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Lipid requirement in granulated microdiets for rockfish
(Sebastes schlegeli) larvae

Hyeon Jong Kim

The Department of Marine Bioscience & Environment, Graduate School, Korea

Maritime & Ocean University

Abstract

The optimal lipid requirement in the granulated microdiets was determined for larval
rockfish (Sebaste schlegeli). Five granulated microdiets containing different five levels of
crude lipid (CL) ranging from 11 to 23% with 3% increment, referred to as the CLI11,
CL14, CL17, CL20 and CL23 diets, at a constant crude protein level (52.8%) were
prepared in triplicate. 9 days after parturition, 4500 larvae were distributed into 15
indoor 70 L square plastic tanks (300 per tank). As the lipid content increased in the
granulated microdiets, sum of n-3 highly unsaturated fatty acid (2n-3 HUFA) content
increased. The weight gain and growth rate of the rockfish larvae fed the CL20 diet
were greater than of larvae fed the all other (CL11, CL14, CL17 and CL23) diets. In
addition, the weight gain and growth rate of the rockfish larvae fed the CL17 and
CL23 diets were greater than of larvae fed the CL11 and CL14 diets. The total length
of larval rockfish fed the CL20 diet was also longer than of rockfish fed the all other
diets. The whole body lipid content of rockfish larvae increased with dietary lipid
content. 2n-3 HUFA content of the whole body of rockfish larvae increased with
dietary lipid content. In conclusion, dietary lipid requirement was estimated to be 17.3%

based on the weight gain (broken-line model) of the larval rockfish.

Key words: Rockfish (Sebaste schlegeli), Larvae, Granulated microdiets, Lipid

requirement
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Fig. 1 Total aquaculture production finfish in Korea in 2017.
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Fig. 2 Total aquaculture production finfish in Korea in 2017.
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ABAZE 7HE ol

e

83FtH(Bai & Cha, 1997; Langdon, 2003; Lee et al.,
2012).

Aukxl o2 FHAbo] AR E = Z7|AFEE Crumble AFS(crumble diet)9} I
VYAl AlS(granular microdiet)Z TFEETH g oA A AEET = HHEEY 7
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L ugA AR Ao Crumble ALRE Bast] AT gle AAolT F EF
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St} Crumble ALE S| A 2= LHE B} &AL S (extruded pellet, EP) A AHlE <k 10
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AdET. it F{F FAXNE FE(Pagrus major) (Lopez-Alvarado & Kanazawa 1994;
Teshima et al., 2004), ‘d X|(Paralichthys olivaceus) (Bai et al., 2001; Takeuchi et al.,
2003; Wang et al, 2004; Li et al, 2013; Ha et al., 2018), ™A ¥ th(Gadus morhua)
(Baskerville-Bridges & Kling, 2000; Fletcher et al., 2007; Johnson et al., 2009) 5ol ©j
g 27 s el dig A7 389 bk Aok
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Table 1. Feeding schedule and ration for rockfish larvae by days after parturition (DAP) in this study.

Amount of mixture

DAP Amount of Amount of
Rotifer Artemia of #3 and #4 Daily feeding
(day after microdiet (#3) microdiet (#4)
(Number/mL) (Number/mL) microdiets at 1:1 frequency
parturition) (g/time) (g/time)
(g/time)
0
1-5 12
6 6 6
7-9 12
10 4 0.02 8
11-14 0.04 12
15-20 0.20 12
21-23 0.47 12
24-27 0.50 12
28-29 0.58 12

Size of #3 and #4 microdiets were 0.31-0.48 and 0.48-0.63 um, respectively.
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B Aol ol&d AYHI vHA AR =X Table 20 YEIAUT. &,

