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Table 1. Diet composition

Group
I )i m vV
Commercial diet 100g 100g 100g 100g
Krill oil - - 0.21¢g 0.21g
Ulya-extract - 1.0g - 1.0g
Total 100g 101g 100.21g  101.21g

AOEEENAE 86 HEAELAOL, £K &0 10 BFo2BEENREICH Ul NIERIE
WA B M S L Fme NSRS (KRS X 100,  FRMRTE GAGE/ kB x 10, Mol i (ol i x
10, BLUEE/ X 10hH6RD

MAESEY - MIFSRAE RIS 4SS A IR & L, BXI10BAID & FRIINNICLD ~vy VAl
B 2o 05EFI it U, BB I E 0% A0 C Hematoerit 18, Hemoglobin (V7 ¥ 4 bk , 3R
IMEREL (= — 224 Mo 7"~ M 10001C & B Hfais) ZIE Ui, 2RO OIiid 3000 rpm, 10431
LAYEEL THEEE D, MTolEdt Uk, +7bbe ONFHE L hERT &, By vy BERR
Illﬂ'f’é@ By Ly MEEic LD, 7’1117"5 v/ a T R ET e  E E &  A MRE ER 7

Yoy MREICED, BIEE ALY vy vERSIc kD,  Triglycerides 8L TY

v N H R S D R e TR Tﬁ&: TBEMY Y T4 FlESy b (TG~E) BLUY VIBHNE
9 (PL-E) ickb, MEEEEREMI v —R4 405 —HEEREET S/ va~2 - B
AL, BEEBREEAEEMNEF ALY b -KIZKD, TRENIEL .

BHO—RST SX5ROTRERD, B &ioks, K, Mo vod 8, BEENEL . K
5, KB BHETTO, WMy v Bid Kjeldahl #, J8E i Bligh & Dyeri#k® ic3$4°% Methanol -+
Chloroform Tfith L, HREZME L7,

%‘@ﬂ%@mﬁﬁ Bligh & Dyer #: Tl UL72lBH >0, Merck BHPTLC Silica gel 60/

| OWEE LIcEE 2 5 x & U VIEE AL 72. i UWIE Chloroform « Methanol « 7K (65 1 25 1 4
v/v/v) “C';'fiﬁf‘f{@tb 1% G L, BHZ#%5:0 T n—Hexane » Ether » FEEE (87511251 vwwv) ¢
St CREM U, MBS o 485 U v 48875 BHERE EHERME L k. BHLOERIEF Y b
A= =T ol £, PTOFEIED Triglycerides 23 FHi% ks o= 1775 74— CTHE L/,
T, Merck 80D PLC Silica gel 60 F—254 SH#iE% 0T Triglyceride i34 MU TERE L,

SHTICH, FARS T HBIE Sk o< b 475 7 Twincle i€ Fine pak SIL CI18 %&FHI L /oBEE 4.6
m, X 2BamdDA T L%, B & LT Dichloromethane « Methanol (119 vwv), ## 1.5m
/min, WZEGIEA €= -~ UVIDEC 100~ 11, #E220nmTIT» #2o Triglycerides {055
LTCPHHBTHEMNY 770 25 1 FIEAS (Tripalmitin, Tripalmitolein, Tristealin, Triolein, Trilinolein)
Tz,

TEARRIQAT /A FOSH HBR 5 RBOEKREBAEMY LT Acetone 50mltric A —Bs T €4
25 /4 FEMH U, 2O Acetone TlIHHRICIK & #~ Hexane %A, 7w F /A4 F% Hexane JHICF
s, Bh 07/ 4 FOERI n-Hexane HICHY 5 470 nm® UL B % =200070 5k, fulk
100 ¢ MDA e T /4 FIiItELTRU e AuF/ A FMIKGEEs 0~ b 75 7 4 —THEEL T
Vb A -y —TER LR, WBICE Merck BHPTLC Silica gel 60%, REIENIC n-Hexane » Ethyl -
acetate (8515 vwv) ZHuvic,
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Table 2. Growth of red sea bream reared with various diets

