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Comparison of Lipids and Vitamin E Content with Growth Stages
Between Cultured and Wild Olive Flounder Larvae (Paralichthys olivaceus)

Kwan-Sik JEONG

Fish Culture Division, National Fisheries Research and Development Agency,
Yangsan-gun, Kyongsangnam-do 626-900, Korea

ABSTRACT

The cultured olive flounder larvae given nutrient enriched rotifer, Arfemia nauplii and
commertial micro diet were investigated the changes of lipid content, fatty acid composition
and vitamin E content in whole body with growth stages in order to compare with those
of the wild one.

The results obtained are as follows.

1) Lipid and vitamin E contents of the cultured larvae were higher than those of the

wild one.

2) Clear differences of fatty acid composition with growth stages, especially 18 : 2n-6

and 22 ° 6n-3, were recognized between the wild and cultured ofive flounder larvae.

3) Changes of lipid content, fatty acid composition and vitamin E content were found

to be affected by dietary composition given to fish.

4) The wild olive flounder larvae were found to obtain natural live foods containing of

low lipid content and high concentration 22 : 6n-3 based on the fatty acid
composition of the fish.

B
g
lo
e 2
4
—‘lh
o
b
o
oo
>,
N,
)
o,
I
42
2
9
T
z
r)J
o
fr
o
>
o



A Y B4 WA AFLZA AR AYE AT Yok 2eht olH FAE % ARE T
2 FEE FR A 7149 F58 VAOE o= = YF Tl Heshl B ob A R
W P10l sl SYEA BT ol TR ANF AR oirlel 4 B U A4 BAS 4
Zne) W Taish e AM ol A B AFZ oY AAY FA 5 2 FRY Yol B
BAUES 43 Qe ARl ol BARSL GG TR YUIN B ohizh R HF Fel
HEEAE YA FBS M A0 AANEE FH B4 /1Ee AL vl TR 2
Pyl o A2 N1 Atk b TR A FHL AT 4, s S vz

AEES] o] WA

olelg HHA B ATE WA FE AN Ve FYS 9% FHY A4 I FRE 27)
4% wol 2 uPat AlE APe] Baz e 7x ARE 47 Asted AF YA FR AR

Al w2 A =24 2 HgY E FF HE dd °A F

b
fo
=
2
o
I
5
v

AS % P

AA @z 2= 9B AsR ude(=E) M A AR 15~60 mm 2719 AA S
5mm 37 §9 2 253 AL 247 AR A A8 g on(Table 1), UF A FEE AT
3 2} 60.5 cm(49.0~77.0 cm), % 32kg(147~5.72kg) ¢} Foj2 L A3 d7

23l & 11,20, 32, 44 2 559 AFH3 AA 5, 10, 15, 20 F 30mme] F3F AXjoIE AgE ST

Table 1. Morphometrical parameters of wild olive flounder
Range(mm)* 1520 2125 26-30 31-35 3640 4145 46-50 5155  56-60

No. of fish 39 69 39 23 17 16 19 6 4
Average
total length(mm) 187 229 273 314 37.5 421 47.0 50.8 57.0
Average
body weight(mg) 50 90 140 220 410 600 850 1100 1700

* Total length.

Table 2. Morphometrical parameters of cultured olive flounder

Sample size(mm) Egg 5 10 15 20 30
No. of fish —*2 — — — 136 59
Total length*'(mm) 0.9 62+04  106+07 145+05 193+ 19 302+20
Body weight*'(mg) 31 2 12 29 67.0+ 195 253+ 44.7

*1 Average or mean+ S.D. (n=10). *ZNot counted.