84 ¥% olf ¥ 28D AR Fo wudden TFegen, ofE *
2 AAYew TH

TSR B a-HdEH 92EY-S F8 BFIEdosg FHs)
Aok AR A FEFS F 5THY FH11%-23%)E FAeH, =

1% A 23%7HA] 3%% S7HA17]1& tiiled 92EdS 3%% ZFaAA Ad &
S A3 AIAEE A FSATHCLIL, CL14, CL17, CL209} CL23). AFREY o]
o ol =4 Fou AW A Ee ol =4 vEhd olfE adde] A4
SFo]l 30% AF=E =A UEtsr] wiEolH, o3 AdWe] Asd Fo i
doz 325%7F AHgol H7 ol AW A& FHaFo] A dEbEo. AHE vHA
Al AxE oFE AT ZE YR ES air Z-mill (SK Z-mill 0405, Seishin Co.
Ltd, Japan)Z 3 F Z1F EFsIHor, =FF YEES granulator (Flow-Z
granulator, Okawara Co. Ltd.,, Japan)E # Y3} A& AT o]F Azd 749
g v PR AAEE 74 Z7] (Horizontal Fluid Bed Dryer, Okawara Co. Ltd., Japan)ol| 4|
60C 2 A=x3tA. A s ekl aFd 52.8%F &< 5 (isonitronic)
AANZHT #AHE vEA AARs 2718 2FRE B 27 3 AEG35: 031~0.48 m
o 4% 0.48~0.63 M= A2, Ao AHgH EE AHEY vHA dPAR
© AAFAHA AAT HIAEGF)ANA A=zttt AHE vHA dFAR
e Hlwsky] fto] s oA B8 rHA AR 25 F(Belgium, Japan)9t =

g
Al g = Crumble AFREE FH|stg oW, RE AdAS = 3HHETE FRIT)
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Table 2. Feed ingredients of the experimental granulated microdiets (%, dry matter basis).

Experimental diets

CL11 CL14 CL17 CL20 CL23 Belgium Japan Grumble
Ingredients (%)
Sardine meal' 20 20 20 20 20
S(‘)’Ill‘ézllftriz? protein 20 20 20 20 20
Krill meal 32.5 32.5 32.5 32.5 32.5
Wheat gluten 4 4 4 4 4
Taurine 2.5 2.5 2.5 2.5 2.5
a-starch 2 2 2 2 2
Dextrin 12 9 6 3 0 closed
Fish oil 0.5 3.5 6.5 9.5 12.5
Soybean lecithin 0.65 0.65 0.65 0.65 0.65
Vitamin premix’ 4 4 4 4 4
Choline chloride (50%) 0.85 0.85 0.85 0.85 0.85
Mineral premix* 1 1 1 1 1
Nutrients (%)
Dry matter 98.2 97.8 98.2 97.9 98.3 95.6 98.2 97.4
Crude protein 52.6 52.8 52.9 52.8 52.4 56.0 57.1 56.0
Crude lipid 11.1 14.3 17.4 20.6 23.6 10.4 14.7 8.9
Ash 9.0 9.0 9.1 8.9 9.1 8.5 12.2 11.0
- 9 -
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'Sardine meal imported from Chile.

*Soluble fish protein concentrate from France.

*Vitamin premix contained the following amount which were diluted in brewer’s yeast (mg/kg diet): L-ascorbic acid, 51.24; DL-a-tocopheryl
acetate, 150.0; thiamin hydrochloride, 20.0; riboflavin, 40.0; pyridoxine hydrochloride, 20.0; nicotinic acid, 150.0; D-calcium-pantothenate,
70.0; inositol, 300.0; D-biotin, 0.2; folic acid, 10.0; p-aminobenzoic acid, 18.2; menadione sodium hydrogen sulfite, 10.0; retinyl acetate,
6.0; cyanocobalamin, 0.001.

*Mineral premix contained the following amount which were diluted in brewer’s yeast (mg/kg diet): MgSO,-7H,0, 496.92; C4H,FeQ,, 65.8;
FeSO4, 103.04; CuSOs, 5.97; CoS04.7H,0, 3.42; Cal,, 3.91; ZnSO4, 68.85; Al(OH)s, 3.81; MnSO4 H,O, 65.8.

