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Effect of Conjugated Linoleic Acid (CLA) in Growth of
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The multifunctional compound such as conjugated linoleic acid (CLA) was used to producing of functional larval rockfish. Artemia,
livefoods for larval fish, enriched with highly unsaturated fatty acids (HUFA) and CLA (0.5%, 1.0%, 2.5% and 5.0% group) was
fed to larval rockfish. Arfemia, enriched with 2.5~5.0% of CLA, negatively affects the quality of larval rockfish. But 1.0% CLA
fed group shown to good specific growth rate, feed efficiency, n-3/n-6 PUFA ratio, DHA/EPA ratio and hematology results. The
CLA deposited in muscle lipids of larval rockfish was reached 6.57 to 19.69%.

Key words: Rockfish, Multifunctional compounds, Conjugated linoleic acid (CLA), Hematology

M 2

e A4S A Ao diA A4 2 @53EH Jud
Aol o B A77t ol FolR ko, Aole) AELFH Jx
Al A w148 #AE 23 gle Ao wEAn (Lo-
vell, 1989), A1A7} S48 AGEE §43 #Aide JA2E £
AE Tk (Peterson and Wroblewski, 1984).

Lee et al. (2002)¢] &=t 39 dild 9 4 Q7%
A7) ot DA FFEL 3%, 2%, 47%, A FEFFL
1%, 14% 2 3o zole] AaFE &L ZA8 Az gl gt
S4E ABESS 4oy, 2o 3o GuiAs FHE
Ao ¥FE ELF4F A8EEL FUMEgT g o
FHE T B39 (HUFA) Y £579 33 zlof
AEd BF3A FF27t 80 At (Lee et al, 1994).
3, R=Y$ A4 eicosapentaenoic acid (EPA, C20:5n-3),
docosapentaenoic acid (DPA, C22:5n-6), docosahexaenoic acid
(DHA, C22:6n-3) 59 38L& $8& ¥ET gL 4 2o
9] AEo] A9 dYArt o (Rainuzzo et al, 1989; Rainu-
zzo et al., 1997; BRI - £, 1998).
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B 29} 71 E $FA)7)7) A5k $EH (Ha et al, 1990),
HYE3 57 (Cook et al, 1993; Miller et al, 1994), €% LDL
% A EH (Lee et al, 1994), 43 E (Chin et al,, 1994) 5
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CLAE TE¥E I7Me ANEE TE89 A&stgd. 4 20
th 3000tE)9) Ko (HEAF 106g)E T831 w52 AA 15
A dP52E ANt dd5zE 99 FRP 2 (37
16m, #4 09m, % 28)& AH$3t4th

ol

CLA &4

CLAY I ES25H alkaline isomerization H L2 T3
ot (Kim et al, 2000). Round flask (3 L)l ethylene glycol 1 LS
¥ ¥ A4 FAsd 190C7A 7tEd F 1082 By 7}
go] ¢ ¥ 165C7HA 413 g KOH 250 & AH3 Avlstn
Aa F3A 180C7HA A 7hEste 1083 fA3S T CLA
49 FI8Ad AEHF 500mLE WL o 308wttt REEA
6717t T o] 43 #9E AAF F methanol 1LE H713EA
32 & o] £ 500mL, 6 N HCl 250 mL, hexane 500 mLE &
et wsAF T AAFRYE 755 250mLE AHEEY 53
AAIBR, sodium sulfate anhydrous A ZFE A7l B ¢
A3 AAS ¥ £ 343t CLAE ¥35391, o] ¥ CLA
o & 2%t

I

AlZH=

ANg 2L zJHold CLAE TEHEE A7Ee wie Al
4359 (Table 1), AAZE APAEE 2F S92 ¥ 9XA
I Ak R34 -6 YEne HFANAAM 4Ho AL
At :

Opt
o

XEHe £& ¢ x| TH9 24

dgojz2E A2 %2 Bligh and Dyer (1959) e &
3Tt CLAY A3t F=A8E Kim et al. (200009 £3Ach
% A8 dAFH YEEFEE (Cyuo methyl ester) 1 mL (100 mg
C2:0/100 mL chloroform) & cap tubes! 3313, 0.5N NaOH £
1L5mLE 7t A& FAE oh& 100ColA 383 71gsto A
g3 MY F 10N HSOsmethanol 94 30mLE 718 ¥
AL 3 T OE wbed] FAE 22 55CN 58T 7o
methyl ester3} 3%ch 4202 ¥4 F hexane 10mLE #
7h& Aa FA 3 G- 3023 vortex mixerZ ¥ He-
xane & AE¥9 &7 ¥ A hexane 10 mLE /MG tF