Ao Beee BE F 14U7HA] 1Y 10~76% 2 F T AR @Al we A3 F5EE
=3 Ugton Alggds B3l 2ol 58 F rotifer FF 717t F NanochloropsisE 50%F~200%+
cel/ml 352 H7lsgon E3] AHS 159 A7AE 150%~200%kcell/mlE &8t At
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AMS & F3 zfo] 8 F 165CoA 18C7A] AMAE stesigon ALS 7|7 Fo HF
FL0 177C(16.5~18.0T) o] At}
2) =7| Yo MZ2

Z7] Hol HEY FFL 7HFEH FH AL A AAST e YukEgl Hol AE A
A A Zste] HAISAT & 23 F 2~30U A= rotifer (Brachionus plicatilis) S 4~87) A /ml,
139 (A% 5mmAF) ¥ 4547 A = Artemia -8 (Artemia naupli) & 8~12703/ml HLHA 2
3o

e Atse 73 3 179(AF 8mm AF)FE FFE) ARete] FAe wak Alge) dxt
Table 3. Fatty acid composition of live food for cultured olive flounder _(_area?%r)

Fatty Rotifer Artemia
acid
140 40 11+ 04"
15:0 0.1 04+ 0.0
16 .0 19.5 95+ 0.9
16 . 1n-7 19.9 32+ 0.6
17:0 0.2 0.7+ 0.1
16 : 4n-1 0.4 0.6+ 02
18:0 1.2 51+ 0.7
18 : 1n-9 3.0 14.3+ 4.1
18 . 2n-6 3.1 3.8+ 0.6
18 . 3n-6 0.2 0.5+ 0.1
18 ! 3n-3 1.9 249+ 6.9
18 : 4n-3 0.1 5.0+ 0.9
20:0 0.1 04+ 04
20:1 0.2 0.5+ 0.1
20 . 2n-9 0.1 0.1+ 0.0
20 . 2n-6 0.6 03+ 0.1
20 ! 3n-6 0.6 0.1+ 0.1
20 . 4n-6 3.0 05+ 0.1
20 . 3n-3 0.1 15+ 0.3
20 . 4n-3 0.4 1.1+ 0.1
20 © 5n-3 16.5 79+ 3.6
22 : 5n-3 0.8 02+0.1
22603 0.1 12+ 08
> monoene 23.1 180+ 4.3
> nb 75 52406
> n3 19.9 417+ 46
> n-3HUFA o 179 118+ 4.2

* mean+ S.D. (n=4).
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B A-2(400pm), 13mmAFE FEE B-1(400um), 15mm AF ¥EHE B-2(700um)E 44
9o, o]& 30 mm7tAE C-1(700um)# C-2(1700um) & & FF3ATH

Rotifer(S3) = £4 3|4 229 etel B2l Nannochloropsis ocutata(2000Tcell/ml) 2 5~20A| 7t
At RS ALSBIY O, Artemia FA-S WTEE 28T dlgo] B F 4ARE Fo| R
AL FASA FZ59 Phaeodatylum tricornutum 50~100%rcell/ml# Ester-85( H AR{LE) %L
Hydrovit(X€4 v EA : Fujita 548 Z ¥|¥4 129 247 30ml 2 40ml 3718t 6~82]3t
gok 73t AL X239 T) Rotifer R Artemia® A 244 2 48 & Table 3, 49

e Ak

2712 2439tk 2 A% 8mm FEHE Algel HREET AF 9 A-1(250 pm), 10 mm HF 5
Sl L
o

Table 4. Contents of major fatty acids in live food for cultured olive flounder*!'(dry basis)

Fatty Rotifer Artemia

acid
16:0 3.8 25+ 02*
16 : 1n-7 39 095+ 0.2
18:0 0.2 14+ 0.2
18 1 1n-9 0.6 3.8+ 1.2
18 : 2n-6 0.6 1.0+ 0.2
18 : 3n-3 04 6.7+ 2.2
20 . 4n-6 0.6 0.1£ 0.0
20 : 5n-3 3.2 21+ 10
22 : 5n-3 0.2 0.0+ 0.0
22 . 6n-3 tr 0.3£0.2
> n-3HUFA 35 32+£12 ]

*1'g/100g. **See the footnote of Table 3.

