEMEE ML THBM L., LENoT, ZOROHEMESIIRr vl LT 266 mg/kg &7z
5,

3. haF/4 FoEk )

TAYVAFY HF =B, <51 ORFARENOOIRBEOME, AT OMORMER, HEDHRIBEES
BUNIERE - kBB oTe. ¥TLCFv—t LeBBI Wi v/ 4 FEEOHEBUL, EHPH
2. Ozumor ¥ v b A—%—82 (BIABILE) kb7 44r%— No 50 (500mp) v, TD7r—<
F 25 ARHBILTRDE, b, BreF/ M FEORER, 400~500 mpy ZBbih 5 BARIROK
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Table 1. Carotenoids added to the basal diet.

Group Carotenoid Addition amount to basal diet
A-1 B-Carotene 500 mg/kg

A-2 Carophyll red (10% canthaxanthin) 5 g/kg

A-3 Carotenes of crayfish shell unsaponifiable matter 415.5 mg/kg

A4 Xanthophylls of crayfish shell unsaponifiable matter 84.5 mg/kg

A-5 Crayfish carapace lipids ‘ 1.88 g/kg

A-6 Crayfish carapace powder 500 g/kg

A-7 Control (basal diet) -

B-1 Crayfish shell powder 500 g/kg

B-2 Control (basal diet) —_—

KfERRPEL, E1% #2000LFEELTRDE, FLT7 2V DF ) F=FRIFHE, 7TAZFFvFv xR
FA Y 7)) FEID2 VAT B =« = AT VORI L RS Lok, Fh 6o RIE LS
g Arsr< b 757 4 Model GC-2C 1w X b, KERBRHIBZ LR L,25% diethylene glycol succinate/
chromosorb W (60~80 2 v > 1) O3 mAF vV AH T A (RE4m) #H, » 5 AERE180°C Ty
A7 v T RITIR S .

£ B & R

1. FAVAFYH=OHAF/ 1 FERHERK

TAYVAFYH=0FR, WK, BEESIOCHEE»OHIE LI IrF /A4 N, B-DrFYv, TAX
FHVFYV e ZATA, TAZRY Y, TAZFHVF vV BIOBBEOKRAE I v+ 14 F2FEE LTEET
L. BBRT A Y AFY N~ FREERE, ETS XORE, BB IUHBOZRCH T, BEREREK
fELT7 2 vTHil Lcb D, BXOO0.6MBERET ve=y AKBRTAHRT, a4 vIPW 2Ty
M L RE Y BEERE A= - T AR AV THHE LD onwT, ThbD res/ 4 FEAK %
Table 2 w¥ L »TERT 5.

Table 2. Percentage composition of carotenoids extracted from the tissues and
carapace parts of crayfish.

Tissuzr;f;ﬁsh Extracg(l)\r:em B-Carotene Astaxan;shtlenrs Astacene | Astaxanthin| Others
Carapace Acetone 5.2 26.2 27.0 9.9 | 31.7
Muscle CHCl3-MeOH 14.3 28.6 19.7 11.1 26.3
Ovary Acetone 33.3 19.0 —_ 31.0 16.7
Hepatopancreas Acetone 89.5 3.2 —_ 5.3 2.0
Cephalothorax Acetone 2.4 29.9 29.9 22.8 15.0

Pet. etherk 1.6 52.9 21.9 10.7 12.9
Abdomen & tail | Acetone trace 39.1 29.8 17.3 13.8
Pet. ether® 1.6 54.3 20.9 3.9 19.3
Chelae & legs Acetone 1.8 35.6 26.4 18.7 17.5
Pet. etherk 1.3 49.5 21.0 7.6 20.6

* Petroleum ether extraction from the carotenoprotein pre-extracted carapace powder with 0.6 M
ammonium sulphate solution.
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FRAVHFYH=DHrF )4 FEROPMHT, BLTRRRERLTESHFELTCNDY, FREH
BT DR Ll 2R L, TR B TT Az sy v F v LT=A7 A B L LTHFEL
TWB D ERBECHEER - LTEENRTE Y, FRBE LIHRD -2 »F v R RIET 5 RSHEE
ChDH. FREOBERRERT WA A vT) T ud 4 VREFRWELLOGM=—F A3l v T/
4 ¥R, FRRRT A23V vF v« = AFADREL, BHOT Ax3y v F 37 ¢ b vIBOZhCE
NTEBELTCVE, DT &k, HHOT AR v F v BBERPCRNTI FRAZ YT = v DX A Y
Ry BLELG L eF) TRy 4 v L UCEETHZ EETTHOT, 7T v XS REEOR
W X Tk & v R 2B EDEEPMIRTT A2 24 vF VI IR T 508 L, =AFAED
FAREYVF VOB CAEE - T AR s TAARHCHBEN T 5 LBEII D,