Al
—

>

Table 1. Levels of each CLA in the experimental diets” for
larval rockfish

CLA levels

Diet groups

Control CD?+50% safflower oil

05% CLA CD+05% CLA+45% safflower oil
10% CLA CD+1.0% CLA+40% safflower oil
25% CLA CD+25% CLA+25% safflower oil
50% CLA CD+50% CLA

P Crude proteins 53.0%, lipids 12.0%, ash 17.0%, carbohydrates
35%, Ca 12%, P 27%. Mineral and vitamin mixture added
10% in CD.

2 CD; commercial diet for rockfish.

E59 Al #3% I& NaSO.E2 FEE AAs S 2t methyl
esters A/ RE 3ttt

Gas liquid chromatograpy (GC)

At Ao AMS-E GCE Omegawax-320 (bonded polyglycol
phase) open-tubular column (30 mX0.32 mm, id., Supelco Co.,
PA, USA)& #¢<) Shimadzu GC 14AE ©] &3t} EXzAL
HAYLx 185C~230C (3T/min), injector 250C, detector 260T
223 carrier gas® He (1.0kg/cm?) & AHS3FA T Arate] &
AE FYZAAA FAT BEFY ECLF vlmdto A8,
A BEES 1410, 1610, 18:1n-9, 18:2n-6, 18:3n-3, 200,
22:1n9, 24:0 (Simga Chemical Co., St. Louis, MO, USA) $3
GC-MSZ %74 ¥ menhaden oil& AHE3AT. 2l CLAY
542 Choi et al. (1999)¢] W¥le] uig}l vjz3 AT},

HUMMRTEN

Ade Adste 134 FAE 2y $95E 48 ¥ 3mLe
AEgsgem, 483 d9e &304 heparing ¥ CBC
Holl Yol ARG xAb] g8 8T (RBC) #€ Da-
cies¥) 402 FH4A|7] AL WFEH A Thoma F7AIW
& AHg-3te] 233142, hemoglobin (Hb)& cyanmethhemoglo-
bin'8 £ &, hematocrit (HY) A= 2 A @8 o) 9% microhematocrit
Heg o]g3td ZA3Yon, MCHC (H7F HETF d=a=w
FT), MCV (B3 H87 %) € MCH (T HET 32d
2ulghH e dubR o g AAHE WhHd 93Tt (Blaxhall and
Daisley, 1973).

SH Az

AMSAE 2%e 43T 2 BT EEUAZ Ao,
2 AEFe] Yat 948 B4 package SAS programe ©]
$-34, Ducan’s Multiple Range TestZ A& 34 P value?} 0.05
olgtel A8 EAFLE 498 Aoz BANY

23 g nF
2ie[ojote XM =4
gxole 7|9 Hol2 AH4-H Artemia®l F+¥€ CLA ¥
A Z24& Table 201 YERRT o] & A3t F 71 #3ol
F2 AL 18:3n322 10% CLA Bol77F 25712% 2 71 &%
3, 25% FOlTE BU1%E 7FF wgtoy, A7t E Aol 2
A GRTh ok #o] 18:3n-39] o] ¥ R H3 F Arte
mia®] "5 AWAO R clongatation ¥ desaturase Ao o3
& Azl A2 F 84 ¥ EPA, DHAR A% e 7] g #ojt}
(Navarro et al, 1999). 2 ] gko] & AW4ihe 181099} 1610
2 7 497 whel 19.06~21.01% 2 10.84~1227% 5 UYeRI
t}. 28U EPAE 342~383%, DHAE 147~174% £ Artemia®
AYHQY AP 24& Jepdigieh
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Table 2. Major fatty acids composition (%) in enriched Arfe-