248 A9 R 9F FE AEE 4% DA AP F G5 ARl ARE F FES 3
23 AAsd —a5ColN FE WEAN F RHAAA —20CAN HIFL B £

o

homogenizer 2, 1A multi-blender mixer2 ztz} @ U3HA vk F B4 8 A2 skith

2R 2o AotdAzHo 3P XA 4L chloroform | methanonl (2:1) &% §7&
A}23 Folch £(1957)9) #WhHoz AAstdth 23 FX AL silica cartridge (Waters sep-pak
Cartridge, Millipore Corp.)& AH23}d chloroform 20ml$} chloroform : methanol (49 : 1) 20ml &%
galoz 24 AL methanol 30mlE A A& 247t B stk At 242 50% KOH=
A8 & BA3E S 2% A A3l BF;-methanol® methylation A1zl 3 £48 A 22 3l gas
chromatography(GLC) 2 #4stgien] 4 27g Table 59 YAt

vElY E: X3S %% % nhexaned] £3 A7 F nHdxazeedds] (HPLC:
Shimadzu LC-3A) 2 A #3929 Columne DuPont Zorbax SIL(4.6mmX250mm)& AH&-38tth
HAE7E 97133 (Ex) 298nm, &2 (Em) 325nm=z A4 3 & 3F= A (Shimadzu RF-500)&
A&-at ot
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Table 5. GLC operating conditions for the determination of fatty acid composition

Apparatus Gas chromatography GC-15A (Shimadzu Corp.)
Integrator Chromatopac C-R3A (Shimadzu Corp.)
Detector Hydrogen flame inoization detector
Column Supercowax-10™ fused silica capillary column
(30mX0.32mm ID.0.25um df)
Carrier gas Helium
Gas pressure He 0.8kg/cm?
H, 0.5kg/cm?
Air 0.5kg/cm?
Temperature Detector 240C
Injection 240C
Column 205C

2 3

® F ot U HAlglo] XA A8l el B 30 mmAHA Y
887% 2 BT oF7bel AN o4y W A7 BRFEACH FR 4] g6 A
£ B3 RS 452 o4 2HUEE Yol AAHOE FEF AHS

k)

A R dF TR 4% 9AE 58, Ad 2 ek E $3%2 27 Table 6, 79 YERIQITL
HA R ¥ 9 XA Fake 247} 78~81%, 86~133% WANE AR @E £2 o=
Z HES ey 1% 50mm ol FH-E AW Fo] gt FlslE AT S HYh AF Fu 9
T3 Tk 82, 4~895%E H3F £ 30 mm7bR] AR o] #Astg ot ;qé] ke 157~29.1
%9 MR P35t % 20mm AFAA h F FoMete AFS Bgon e 4% dA(15~30
mm) e AaA ZJLA A A g (102~115%) Boh 28 A4 e (15.7~233 o)I—é— et (Fig.
1).

Table 6. Variation with growth in crude lipid(CL) and vitamin E(VE) contents of wild olive
_ flounder (%)

Total length (mm)

Range
1520 2125 2630 3135 3640 4145 4650 5155 5660
Moisture 803 813 791 776 787 796 795 802 795
CL (wet) 2.2 2.2 21 2.0 18 2.0 18 26 2.6
o Wdry) 112 115 102 8.8 8.7 96 86 133 129
VE* (wet) 55  ND tr 2.7 16 0.2 0.2 0.2 0.3
(dry) 279  ND tr 120 7.3 1.0 0.9 11 15
* ug/g fish. ' o -
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Table 7. Variation with growth in crude lipid(CL) and vitamin E(VE) contents of cultured olive
flounder (%)

Egg Hatched Total length (mm)
larvae 5 10 15 20 30
Moisure 93.5 91.3 89.5 88.7 84.9 83.7 824
CL (wet) 15 23 3.0 29 35 2.6 3.1
(dry) 236 259 29.1 25.8 233 15.7 17.6
VE* (wet) 78 10.1 ND 0.1 17.2 11.1 238
(dry) 119.6 115.3 ND 1.1 114.2 68.1 135.5
* ug/g fish.
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Fig. 1. Variation in crude lipid contents with growth of wild and cultured olive flounder (dry

basis).