Initial Final Feed Protein

Group body weight* body weight* efficiency efficiency MOZOZ\)IIW
® 6] (%) ratio (%)
I 64.5 108 49.7 92.9 2.6
I 80.0 127 50.3 94.0 2.7
m 71.5 130 52.4 97.9 5.6
v 63.0 122 58.6 109.5 5.0
* Average body weight
B3 R OEEENNEGEERY, [ REMREOMTEROFELIC OV TREERIT-12LT A,

o, I, WK, iR/ kgt ks, PERRIFCHB T 4R LI £Aomit, BFE
O EOCEEIA A SN b, ERENIBITE R 53R S Nh » 1o IMKEFENDHT G Hematoerit
fiti, Hemoglobin, FRMIEEGLIE, H, WVEHIKLDEOAMCY, MCHCIRER R -7/ (4
) .
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Table 3. Biological measurements of red sea bream

Group
I I I v
Body weight (g) 107+ 18 116 + 14 125 %32 121 £19
Fatness 3.80£0.27 4.29+0.29"° 4.060.31"° 4274039
He/BL"’ 4.51+0.16 4.57£0.07 4.590.14 4.63£0.15
wia/BL"’ 1.76 + 0.06 198+ 0.17"° 1.910.06" 2.00 £0.32"°
wid/su"’ 3.90£0.18 4.11+0.39 4.03 +0.38 4112017
vsr™? 4.00 £ 0.67 5.23%0.94"° 5.60 %067 53220547
HSI™® 1.14 £0.19 1.48 £ 0.41 1684037 164031
pr 36.4+8.7 33.0% 8.4 39.6 + 13.0 359 £13.1
*1 Body weight/body length® x100 *2  Body height/body length x 10
*3  Body width/body length x 10 *4  Body width/body height x 10
*5  Viscerosomatic index *6  Hepatosomatic index
*7  Intraperitoneal fat ratio *8  Significantly different from group I (p < 0.01).
*3  Significantly different from group I (p < 0.05).
Table 4. Blood properties of red sea bream
Group
1 i m v

Hematoerit (%) 23.3:2.3 30.6£3.7" 323229"" 30.8+29""
Hemoglobin (g/100me) 4.9£1.0 6907 63406 66406
RBC (10°/mm®) 3.15 £ 0.67 407035 3.86£0.29" 3.824 045"
McH"' 15.741.9 17.421.1°° 16.3 £2.4 174£13"°
Mev™? 76.5 % 14.9 76.8 + 4.4 84.29.2 81.145.9
McHC™? 211433 22.8+1.2 19.5%2.7 21.5¢1.3

%1 Mean corpuscular hemoglobin

#2  Mean corpuscular volume

#3  Mean corpuscular hemoglobin concentration
#4  Significantly different from group I (p < 0.01).
#5  Sienificantly different from group I (p < 0.05).

86 RICHIBRAOSYHHEF o TAYV ZFRERE U, VRTHBIEHER, WA,
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Table 5. Plasma constituents of red sea bream

Grou Protein Albumin Lipid L/P*) TGM NEFA*3 Sugar
roup (g/100mQ) 2/100mg) (mg/100me) (%) (1Eq/100mg)  (mg/100mg)
I 5,73 £0.42 3.2320.26 1140+ 270 20.3 ¢ 4.1 27298 51.1%3.3 26.4+9.8
I 606048 3.49:0.27  1500+38° 24.7¢58  33.5:149 633:100°" 38096
i 5.96 £0.78 2.55¢% 0.84%5 1700 64M 29.0 11.7*0 26.7+11.6 53145 24.4 £ 6.9

5

IV 72621210 239067 1581:450°° 26.9%97  37.7:147 ST1:75°  36.7:8.0°

*1 Lipid/protein ratio *2  Triglycerides/lipid x 100
*3  Nonesterified fatty acid *4  Significantly different from group I {(p < 0.01).
*§  Significantly different from group 1 (p < 0.03).