mia fed CLA
Diets

Fatty acids 05% 10% 25%  50%

Control 1A (LA CLA CLA
14:0 095” 112 091 0.73 111
15:0 iso 1.08 129 131 097 095
15:0 ant 058 069 053 039 050
15:0 025 029 017 015 034
16:0 iso 017 017 025 020 012
1610 ant 073 077 062 053 074
16:0 1227 1128 1191 1136 1084
16:1n-9 086 092 053 048 092
16:1n-7 447 467 428 456 405
16 1n-5 0.63 0.61 069 063 069
16:2n9 137 139 123 111 142
17:0 0.83 078 057 065 097
16:3n-4 0.08 1.09 1.14 1.88 1.17
16:4n-3 033 053 039 016 016
18:0 4.15 3.61 276 127 1.03
18:1n-9 2101 2101 1975 1967  19.06
18 1n-7 775 739 589 592 612
18:2n-6 547 609 562 464 3
18:3n-3 2500 2450 2572 2311 2372
CLA 1? 0.00 tr 148 376 501
18:4n-3 239 288 310 209 205
CLA 2 0.00 ir 158 389 456
CLA 3 0.00 tr 010 013 031
CLA 4 0.00 tr tr 0.87 1.81
20: 1n-9 050 035 039 052 053
20:3n-9 016 010 0.1l 019 019
20:4n-6 098 077 095 121 0.89

20:5n-3 (EPA) 365 3.42 3.80 383 3.59
2:6n-3 (DHA) 174 1.47 1.68 1.54 1.50

Zn-9 2397 2367 2190 2256  21.03
Zn-6 6.80 726 7.50 7.02 5.51
Zn-3 3401 3193 3069 3155 3150
Zn-3 HUFA® 6.29 5.49 6.24 6.33 5.48
ZCLA 0.00 tr 3.16 865  11.69
DHA/EPA 048 043 0.44 0.40 0.48

UStandard deviation for these analysis was less than 09%.
PCLA 1: ¢9,t1t-; CLA 2: t10c12-; CLA 3: c9cll;
CLA 4: c10,c12-CLA.
Dtr: trace.
2 HUFA: highly unsaturated fatty acids (above 20 carbon fatty
acids).

Artemia®l DHA ##o] W& A& Artemia®le DHAE 3
A7l 227t 7] qEolgt Bus At (McEvoy and Sargent,
1998). WetA Artemiag F2 ATt JFAEAA Ak e ol
Z e ol 2 94 ZA3E 9t} Omega-3 HUFA &
2o Hoje) A% 2 A& A 9FL A (Takeuchi et
al, 1990), DHA/EPA HI7} o £83lde Bix o} (Wata-
nabe, 1993). Bell et al. (1995)& DHAd 2j&3 JE72 g7} o
2] Artemia 0| TETHE DHA/EPA 7} 32% (06~18)
gol7olA 2 A% 2 AELS Yehde BIE njFo

B oo 2384 A3 99723 @ Artemiad AE o] H7t AA
Z 06~185TE R 040~048S FAZT ol FHAY
Holz gFe7t £u " E Aoz AAY I 05%
CLA #7VFANE CLAZF E3%F B4HUY, A7tgo] &
TUFE CLA §FE 271819 50% CLA A7V AAE 11.69%
9 CLAZF BAHAUT. o & #9424 5 484 s Yehie
o] Al CLA 1 (c9t11-CLA) ¥ CLA 2 (t10,c12-CLA)7} 85%
o] & A%t

2o d3¥T

CLAY H71%E 933 ARE Foldtg g Wy 389 4%
EE Table 39] Yehidch 27 05% 2 10% CLA F°l7l
e 257g0 8F FllE 106322 WE HFE B W, 50%
CLA #7ATAAME 264g0 801ge 8 & A%E veplglc
ARES JoIAE QZTFAME 109, 05% B 1.0% CLA &
ol P ME LI0LE ofF Y3 ARAELS YEHULY, 25%
CLA FolF& 1298 Jehjo 71 Az A8E&E o F
Aok, 4L FEE ET, 05% 2 10% CLA w77} Hl&@
AgE vepdsley, 25% 2 50% CLA wolToA e 232 %
1982 #FY CLA A7te $83R0o 44E& Aste Aoz vt
B} Takeuchi et al. (1990)8) F3< R @dde ALE A
2t 989 43, A5ES € 494 EE 198 9 CLAY
AAHANFE 05~10%S Ao AN

Table 3. Weight gain and specific growth rate of rockfish fed
CLA for 8 weeks

Control  05% 10%  25%  50%

CLA CLA CLA (LA

Mean initial weight (g} 257 257 257 264 264
Mean final weight (g) 1063 1062 1064 923 801
Feed/gain ratio 1.09 Lo ue 129 125
Specific growth rate”  258* 258  257*  232° 198