A HAE FEY A oA vEtW E FF (Tabe 6, 7)2 Hd FHA AAHoz e gt
Hehiglon] 8 HESA de ARE o] 4% dAlel wet thh Aol B a2l
FTH Z F3 §F I 243 @A dA3) Baste A 5mm Z7ME A L4

2 F A% 10mm AF FH Az HE2H7) st A F7F @S
e Hd FR v3 A ¥e g YUY (Fig 2).
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Fig. 2. Variation in vitamin E(VE) contents with growth of wild and cultured olive flounder (dry
basis).

A B AF TH A At 248 Table 8, 990, T F Aite] ol % 100g 3 AE
FF& Table 10, 11°] JeRRAT B2 9F FHo FEHoT 2447 249 AP 1650,
1810, 18 1 1n-9, 20 : 5n-3(EPA) % 22 :6n-3(DHA) ©]%on E3] o]5 F 18 1n9E ¥ &4
o, 1810 R 22 6n-3(DHA) = M £HdA 27 22 2485 e} 181 9% 2T
ol 181 2n-6 E 18 3n-3% ®E ZAHE JERNC

A 4 A O At 24 2 3% 43} (Fig 3, 08 Ad 259 A$ A8z 934
4 15-60mm B el 4ol WE & WES glo] A9 A S VEhhoy, oF
FTHRONAY A5 At AW = wE AE FF AA)Y dgels 25 F A 10mm AE B
FEg %Z} A E%E} 5 181 2n6= AT HE] Al S A4S BHYor} o9 gz
HOoF 92 6n-3& A A EYS B F oY Fotsle AFS BHYoen, 20 5n-

1° -{o@

o
= Y
3= ?J_’\]Zi?l 7t ﬁd*o & B F dadte FEFS 2ok

oAl A B4 Aot FUE 279 A 2 FAY =
9% Aol 7Aske Ao ATk AN AAY A A=

il ol9] Aslz ‘-HJ ‘—H%% ZA}
(Last 1980 ; Ikewaki and Tanaka 1993) 2 A AW 2Ao) B/ AT BRA(ERE S 1986 ; Aoki et
al. 1991 ) <l&td o A AR A9 Hol HdFge 23] Bon XA ako] ko 7
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Table 8. Variation with growth in fatty acid composition of wild olive flounder (area %)