HRO—BAPHREE 6 RicRd, I, U, VKO v BERME L, MIcKkODbne &
SN TH - 72hs, [EHOSHBRERES 1.6 - L8 THERDENIEH - 17,

Table 6. Proximate composition of dorsal muscle

Group Moisture Ash Crude protein Lipid
I 77.5%0.5% 1.3+ 0.1% 19.6 £ 0.8% 1.6 £ 0.4%
I 74.7 + 0.8%* 1.6 £ 0.1%* 21.9 % 0,8%* 1.8 2 0.6%
it 75.4 £ 0.6%* 1.4 0.1% 21.5 £ 0.8%* 1.8+ 0.2%
v 75.4 + 0.5%* 1.3+ 0.1% 21.6 + 0.5%* 1.8 £ 0.3%

* Significantly different from group 1 (p < 0.01).

Table 7. Lipid class composition of red sea bream dorsal muscle

Lipid class ; - Group = =
Cholesterol esters o o 17
Sl 5.6% 5.6% 4.1% 6.0%
Triglycerides 28.5% 33.6% 38.4% 42.4%
Fatty acids 10.0% 10.7% 8.8% 9.0%
Cholesterol 12.6% 9.9% 14.6% 12.4%
Partial gly cerides ) 16.7% 12.6% 12.0% 9.1%
Phospholipids 26.6% 27.6% 22.1% 21.1%

TG/PL* 1.07 1.22 1.74 2,01

* Trigly cerides/phospholipids ratio
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&IX 6 BOWEEDL WA i Ll 2RO kb idb, ZOIEHMREEREs o< 77
74 =TCERLL BT758) o Y 5 Phosphatidyl choline, Phos‘phatidyl ethanolamine,
Sphingomyelin,  Lysophosphatidyl choline O 4 B33 HE L 7248, 87 ROEE Y 7 X OHlKic
BENSE—ELTY VIBEE LTRLE, EROBHDIEESREA—TH» icbhib oy, JFH
Wk, 1, I, W, WEXOMHIC Triglycerides D LE#AE W A HEA S BN, TA YA, 44
T3 A A v OEREG IS EHRICE LA S A T, KR Triglycerides DIERICELMA SN DE, FK
DFPD Triglycerides DNFHIAWA? v~ b &5 7 4 —CHE LR, 052 HOBIMRIRS L
i€ Partition number D/PEWVERAA T, W, WEKICHEGE L, Triglycerides A FHICERDOH S
T &M to, M, 2 BICi3 D F Triglycerides FEHEF OEHB &R L,

w

Group Il

Fig. 2. High performance liquid chromatograms
of triglyceride fraction of dorsal muscle

Group I
Group IV Column: Finepack SIL C18, 28cm
Mobile  phase:  Methanol-dichloro-

lipid from red sea bream.
methane (9:1v/v)

Detection: Absorbance at 220nm
Standard Standard triglycerides: Tripalmitin,
. . . » . tripalmitolein. tristealin, triolein,

Absorbance(220nm)

© éé!]tention %gme (min%o trilinolein

Funtad®, =404 %7 34 4 vDEHIAEOBRHDE LICHRNTH B LEPT oML
TWAHEDT, EERBHCMED S EEbNE T Ay TR 54+ 7 344 v ERIEHCERE L, 205R%EH
fro WORIEL ORI H B F 2 4 P, BREBRTLIICA ST I 44 LOPRAEYFIED L TE
D, WIRGIE ST, VREBHSHIBFEERBERL . LHLEES, TAYZ+2ORE5E0 57/
4 FERBOMAE 035 KHBRNRIERE b T, o F/ A FOHEI o~ 2757 4D

Front —s

J Fig. 3. Schematic thin layer chromatograms of
carotenoid on silica gel plate (Merck
HPTLC silicagel 60).
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Table 8. Carotenoid composition of integment of red sea bream

Carotenoid composition (%)

Carotenoid
TP el umeow Awentin o Tt
1 79414 6.3 417 52.0
I 8814 3.8 46.2 50.0
m 128:27"" 0.8 62.2 37.0
v 106£15" 6.7 61.5 31.8

*1 - 4p/100g body weight
*2  Significantly different from group 1 (p < 0.01).