®Values in the same column not sharing a common supersc-
ript letter are significantly different at P<0.05.

fEx|0] £ CLA =X :

Artemia Fo17} B ¥ 8537 AHSE 8o ¥ CLA ¥
A it 24 Table 49 Jepf AT At 24 5 7P &l
B AEL 18:2n62 FolTo mE 2 AolE vehlo] gz
TE 3688% 0103, 0.5% CLA FolToAE 3200% 2 2T
vate] 7 72 Ao 1.0%, 25% L 50% CLA
FolTAAME 2050%, 1044% 2 618% 2 A Z43AT

18:20-67F Zn-6 FHFAA A ¥} vl &L 90~N%RL, o5
o o] XY CLA $3& CLA A7l wel 13.57~19.69% 2 F7F
39, ARl FE 18:2n6 BF & AE vy E o $9
2% Zd) 18:2n-69 CLAY} O 35 e o2 Ugkith &,
DHA ¥%9 ¥ o&de w2 d&x7e SN%E 05% %
1.0% CLA #eol79 v&dgoy 50% CLA gol7e 1LIS% 2
28] o]4ke] #ekg veho] CLA 34 vldl wel g AWty
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Table 4. Major fatty acids composition (%) of muscle lipid
in larval rockfish fed CLA for 8 weeks

Diets

Fatty acids 05% 1.0% 5% 0%

Contol (34 (LA €A CIA
14:0 3330 347 375 334 292
15:0 0.19 0.21 021 022 021
16:0 1465 1518 1660 1565  16.63
16: 1n-7 466 3.85 404 428 458
16: 1n-5 0.14 0.13 0.13 0.14 tr
16:2n-9 0.14 0.13 0.10 t? tr
17:0 0.19 022 024 025 0.58
16:3n-4 027 028 025 022 0.20
16:4n-1 025 031 025 023 0.42
18:0 3.11 5.03 6.06 548 468
18:1n-9 1520 1329 1339 1470 1774
18:1n-7 3.01 264 296 359 463
18:2n-6 3688 3200 2050 1044 6.18
18:3n-3 071 0.67 0.61 0.66 0.55
CLA 1P 0.00 3.07 6.18 8.94 703
18:4n-3 0.62 tr tr tr tr
CLA 2 0.00 244 563 837 6.67
CLA 3 0.00 0.18 0.46 0.59 030
CLA 4 0.00 0.88 1.30 179 207
20:1n-9 097 091 1.20 1.52 1.94
20:3n9 029 0.26 0.19 0.14 tr
20406 0.58 0.60 0.59 0.79 0.51
20:5n-3 (EPA) 510 5.08 509 557 5.69
22:50-3 0.88 0.85 0.80 092 1.09
22:6n-3 (DHA)  5.02 4.80 4.86 645 1115
Zn9 1648 1453 1490 1650 2022
n-6 3810 3312 2147 1152 691
Zn-3 1274 1227 1328 1448 1879
ZCLA 0.00 657 1357 1969 1607
DHA/EPA 098 0.94 095 1.16 1.96
n-3/n-6 PUFA®Y 033 0.31 0.38 046 0.82

D Standard deviation for these analysis was less than 0.90%.
Dir: trace.
YCLA 1: ¢9tl1-; CLA 2: t10c12-; CLA 3: c9cll-;
CLA 4: c10c12-CLA.
9PUFA: polyunsaturated fatty acids (above 18 carbon fatty
acids).

Zo dFE nRE AR ey ofd tid A7t o glojek
& oz Aztgt,

o] %o whg} oFzhe] Aol AN triglyceride (TG AAA
A9 712 A AEolH, FAld A4 gl phospholipid (PL)
of ¢A tiat HolAe Rl AETe FAEL PLo] R
5 oo} e FAY £ Q7] i AZAE F TG7 &%
¥ % pLY iA}r} o] FoR| 7] W&ot} (Sargent et al, 1989).
A2 F 2RHAE AWt FRE LolE7] Y3ld AEH
(Sparus aurata) A1E FAAFEA At 249 WHsE x
A& A3} 3 44 5 DHAZF EPART RAEH7E Eoken,
n-6>n-9>n-3¢ £22 ZAavt dojue Aoz Budd (Ko-
ven et al, 1989). =3, Park et al. (1997) 93} CLAE AMX

ot ot

o
=]