2. IYADEBERERLNAF/ M FER

< #1 OEERBRT, WEEWCHET 5 RERFKBEET BKEZRFTOBH = v 7 ) — P KEZME
BLTTo T,

FBERBA £ 71 — FEI0ROY Y fd 2mx 1 mx0.4m OKMIVEL, FKEORE, #HK
OWBELER B BEC LT, Bl 2 HOREXTioolc. FEMENEM44EI08 53 X Y RFILAZ29
H%Co 88T, FROEMRT, A-151193.0g, A-251215.5g, A-321220.8g, A-473261.0g,
A-5723234.6g, A-673320.0g Thotc, MERBKTHR, »rF /4 VYEROSICH LIz~ F1 3%
KON E 5 B EECEATER L, LidoT, APV E S BOEERIZOYELLT
BZEbhs,

FERBR OGN RERD SEFLAMBE L 5 B% Initial L LT, ¥4K5ROWTIEEORR
BTEOKE, ZEBIVMEORBEERE I rT /1 FOGEN Table 3 KRREIW T3, FHOWME
BRI - THEEHELTARD E, A-I>A-3, A-5>A-4>A-T>A-2>A-6 OJRT, B-rwsFvih
EARLEL, 7 A VA ) H =R RENKAR D ECEYR L., ¥REROMBHRASRS, #L
TERIBFCA-IRRE TA-HREHETH - 0.

Table 3. Carotenoid content in the integument of raised red sea bream.

Body Total Fresh weight Lipid content | Carotenoid con- | Carotenoids) Total
Group | weigh }(szr: o) of integument | in integument | tent in lipid stored in }(Aver-
(g) & (g) %) (prg/mg)  |group (pg))  age)
10.0 2.1 3.5 | 1.1 180.4
9.9 1.8 4.6 ‘ 1.8 153.7f 552.9
Initial 13.3 2.7 8.2 0.4 89.5
14.2| (13.0) 2.6 6.3 0.3 48.5| (110.6)
17.4 3.1 6.6 0.4 80.8
18.0) 4.0 4.6 0.3 55.0
20.5) 102.7 1.5 20.0 0.4 116.2 266.0
A-1 24.3 4.7 4.8 0.4 90.6
21.5 (20.5) 4.2 3.7 0.01 1.6| (53.2)
18.4 6.9 3.8 0.01 2.6
15.7 2.9 4.3 0.7 88.3
14.7 79.0 2.7 3.8 0.7 71.1 368.4
A-2 15.2 3.0 4.1 0.4 48.6
17.0{ (15.8) 2.8 3.9 0.8 \ 86.3\ (73.7)
16.4 2.6 4.0 0.7 1 74.1
16.5 2.8 2.6 0.6 43.6
: 20.3/ 101.3 3.6 5.5 0.4 79.0( 260.7
A-3 22.1 ‘ 4.0 5.1 0.3 60.2
18.9{ (20.3) 4.0 4.3 0.2 34.3| (52.1)
23.5 3.7 3.9 0.3 43.6
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15.8 2.8 2.6 0.7 50.7

18.0/ 86.2 3.2 4.2 0.3 40 1 211.3
A-4 15.9 2.7 2.8 0.4

15.7) (17.2) 2.6 3.5 0.7 63 4 (42.3)

20.8 3.0 4.4 0.2

21.3 3.6 3.1 1.2

18.9/ 101.4 3.4 4.8 0.7 114 o 637.2
A-5 18.9 3.2 3.6 1.0 116.1

22.6| (20.3) 3.3 4.5 0.6 89 8 127.4)

19.7 2.6 3.8 1.8

13.7 2.9 3.3 0.7 67.2

10.9] 75.0 2.6 2.8 0.6 42.7| 415.1
A-6 15.4 2.7 2.4 1.3 82.8

17.1 (15.0) 2.8 4.4 1.1 134.7| (83.0)

17.9 2.9 3.3 0.9 87.