FERA &7 A A EH T OBEDICOEEL, Yamacuck! 50 DTS E» HHlrd 5 & T S Astaxan-
thind & OZ O Ester KM T B0 THD, TRoDRADE &EAEBBRILIKED Rfﬁi 0.15 LI TD
Astacin KZAL LTz =84 KEDONaF /4 FELTI ~ NROWFHICEWN T ORI TR ML LI
v &4 DRFOEHNELBORS (RS 0.55 - 0.70) KIZELBORFMEMAENL LB VRSB H D, Fujrra
519 p8#4 | 7 Tunaxanthin 5% BOMAMCHN T3 0L EL NS, TREDEVRS0.20 - 0.35
ARG SR E o EREE B L, AFT IAANDhaF s 4 FEFPORAEAERL, Bibickd
RFDOILIT LM -/l &, BRI <2 bovds S LT Astaxanthin ester 7')*‘335253” EEZ LR
o iz, REEDHATRS 015 MDD Astaxanthin &HZ 55,7 FUIK BEREBORSHR
W5t BlEdb, Kavamad o™ & EE, ¢$T°%4w®&@c&ofvﬁ4®%&t@£&
LT Astaxanthin ester 25000, HSHYCERFOEVEEBOH o 7 /4 FOLBIED Ui,

BlLEDED, ENEFNORDw & 4 % —BRIGHERFERRSIC UTRFBOZE, Sl dHALL
K, H 00 BOFMTAV L FRERE L TR ENVEOBREDLE » TOTRMS BT & 0% 52
FDFEGFRTH - 12,

% =

s 154 Acanthopagrus schlegeli ICHd BT A wEROWETE g voo o WhRHE L LAY 4, =
AL T A H T F RS LR ROBATEEOMBREBD oNED o /e A+ T IA 4 VDR

}] 74— FdAnE LTORBOI DD, bPFL RO EEER, 5 v BHRRE LKA b,
A CHIRE RS LT S2 5 0% IR S OWIRIY B & U= F Seriola quingueradiata e
3 ¥ 7 Laminalia digitata ¥yREES LA OBIRY CHEBEOMNBRD LN, a5 1Ky 4
PR LAY KB 0T ORROHRNED SN T 05, TOLD SilFERE I & 5 [EE O8N
DT, #5)" Furuicun 5'° OO & 5 icigllith o fmpitit oo S X 3RS E X Sh
5ECAHTHY, BEIDL D ICT 2 OB TRIGHICE/HE Clid - fo T & B RYEHD &N Eh
DR EG VA LD, THETY 3L I Chlorella vulgaris T4 2% /~2F 272 Plecoglossus altivelis

S U E, WIEEEREL 2 vE ~ GRSy vy HOBBRZIISE 58 RER LT
Epb, 70L5 o2 EIRHABICHEEERIELTOS LTSNS 7oAy n 3R E <54 Ik
LSS, RBESRIEEROIEs vy oM BT OELBA LN T ED D, T
A T 24 b IFEHHHC I B IS OIS 5 L & E B, KBS BRK~ 51 L3~ 51
DNEE% i LT Triglycerides O T3 & UIETABMICEROH 5 L L ABNTH S, KPFHTHE
Triglycerides O I EENBIINEEE VTV ADTRES OWEG L OBE TR0, D EbT
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A2 42 OIS T Triglycerides O TRICEODEL 3 EAHIE L 22, IEEHEK S L < @k io
BOBHBADORNOHBELTELLNL D,

NeFLy a LSRR RERMUEEE RS 5 & BT OBEATENEE » 20 &b DY vy
A DG e F /4 PRI 274 4z 5 2 OBBYF S Nicds, SEOEE, 74 Y142 icidmiy
BLUOKREDON 0 F /4 FOFERBOB EREITT A F7 34 4 0 & OBBHREBED SNIH - 12,