27 - 399

gto] AxAY FHXNE PR AFPn, F9 CLAE p-4
32 AR duxdez o359 CLAY AL YEE 4
Aoz FAE QAFEE ARG YT Choi et al. (199 %

F Al29 CLAE #7iste go & 4% 4 37 (2%, 7,
Ah B AAF ¢ FAAAY T E] "Hrla do 2
ARARQET &4 oA o dARFE AXe Aoz veyt

DHA/EPA Y& 3J4to]l {7 QEE 59 stresso] Ate AH
2 23 9lo ™ Watanabe et al. (1989)9) ¢33 DHA/EPA H]7}
113 A= AM H&Fo] glithxn 328, Brinkmeyer and Holt
(1998) red drum® 7Z$ DHA/EPA Y7} 0.66~2429 @7}
37842 WHT} stress AFH T2 AEFo YT FJch ¢
2 9] DHA/EPA HIE 05% 2 1.0% CLA Fol77F 279 1)
53 094~095012, 25% 2 50%TE 1.16~19622 e}
CLA FHFFolol W stress AFHE Yehll= Aoz oAAG
a3U05% 2 1.0% A7HFe 2% £ DHA &3] ¥ Aoz
o 2o fal At Fefe CLAZE 05% 2 1.0% 7N e $-¢
AR 4%E AR g Ao 449,

dutd oz sato] D dojF 9 n-3/n-6 PUFAHIE 3:1 A7}
HAe Aoz 48 A o Table 49 o] DHA T3o] o}
2019 n-3/n-6 PUFAZF 27, 05% 2 10% CLA Fo|79lA
033~03822 Yel Adit $-39) 3950 Hlste @A o}
FEAFolY HEA FFAE 9 J¥7E PHEYE n3
HUFA I3 PIHZR/E ol 83 Antemiad] 94733 2 A oA}
§o] o]Folxo} & Aoz eyt ¥4 DHA, DPA 59 &
Fo] 2 UAEFY dFFAL T A7 FUYFez &

o
w3 AYHR Uk (Hur et al., 2002; Sakata et al., 2000).

=2

X

g $89 AAGE ZAEA olFY A% 2 A4S H
7bete ARZ o] &3t kAt 22y 4 o9 #E HE
A% 2YE JFo] vt YA fon ofF 44, 73, 572,
Ty 2o wet 4252 £ Yok

2 AgdAN 34F EYAFe FRoZE HYFF (red
blood cell, RBC), 812224 % (hemoglobin, Hb), S| ntE A8 X)
(hematocrit, HY), B¢ A+ A2 2249 F% (mean corpuscu-
lar hemoglobin concentration, MCHC), H# A 8T 43 (mean
corpuscular volume, MCV), 3% AH¥Y{ &H2Z2ZYWY (mean
corpuscular hemoglobin, MCH)S ZA3l9on, oj&9 Z3e
Table 59 #tt.

Y19 FFAE dz2TFAM e 41X10Ymm*PJ 2, 1.0% 2
25% CLA #°)7A 598X10%mm’ 2 575X10Ymm’2A 7}
E2 #E Jedigied, F A4¥709 fYAE A% CLA
FFS uS S/ 50% FolTAME 408X10Ymm*Z2A 2
3y v g Jepldith 2 9 g2 AT o9
28 A%e JeA 89X 34 29 98 {2 &
HA ggtovt, 4% o 2# 4 ud & o 10% CLA
Fol77t 4T Aoz JEIRtth Klinger et al. (1996)2 chan-
nel catfishell 48 FF9 ANAE Fol & F YA Was
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Table 5. Hematological parameters of larval rockfish fed CLA
for 8 weeks

Treatment RBCY Ho®  HY MCHCY® MCV® MCH®

(X10mn®)  (gdL) (%) (%) (D (p
Control 412537 13l 29+4  42+3 118 U+3
05% CLA 512448 1544 346 42+3 T3+l 2912
10% CLA 598463  18+1 3243 4342 7547  30+3
25% CLA  575+40 1742 3145 42+2 76+12 2843
50% CLA  408+49  12£1 30+4 404 74£13  28%2

YRBC: red blood cell.

2 Hb: hemoglobin,

Y Ht: hematocrit.