14.3 2.4 5.1 0.1 12.4

16.9] 85.2 2.8 3.2 0.7 62.2| 178.8
A7 18.8 2.9 4.3 0.3 37.7

16.3| (17.0) 2.6 2.9 0.4 30.1| (85.8)

18.9 3.1 3.9 0.3 36.4

RBRTHCE V-7 O 84 %L ) EFTHBRNCGEYBE LCERTIE, A-S5L A6D 71—
FHM BN THEBR IRTWAHE Erahic. A-2 ARBIEBE LTV B B SWTR 2 722, o
A-1, A-3K IV A4 3A-T ORBORBELEFTE HIBOREBREBLEBDOhithote, Tiebbh, ¥
< X4 OFBRENHBICESTEDORADIX, 74V AF ) F=BRIEER IOFRNEORIRICE
WTTHo e,

éBkézowiﬁk;U@L%ﬁéhéﬁwn%/4roﬁﬁﬁ%&&ﬁLf&b&,a&%ﬁﬁ
(Initial) 1 R@FH 110.6 g HF I T b D2, 8 BHMEAFRLET CHEShAA-7 12 35.8pg &
B LIl RLic, CONBLEABRMAMK A-1~A-6 XL TARB L, A-S5DT 2 ) 7Y 7=z
FRBERHEMULIC 7V — T RREEEZR L THBO 3 ~4{E0h v F 7 4 FEREIE LY, ROTHERIR
IO A-6 BIRHRD 2 ~ 3 fE5DEAR L, BiCHRAEIZIL X {—FK L. Carophyll red (10% % v & *
BV FvEH) WIMDA-2 ITHBOW 20 h vF /7 4 F GEERLED, MXMhidBodb L%

WEEERLTWS DD, ThEBTIRAL, MRS~ THERERIIRDH ., IERBEEY 7
—ALTCTLCTREMEEDILT VY b A —2—ZhTT, 751 DEARCRIBEFEOENT AxFH v
v e 2 AT AVDORKLOEEEEGL S LI, LToOfERE Table 4 wiRd,

Table 4. Content of astaxanthin esters in carotenoids extracted from the integument

of raised red sea bream.

Group Astaxanthin esters (%) Other xanthophyll esters

Initial - +
A-1 —
A-2 +
A-3 —
A-4 -
A-5 40.0
A-6 26.8
A-7 -

+ o+ +++




54 B X6 - RJIEA - il A -k &

TARFYVF vDE=ATLILA-D I—FEL bR, A-6 BNZhitkE, A-2 TREFERERDOI
EETS, o s/ — FTELL BB o, L, RAETRSIANEFS VY 7 40« =AF
NELTYFEFVFY s 2ATFAOELVIEIALTFA vEIVET Y v v EFhbD4-7 MEEHDO =
AFAMIBILhEheF 4 Fit, NBREEDLRCHFELE.

BHE IO HReoWTh, £7v—7HBzhd 8f0rbr7reesra—rx /7 —1"® TREYHH
L, reF/4 FOSGRYAE L., FORE%Y Table 5 wi#$+5.

Table 5. The carotenoid content in the muscle and liver of raised red sea bream.

Muscle Liver
Group Lipid content Total carotenoids stored Lipid content Total carotenoids stored
(% in average) in the group (pg) (% in average) in the group (gg)
A-1 6.6 14.0 12.2 1.4
A-2 5.2 5.7 9.2 2.0
A-3 5.0 6.4 16.3 0.7
A4 5.1 9.4 11.5 1.5
A-5 5.8 10.4 13.3 1.2
A-6 4.5 11.2 9.9 2.4
A-7 5.1 7.9 9.2 1.7

£ I —THTOHABIOHRFO I v F/ 1 FEROEELEIRDLIT, TR IV

BOSHEELHELTERDTHETH 1. LMo T, = FARETBAvF /4 FERODMHLT 4V
AV H=LFATL, TORBMIFERLBERINT, ZOMOBKTOEFEHNARIE S ThHRV &
Wi b, -
FAERRB : £k /v — 76RO 1 FRAXFAETARBRADEHTHRNIC LR UKL AT, B465E 6
AVA X vAES8 A2TA FTD 2 ¥ AR, AARAFF O BMEERA No. 6p EAME (B-2) &1,
RERBRADAG LA UL 7 £ V74 ) 7 =FRMKEEARFEHC 500g/ke OEIFCH ML THEL Lic
ik (B-1) CHERBOBRE TRk, ZOREARBROKEL Table 6 iR,

Table 6. Body weight gain in raising experiment.