S RE KB 0T Hematoerit 413 U Hemoglobin , SRIERMADS 7 A4 4 2+ 2 Bk U 47 3
A A DG THIER U &, PEROBIP X4 fUCiE LR TRI>TRED S NAD -
TR TH B, | ROMIEMURRBRBICS - 2 L BbN B8, MRS EE Mg & LR
LSS ROBTHE LOERIEEP - L &b 5, RS E TR L S MR BIE -2 b
DEEZ SN D,

ET AT, EaABRE, HARERERSEEERICBOT, RO~ &1 Bt o 7 4 4
DEFHFEBINLTO S EMLE LB IS LOBMEE TV S, 2 0MHE L ORI >
AR S CTRAAVD, COX D WHHHEIULA S L ORBEWDNS » TOL EEEZTHY, RUFSUIE
i SN BKERICB Y 5 < 51 OFHHEOBOCRBEOENE E LE L &b, BHOBRE~ 74
KBTS EHMICEENEWRER Db O LR XN, RANWRMREERT S 70 EMABOMHTEE VS
Bl b b AHE HRFIITIRI 21T L3N E S S,

E:3 #y

1) EEARRHC T 4 4 Ulva pertusa T4 % 1% (0.5 B0 7 A BRICHY) RINL /=88 % = 541
Pagrus major {5 LT 86 AT L/ &£ 5, Hematocrit flf, Hemoglobin i, sRIIBRECEIM
BHOHN, KRBT 2B 08 5 LW S HEM D - 7,

2) TA Y FRREROMITLS I, BISH, BAERE, MBENE R0 TAT Y YMER Y5
HHEA B SN Fh, ChSE MR DI 5 EEBERA SNIED - 2,

3) WHO—BMMFOME, 74V =+ 2 OHSEIE DY vy BOWINEKRIORDHH SN, 1§
HEiic 3213700 » it b phh S FIFEMEICHE O AA S5,  Triglycerides D HEAEIMN L 2o
Triglycerides Z@EMIREI v b 75 7 4 ~THWR LI LT AHFHICEODL GH, TAYZF2
O = 51 OIFERBICAShOBEERIFLTWS SO LRSI,

4) =54 kEROH e F /A4 FRBHICRIEST T A Y242 OEE B B 72, 447 3 Buphausia superba
A A NERIDL AR T A5 2 & R B MATERE Uk, ohoF s 4 FENROR ey
A & X OFEHRE L - foo

i 53
RBFEDBITICH I 0 A& 7 LA A WERET & » L BARKERR S IcH LSy 2 LE . 7,
< 4 OE % CHREMROBITICR 2 1710 o 20 Jo AR SRR EE SBR AR s 4 [HREHEMGE Crie i R K ie
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SUMMARY

Red sea bream, Pagrus major was reared for 86 days with Ulva-extract supplemented
diet and the physiological merits were investigated in terms of blood properties and body
composition. One percent of the Ulva-extract (corresponding to 0.5% Ulva meal) which
was extracted from Ulva pertusa with 60% ethanol was supplemented to commercial diet.

Ulva-extract fed group was differentiated in high values in hematocrit, hemoglobin,
and red blood cell number, and high activity in a water of high temperature (ca. 30°C).
Plasma properties were not directly affected by the supplement.

The Ulva-extract contributed to the increase in protein and the depression of
moisture in the dorsal muscle. While muscle lipid content was not influenced, there
appeared qualitative and quantitative changes in triglycerides. It is presumed that the
Ulva-extract is available for the improvement of lipid metabolism.

In addition, in order to determine the effect of the Ulva-extract on carotenoid
metabolism in the fish, the diet supplemented by krill, Fuphausia superba oil and the
Ulva-extract was fed. However, the effect of the Ulvg-extract on carotenoid metabolism
was not found.