YMCHC: mean corpuscularhemoglobin concentration,
Y MCV: mean corpuscular volume.

9 MCH: meancorpuscular hemoglobin.

” Mean + SD.

ZAE A3 HolfE Fold T/ M FE3 e IALE v
o] Felste Ao FFo| wel channel catfish BHA 5o
FFS nAcka stgoy, B g Ax CLA Fol#9 Afold
0E Hile A9 e Rez JEy

A3 1,813M/r°11 olz1 gl
olg} #& $HE
TE FEAA7
, %%‘ LDL ?é}% A3 adE 7}
ol 43 7154 $-HA4td shEA

N = 3L
o) ok
b
E
to
. L
g
o
,..

i of

A Rz <A e CLA

Artemia 9%73 A CLAZ 05~50% H7I8I9E A S Arte
mia & AAEzA Y wElE A 49 CLA 371l 371EsE
CLA ¥%2 &M, ¥ Artemia 579 APz UrEMl
01 At iAol B 4FE v A G LR ey
F A 3 $EI S 5 on-6 AP §Fo) got AlRd HUE
1@4 4% e Ao et 23T n3/n-6 PUFA ¥7}
A 289 39580 PA3 dol CLA F7P7t Be55 4%
& Afste Aoz vehd wigAE $9 DHA #7 271
oo} & RoZ oAA
Iz o8 AT $8 28 F F CLA 3 Fo] 3 wg
747t 6.57~1607% 7} 235 o] CLAY o AFAED g7 oA
A #gE Axe Aoz vEiyt 89 AYE, AlRAE,
DHA/EPA B, n-3/n-6 PUFA ¥}, €8 2E EdA4; 58 vin
398 W 10% CLA 7P BHS A3 Aoz A4

[=] - =
o]l EE& 1997d FAEAAA Y Aol g AU A7
N AR FA HFFARA A =Y

4 3

Ho
ok

Bell, MV, RS. Batty, JR. Dick, K. Fretwell, J.C. Navarro and JR.
Sargent. 1995. Dietary deficiency of docosahexaenoic acid im-
pairs vision at low light intensities in juvenile herring (Clupea
harengus L.). Lipids, 30, 373~476.

Blaxhall, P.C. and KW. Daisley. 1973. Routine haematological me-
thods for use with fish blood. J. Fish Biol, 5, 771~781.

Bligh, EG. and W.J. Dyer. 1959. A rapid method of lipid extraction
and purification. Can. J. Biochem. Physiol,, 37, 911~917.
Brinkmeyer, RL. and G.J. Holt. 1998. Highly unsaturated fatty acids
in diets for red drum (Sciaenops ocellatus) larvae. Aquaculture,

161, 253~268.

Chin, S.F.,, JM. Storkson, KJ. Albright, M.E. Cook and M.W. Pariza.
1994. Conjugated linoleic aicd is a growth factor for rats as
shown by enhanced weight gain and improved feed efficiency.
J. Nutr,, 124, 2344~2349.

Choi, B.D,, SJ. Kang, Y.L. Ha and R.G. Ackman. 1999. Accumulation
of conjugated linoleic acid (CLA) in tissues of fish fed diets
contaning various levels of CLA. In Quality Attributes of Muscle
Foods. YL. Xiong, C.T. Ho and F. Shahidi, eds. Kluwer Acade-
mic/Plenum Publishers, New York, pp. 61~71.

Cook, MEE,, C.C. Miller, Y. Park and MW. Pariza. 1993. Immune
modulationby altered nutrient metabolism : nutritional control of
immune-induced growth depression. Poult. Sci, 72, 1301~1305.

Ha, Y.L, J. Storkson and MW. Pariza. 1990. Inhibition of benzo[a]
pyrene-induced mouse forestomach neoplasia by conjugated die-
noic derivatives of linoleic acid. Cancer. Res., 50, 1097~1101.

Hur, BK, DW. Cho, HJ. Kim, CI. Park and H. J. Suh. 2002. Effect
of culture conditions on growth and production of docosahexae-
noic acid (DHA) using Thraustochytrium aureum ATCC 34304.
Biotechnol. Bioprocess Eng., 7, 10~15.

Kim, SJ, KA Park, JH. Yoon, JJO. Kim and YL. Ha. 2000. Pre-
paration of a large quantity of cis-9, trans-11 and trans-10, cis-12
conjugated linoleic aicd (CLA) isomers from synthetic CLA. J.
Food Sci. Nutr, 5, 86~92.