Fatty Total length (mm)
acid 1520 2125 26-30 3135 3640 4145 46-50 5155  56-60
14:90 28 24 2.1 2.3 24 2.8 2.7 3.8 44
15:0 0.5 04 04 0.5 0.6 0.6 0.5 0.7 0.8
16:0 23.1 236 24.9 22.7 23.2 22.6 245 236 225
16 : 1n-7 44 40 4.7 4.0 39 4.1 5.1 48 5.3
17:0 04 04 0.5 0.5 0.5 0.5 0.6 0.6 0.6
16 : 3n-6 0.1 0.3 0.3 0.3 0.3 0.3 04 0.3 0.3
18:0 79 94 8.7 8.0 8.9 84 84 74 6.9
18 : 1n9 104 12.1 12.8 12.1 11.2 10.9 12.6 104 95
18 : 2n-6 1.0 1.0 11 1.2 1.0 11 1.0 1.3 14
18 : 3n-6 0.1 0.1 0.1 0.1 0.1 0.2 tr 0.2 0.3
18 : 3n-3 0.2 0.2 0.2 0.2 0.2 04 0.1 0.5 0.6
18 : 4n-3 0.4 0.2 0.2 0.3 04 05 0.2 0.7 11
20:0 0.2 0.3 04 0.4 0.3 0.3 04 0.3 0.3
201 0.7 0.7 0.8 0.6 0.5 0.5 0.6 0.5 04
20 : 2n-9 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2
20 : 2n-6 04 0.5 0.6 0.5 04 0.4 0.5 04 0.3
20 : 3n-6 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
20 : 4n-6 16 18 19 26 24 2.5 2.3 19 18
20 : 3n-3 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.2
20 : 4n-3 1.2 0.9 0.7 0.8 0.6 0.6 0.5 0.6 0.6
20 : 5n-3 10.5 9.6 9.6 10.6 7.7 7.7 8.7 85 8.1
221 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1
22 4n-6 05 0.5 05 0.6 0.6 0.7 0.5 05 0.5
22 5n-6 0.2 0.2 0.2 04 05 0.6 0.3 04 0.5
22 5n-3 15 19 1.6 1.6 15 16 19 17 15
22 6n-3 18.6 184 15.1 216 22.3 233 16.7 20.1 225
S Monoene 156 16.9 184 168 15.8 155 184 159 15.3
> nb 4.0 44 4.7 5.8 5.6 5.8 5.2 5.0 5.0
> n3 327 314 27.7 35.2 33.0 343 283 321 345
> n-3HUFA 320 31.0 27.2 347 324 334 280 310 328
oz WA QF THY T AA FHFL HAol vl Ao o] dHZH SFF FFol
71918te Ao 2 AztE) Balany (1967)9F % (1993)= dAolet FHoje] P2 diAtel
Bste ELE BAHso FgFor ALgEHE FHole A zwHoz zgte Adod Wl
AL BMgo] waty Busta glo], AdF FR FHodt Yol YA AT HY Ea AN
HAE iR} &5 BFo g A3 B9 ouA st Yoz FHE Aoz FPHT) oshE
o A BEALS A 9T 2R 4F F 2 Aule] 3P E HolME 3 st FgE+E
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Table 9. Variation with growth in fatty acid composition of cultured olive flounder (area %)

Fatty Egg Hatched Total length (mm)
acid _ larvae 5 10 15 20 30
14:0 27 24 31 2.7 2.0 23 15
15:0 0.4 04 05 04 03 0.2 03
16:0 24.0 22.4 25.7 16.7 17.0 185 20.1
16 : 1n-7 8.0 8.1 9.6 116 7.9 48 46
17:0 05 0.6 0.7 0.7 0.7 06 04
16 - 3n-6 0.1 0.1 0.1 tr 0.1 0.1 0.1
18:0 5.3 58 5.0 57 6.7 71 5.8
18 1n-9 14.0 15.3 16.0 164 194 174 20.8
18 : 2n-6 0.7 0.7 0.8 42 5.7 6.9 102
18 : 3n-6 0.2 0.1 0.1 tr tr 0.1 0.1
18 % 3n-3 0.3 03 0.3 44 7.0 5.2 19
18 : 4n-3 03 0.3 04 1.0 14 1.2 0.9
20:0 0.1 0.2 0.1 0.1 0.1 0.1 0.1
2:1 12 1.2 12 13 14 10 15
20 : 2n-9 tr 0.1 0.1 0.2 0.1 0.1 0.1
20 : 2n-6 0.1 02 02 0.3 04 03 0.4
20 : 3n-6 0.1 0.1 0.1 0.1 0.1 0.1 tr
20 : 4n-6 34 35 2.8 32 23 23 1.9
20 : 3n-3 0.1 0.1 0.1 0.7 13 0.8 03
20 : 4n-3 03 04 04 0.6 0.7 0.7 04
20 : 5n-3 7.9 74 65 122 9.4 100 8.7
22:1 03 03 0.3 04 04 03 0.5
22 4n-6 03 05 04 02 02 04 03
22 : 5n-6 04 04 03 02 0.2 0.3 03
22 : 5n-3 3.1 3.1 2.7 32 2.4 17 13
220603 19.9 20.0 129 59 6.0 104 114
> Monoene 235 24.9 27.2 206 29.0 236 274
> né 5.3 55 47 8.1 89 104 132
S n-3 319 314 23.2 28.1 28.2 29.9 24.9
X n3HUFA 313 309 22.5 22.6 19.8 236 22.1
W TbsAol 20U R R Fol 4282 Fol7] AR FE AL BAdAe 2H Mol
sofol & oz