Initial Final Gain
Number of
Group fish Total Average Total Average Total Average
1sh weight weight weight weight
(8) (8) (g) (g) (g) (g)
B-1 6 600.0 100.0 730.0 121.7 130.0 21.7
B-2. .6 565.8 94.3 - 845.0 140.8 279.2 46.5

BEBEOHINT, FAFARRAOCHSE LA, FEMRGMANKINRCHKLTHY, HWEEHFEY
UFChot. i, AXOBHERIRABMFPTALHh 1keT, MbHEEREHR S RRICLE L CRRMEK
RixH o ERER LI,

fAEBRMARRC IR X v EfERMIE L 6 B (Initial), 7 2 ) 2 ) 7 = FEBRIRMK 35 L OEEA fh
REeoWTHABRK TRERZh 6 BY | RBECERES JUE#ENL7 « b v TIREYHIHL, Ali=-711
BITSRTHAE 470mp RsB5BHRMELREL, |REORI mF/ 1 FERERDL. e dnF
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)4 FOSEYafBECHT2 mg% TEbL, —fHictofER% Table 7 iR,

Table 7. Carotenoid content in the integument of raised red sea bream.

Body Carotenoids Carotenoid content
Group weight } ( A’}z‘:::gle) stored in } C A’{;gglge) to body weight } (Average)
(8) group (pg) (mg2)
135.0 220.8 0.164
04,4 9%.0 1600 9324 0179
Initial : : : (0.167)
8L.60 (957 166.50 (155 4y 0.204
86.0 D 94.8 ' 0.110
69. 103.8 0.15
151.0 270.5 0.179
138.8 307.5 0.222
B 120.0{ 730-0 202.5 1424-5 0:169( (0 197)
116.2 15 7y 187.00 237 4) 0.161
113.5 234.5 0.207
90.5 222.5 0.246
160.2 214.5 0.134
159.0) g4z o 215.0] 1002 5 0.135)
B2 146.0 184.5 0.126( () 9y
142,11 140 gy 168.00 145 1) 0.118
127.0 153.0 0.121
110.7 157.5 0.142

Initial 1c#f~, HEAFHCHBELELORIBYYOFERY v F/ 4 FIREEMLILIARZS
2, = 54 DEEYS )T LRA LTE Y, TEMOZIRDE. LaL, 749 7% )7 =FEH
R E LI /A — 7R RBOLO LD @ eF/ A V&R, HELIONrF/ M F FREDCHFEC
e, MERRAOKEYERALL. Ibk, MERBRO~ M OFELYEELT, FREARFO~
FAIRBO SO L DAREROFEEIE T L EFRDT

i, RERE R I VA« = AT ADRRIEEEIE AV I F VERTHD L Tnicdt, ERRIE—D IR
3T, TAVAFIH =R IO FADT AR FH v F Y « = AT AVORYBEBE A7 =< bIHL
<HBE, PV VLY FERLX S cHa DRI OERIh TS Z &R AR,

% £

RE@%é%ﬁmﬁfaﬁﬁwﬁﬁaLTnéi@(&wmuwmm)ﬂiﬁm%@f,%hbm%éé
#M (melanophore), #wEmEFEK (xanthophore), i (erythrophore) Ik OMCRa  (iridocyte,
guanophore or leucophore) TH- T, hrF/ 4 FP2EFEETHIHIOIHEEBR L Uk FERao lipophore
Tbbm.Ltﬂof.%hbéi@OW%%tﬁEK;ofﬁﬁoﬁéﬁﬁmbf<6.§m7ﬁ4ﬂ@
BLTERERABOTLBEWS Ly, nrF/ 4 FAROBE - T lipophore ThH mEBER
L= A4 DBERFRBEEBORENED LoD, 7= vEaRETsRAARROREI AL
ST BHLDEELDND,

Fr20 13, ~ £4 R L fAaBNTET 7= 25 LTHEHA L, 101 BRRRAFROKERIZ LA
RWEER E TRES R, 7h=EORKET CRERN o, ERFIULTIR, XM DI T
/4F%mmb,ﬁﬁbtﬁ%,?xﬂ##V%VDm»%4v,55#%7%7%%%%}1&L,%@
FRSET AR EY v FVTHDEERPONRL, SORRRTHA LREXHAADTAZFYVF VD
SREYHE LT, BEIRMEOLT, MoD 7 A2F Vv F Vv LHEELTWEWT LREHLL. KD
B, < FARR=FrEYEEL, R=FrH0T7 ARV VF YRT LA CBT LTREBHEOREARS
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Ropsz ki, BRKRLT =y, FLREKRPIIGHEAFT7 I¥RELCHEDOEETS
LaR BTN, FROLOFEOTFESE LT HRD= F1 DX 5Eentidicd, &40 By HO-aR
HETHER LG, Licdiso T, KEEL OEBRBE CIXOPEC IS 2 7 = vBFROKNL, <&
A OHEERTS LEEIND.