Klinger, R.C, V.S. Blazer and C. Echevarria. 1996. Effects of dietary
lipid on the heamatology of channel catfish, Ictalurus punctatus.
Aquaculture, 147, 225~233.

Koven, WM, G.W. Kissil and A. Tandler. 1989. Lipid and (n-3) re-
quirement of Sparus aurata larvae during starvation and feeding.
Aquaculture, 79, 185~189.

Lee, KN, D. Kritchevsky and M.-W. Pariza. 1994. Conjugated linoleic
acid and atherosclerosis in rabbits. Atherosclerosis, 108, 19~25.

Lee, SM, 1G. Jeon and LY. Lee. 2002. Effects of digestible protein
and lipid levels in practical diets on growth, protein utilization
and body composition of juvenile rockfish (Sebastes schlegeli).
Aquaculture, in press.

Lee, SM, LY. Lee and S.B. Hur. 1994. Essentiality of dietary eicosa-
pentaenoic acid and docosapentaenoic acid in korean rockfish,
Sebastes schiegeli. J. Kor. Fish. Soc., 27, 712~726.

Lovell, RT. 1989. Nutrition and feeding of fish. Van Nostrand-Rein-
hold, New York, USA, pp. 260.

McEvoy, LA. and JR. Sargent. 1998. Problems and techniques in live
prey enrichment. Bull. Aquacul. Assoc. Canada, 98, 12~16.
Miller, C.C,, Y. Park, M.W. Pariza and M.E. Cook. 1994. Feeding

conjugated linoleic acid to animals partially overcome catabolic



320 A9 - 4%

responses due to endotoxin injection. Biochem. Biophys. Res.
Commun., 198, 1107~1112.

Ministry of Maritime Affairs & Fisheries. 2000. Statistical Yearbook
of Maritime Affairs and Fisheries. Information Officer, ed. Jung
In Sa, Seoul, p. 1066 (in Korean).

Navarro, J.C.,, RJ. Henderson, LA. McEvoy, M.V. Bell and F. Amat.
1999. Lipid conversions during enrichment of Artemia. Aquacul-
ture, 174, 155~166.

Park, Y., KJ. Albright, W. Liu, JM. Storkson, M.E. Cook and M.W.
Pariza. 1997. Effect of conjugated linoleic acid on body composi-
tion in mice. Lipids, 32, 853~858.

Peterson, I. and J.S. Wroblewski. 1984. Mortality rate of fishes in the
pelagic ecosystem. Can. J. Fish Aquat. Sci, 41, 1117~1120.
Rainuzzo, J.R.,, Y. Olsen and G. Rosenlund. 1989. The effect of
enrichment diets on the fatty acid composition of the rotifer

Brachionus plicatilis. Aquaculture, 79, 157~161.

Rainuzzo, IR, KI Retain and Y. Olsen. 1997. The significance of
lipids at early stages of marine fish: A review. Aquaculture, 155,
103~115,

Sakata, T., T. Fujisawa and T. Yoshikawa. 2000. Colony formation

9uT - 99

and fatty acid composition of marine labyrinthulid isolates
grown on agar media. Fisheries Sci., 66, 84~90.

Sargent, JR, RJ. Henderson and D.R. Tocher. 1989. The lipids. In
Fish Nutrition, 2nd edn., J. Halver, ed. Academic Press, London,
pp. 153~217.

Takeuchi, T., M. Toyota, S. Satoh and T. Watanabe. 1990. Require-
ment of juvenile red seabream Pagrus major for eicosapentae-
noic and docosahexaenoic aids. Nippon Suisan Gakkaishi, 56,
1263~1269.

Watanabe, T., M.S. Izquierdo, S.S. Takeuchi and C. Kitajima. 1989.
Comparison between eicosapentaenoic acid and docosahexae-
noic acid in terms of essential fatty acid efficacy in larval red
sea bream. Nippon Suisan Gakkaishi, 55, 1635~1640.

Watanabe, T. 1993. Important of docosahexaenoic acid in marine
larval fish. J. World Aquacul. Soc., 24, 152~161.

RRUTISEA, MA . 1998 BRAEEIZ &1 5DHASEOWHEN. %78, 10,
56~62.

20029 49 8Y H#F
20029 6% 18¢ g