o

of

FRAME 308 AY YPAS U B Q1F ERe A R
At Be FFANE deiRoy F8 F A% 5mmAFAA A9 A4 3 F 10mm AEEH
¥ =

ok
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Fig. 3. Variation in linoleic acid (LA) contents with growth of wild and cultured olive flounder (dry

basis).
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Fig. 4. Variation in docosahexaenoic acid (DHA) contents with growth of wild and cultured olive

flounder (dry basis).
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Table 10. Variation with growth in major fatty acids of wild olive flounder* (dry basis)

Fatty Total length (mm)

o acid 15-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60
16 .0 2.6 2.7 2.5 2.0 2.0 22 2.1 31 29
16 © 1In-7 0.5 0.5 0.5 0.3 0.3 04 04 0.6 0.7
18:0 09 11 09 0.7 0.8 0.8 0.7 1.0 0.9
18 . 1n-9 1.2 14 1.3 1.1 1.0 1.0 1.1 14 1.2
18 : 2n-6 0.1 0.1 0.1 0.1 0.1 0. 0.1 0.2 0.2
20 © 4n-6 0.2 0.2 0.2 02 0.2 02 0.2 0.3 0.2
20 : 5n-3 1.2 1.1 1.0 0.9 0.7 0.7 0.8 11 1.0
22 . 5n-3 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.2 0.2

22 .6n-3 2.1 2.1 15 19 19 22 14 2.7 29

Z n-3HUFA 36 36 2.8 3.1 2.8 3.2 24 4.1 4.2

* g/100g fish.

Table 11. Variation with growth in major fatty acids of cultured olive flounder* (dry basis)

Fatty Egg Hatched Total length (mm)

) gc_i_d o 41arvae 5 10 15 20 30
16:0 57 58 75 43 39 2.9 36
16 : 1n-7 19 2.1 2.8 3.0 18 038 0.8
18:0 13 15 15 15 16 11 10
18 1n9 33 40 47 42 45 2.7 37
18 : 2n-6 02 0.2 02 11 13 11 18
20 : 4n-6 0.8 0.9 0.8 0.8 05 04 03
20 : 5n-3 19 19 19 3.1 2.2 16 15
22 © 5n-3 0.7 0.8 0.8 08 0.6 03 0.2
22 : 6n-3 47 52 37 15 14 16 20
2. n-3HUFA 74 8.0 6.6 58 46 3.7 39

* g/100g fish.

2282 23 rotifer= HIEFY EE A9 F§H3L YA 2L Hustn glon B A B4 A
FAME Ao HEE R o} oo 22 H vlelql Ex Trx]g} 284 HEtsl EZ 28l Artemia
FAol o8 Aoz AZHc)

8 AR x47 vgvl E T3y #Aste vEYl E FA%S IS EA $0F
(Poston and Livingston 1971 5 Woodaii et al. 1964) ¢ ) ©}](Watanabe et al. 1970) 2| 7”’*4 EfZ
oA AA FAo] ZAEGL HuEi glo], & Ao glojM] AF FH AAE F7} e
AE FRO THT AE o] Fol dhF FR/E HE E7F AxE 220 Bodsty QS 7?‘“
AAbe 3 glick ZEla oA Wk E FEe) 4k Al7le] o] 2FoM FAI i
ol 53t A Aol F2% A e ElojFolM ojn] ¢H A lth(Watanabe et al. 19
775 M T 1981). ¥ A3 Aol Mz 3} F 33 24n 8 F4% g4 A4S JeERd
A AA U 3"‘@}313“1 71%5< 71X HEHE EZE AL 3 ol AAEE BEE A A