AERICHG 6 EOBXA R TS E, ABDT7 AV AF ) ¥ =FRIFEFD L DOHEMIRD B
FChole LIL, BREEROI rF /4 F,ERTAZFHVF v ELIVFDZATANRT XML »
THRINEN, RREABT - EEINI LE2BHR TS, TRASKIUB-IRADNRD X5, 72V A
FY) A = FRROGMOAL L ROAHENB LN, 7TAZEY VT UGS, =AFARBL LS 5 A
FUT=vDY 5T v BEOEAKEKRSTWTY, R F1 BGERORACFIFLEL Z M
Nebh, BL, FROHKOREFRGIHERIMICBESTH>TWDZ b, w51 ORELEE LT
A SWEERTHS. A-1DB-DedF v, ~ &1 ohBHEcELTRLIOHELIFTE
e, w2, BREDLHCET S, 2AFI0REHRB-IuF DXV V7 4 VEANOBELARH
BENS > T X OBbhs, ez~ K1 R ERERIN L& LTS, RER~DE VERTHC L
ToWI0 1D 1o c D S - T ORMEBEENRE T LE, TRrEX I VAL LTCOYREOBENLE
2 BND. FA-20H VAFHVF VHEMEIZA-5, A-6(B-1) KizdkTh L BERHRLR, v
REFVFUNTAZETV v FVORIERED L LT 2 E2RBT58DTH-Th, = X1 DiEEfeh
RESTEWLDEEZBRD, LHLihsb, AEROA-2ERBEFCER AL 7 A2FyvF v
cmAFARRH ISR T Lk, EEICH vEFY VS UNLEBRINLIDET R T, ERACIIE
DEHVEDTENEBREINS, 72V A2V H =% s VELTELRETRY vehE I b fiL
THELNIA83D I vF VR EA-4DFH v 7 4 VRIZ, TEEIDESRDLREr o, -
HeFVOMBERELRI STl b, A-30d v VEORRIINGETELL., Ibler VT D
EREST, TARFYVFVIRTAZYVREBILT A2 L0, Bbhicsy v 7 4 AHDOERD L&
ZBRBT ARV VIITEARE o TRIRBEXOEEANOBITRE RS DEHELOND, LichosT, A-D
OBEBERERICAONE Lo, r L Thbhed /A FAFEYSBELTESETHZ LT A2+
$vF v OPRHDHELRT A% Y  ICETETE LD TH-T, JREFDEEFOWTIHETRETHDL L
MWOMDZ B,

PEDEERI Y = X4 DEREHBBALT, 7TAVAF V=50 B@EI»vF /1 Vi fIBTHES
, WD D= ATARDOT A2 F Y v F v EEURRBELO O RETE 2 LRI HENTH
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SUMMARY

When applying an artificial diet in the rearing of red sea bream, Pagrus major (T. & S.), one
of the main problems is that the brilliant-redish-natural color of the skin and fins fades away slowly
and turns dark. Hereupon, in order to improve the color appearance of cultured red sea bream, a
feeding experiment of crayfish (Cambarus clarkii) carapace carotenods, in which astaxanthin in free
and ester forms, astacene and S-carotene are major component, added to a basal diet (Nippai No. 6 P
for trout) was experimented.

Red sea breams of 5 months (A) and 13 months (B) of age were grouped according to the kind
of addition and raised during 8 weeks for the former, and 2 months for the latter as follows: §-
carotene (A-1), carophyll red (10% canthaxanthin) (A-2), carotenes (A-3) and xanthophylls (A-4)
separated from the unsaponifiable matter of crayfish carapace lipid, crayfish carapace lipid (A-5),
crayfish carapace powder (A-6, B-1), and control (A-7, B-2) of basal diet.

The effects of the diet on the fish pigmentation were determined by naked eye observation, the
total carotenoid content and the measurement of astaxanthin esters in the integument, muscle and
liver of red sea breams. The group A-5 was significantly better colored, A-6 or B-1 came after,
whilst the other groups remained almost similar in appearance to the control group, but A-2 indicated
a little effect. Analytical examination of the integument showed significant increase in the level of
total carotenoids as well as the deposition of astaxanthin esters in the group A-5 and A-6 or B-1.

It may therefore be concluded that when red sea breams are fed on ordinary rations plus astaxan-
thin either in the forms of free, ester with fatty acids or crustacyanin, they will absorb and deposit
astaxanthin mainly in the form of esters in the integument of the fish. Moreover, the metabolic
ability of red sea bream in the conversion of carotenoids was compared with that of other fish, such

as fancy carp and goldfish, or crustacea, and was discussed.