k

rPL o
ox 033
X o 1l
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Mol A& WP FA Hrlel 9 FF ke 73
e Z7P7} ddEez vel E9 3H7b)
77} Hw}a}ok g Hojrh,
Aol wg At "t glojAe Fd Wale 18! 2n-69 F7F 2 DHAY
8:9n-6 A HE ol ZF 717 Fo L rotifer Artemia®] W2 181 2n-
3 vre zhe JeERIR oY A 10mm Ao vl ALE S 35 Al7] F-E dA3
1 9\101 HH%I /\}E_«] ]tn-/\]- ZMO] 0174] ;qtg-zd- g-_xg ta;z;}oﬂ z]zizqoi o:lrsko u]x] 9“
ot 471 Qlth ol U E v EF it ol Fo| AW AL AR EOWOH o Ao F
t}. o]u] Owen = (1975)°]) HHAF YA (turbot) S thF L2 3 AFelr] 93l npeh o] v
2)erakel 18 ! 2n6 20 4n-6 S 2 BlApato 2 A3E Y] ofg7) wﬂfoﬂ Hi g Abg o)
o] 9l 18: 2n-67} ol iz FAE AAE AZEo
s 4ko} o] EFAQ! EPAE 91 259 AR 10mm AFo)A LAIF F71E Bl ¢fol& d4,
Qo) glolMe 4% wAle] WE FHd g Rojx 1 A FES vus) dE F
Bold MAHez <7t o e Jehfo] Hol AEZ FFET F2H e X3 rotiferd EPA7}
gEez Ffsta ALY 23 (Table 3, )2 B7HE0h
T2y 23l 2A%e) DHAY FAF 74 48 ddgd g giEol ld DHAYE #3F &
7] A% Aol F dquyxlgoes 014154047%4 To o e 84 BR 5o A o3 i
oz AzE Ad FEE 23 AF AF £HY 2L DHA W3 848 Jehd AA7} sh=
ABE Hd 8o 235 AF ol Mg z}M THoz BT FE gdoy IF TR F¥
3 AL By Aoz FHEG
2 2 A 346 glolA] 23} & DHAZE 343 gadhe o] A7l ¥-35 2o 141
Z7lsle Ao Hol 23} %o DHAY F7 dAfo] Atojo] AE&FHS 22
27 st} E3] §4F o] Fol] glojx el EFAZA EPAS DHAVE $84) 51
= zjolo] & Ad AN Artemia FF719) 10mm =] ojAle] A H &L
EPATSH DHATl glolMel ol gigey &8 Alg ZAdeMe DHATAA Hold 4=
Hol AE9] Ao B 3o ojrld o} EPA BELEE o= HE Algo] 7HEéht DHAZ
Axlo}r)e] o] 2 FFL vx; g0 Bis o] Uth(Watanabe et al. 1989 : Takeuchi et al.
1990, 19922). £ S(1989)% dX 5mm 27]9] zolo] 3lojA EPA¥.TH= DHAZF EFAZXA 7
A a7E T vy Bustn ok O o= 3E %78 o] (Watanabe et al. 1989 ; Takeuchi et al.
1992b) 9| A& EPAR.TH= DHAZF 83 a4e Bt & aav) Jgo] %A, Axe7]e] DHAS
&7} ZA FEEHT Qo] AR A Ax4E §As7] siAE DHAYE B ¥ 2492
& 7 Ak
a8 QF 25 A #AAFNA FRAE o83 DHAE HIE
Artemia’= A Uo)A DHAE DPA(22:5n-3)u} EPAZ 9% ==
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1991 ; Takeuchi et al. 1992b) Artemia S &
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#3 DHA9 FFo°] 7 &1 ). o
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