_']D_
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B-324/435/412, Switzerland)? ZA| 4 (oHZ2 FEH)S EAsIRoH, =32 55
0C Zs}tZ2oA 4AZF & B & A, 5L 105C Dry oven©ll Al 244
F AZRAZ T AR AFAES doAAe] A4l B4 Folch et al. (1957)
of WRlel wel FREEFA MEs EFY QDo F Ade FE5 14%
BF3-MeOH (Sigma, St Louis, MO, USA) &N S =2 A4S methylation A% &,
Capillary column (SPTM-2560, 100 mx0.25 mm i.d., film thickness 0.20 xm, Supelco,
Bellefonte, PA, USA)°] “&2H Gas chromatograph (Truce GC, Thermo, USA)E A|®};

24 24 BASAT

2.7. B4 4

One-way ANOVA <} Duncan’s multiple range test (Duncan, 1955)=4] SPSS program
version 19.0 (SPSS Michigan Avenue, Chicago, IL, USA)E ©]&3slo] 7k Ag 7719
rojde ARskan. =3 FHE 27| EA ARd AL aT7FS SAES
FE&WH4EE A3 & Broken-line model (Robbins et al., 1979)& ©]&3la] SAS

o

version 9.3 program (SAS Institute, Cary, NC, USA)ol Al FA 3} AT}
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2 AFdA A A9d mgA A@EAERe siYgARE vgA As 2
TUAH-E Crumble AR AWk B A= Table 391 YEFSITE Eicosenoic
acid (C20:1n-9), EPA (C20:5n-3) ¥ DHA (C22:6n-3)8] e A3AAEY
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Table 3. Fatty acid profiles of the main lipid sources and experimental microdiets (%, total fatty acid).

Experimental diets

Fish oil CL11 CL14 CL17 CL20 CL23 Belgium Japan Crumble

C14:0 3.72 9.00 8.12 7.60 7.38 7.02 5.94 7.66 4.22
C15:0 0.55 0.56 0.45 0.42
Cl16:0 15.61 21.32 21.27 21.07 20.92 20.06 23.71 21.83 21.22
C17:0 0.50

C18:0 2.77 6.75 6.26 5.89 5.89 5.85 7.23 5.61 8.16
> Saturates 23.15 37.07 35.65 34.56 34.19 32.93 37.44 35.55 34.02
C16:1n-9 3.52 5.81 5.26 4.94 4.92 4.81 4.90 5.95 4.59
C18:1n-9 15.23 22.18 20.61 20.06 19.16 18.45 14.38 12.16 24.34
C20:1n-9 7.72 1.53 2.11 242 2.57 2.68 2.36 1.96 1.44
C22:1n-9 4.93 0.65 0.63 0.61 0.60 0.52 1.36 0.44 0.52
C24:1n-9 0.89

> Monoenes 32.29 30.17 28.61 28.03 27.25 26.46 23 20.51 30.89
C18:2n-6 1.60 4.81 422 3.89 3.55 3.27 4.60 5.98 10.90
C18:3n-3 1.07 1.59 1.49 1.45 1.36 1.28 1.08 0.99 1.78
C18:4n-3 1.83 1.90 1.83 1.81 1.80 1.70 1.10 0.93
C20:2n-6 0.58 0.30 0.34 0.37 0.38 0.39 0.40
C20:3n-3 1.57 0.62 0.74 0.85 0.89 0.92 1.28 0.92 0.78
C20:4n-3 0.68 0.39 0.41 0.44 0.45 0.47 0.38 0.41
C20:5n-3 11.83 8.68 8.77 9.03 9.02 9.04 9.26 12.26 5.92
C22:5n-3 1.01

C22:6n-3 24.39 7.87 9.80 10.97 11.76 13.04 12.37 10.86 8.42
>n-3 HUFA 40.06 17.86 20.06 21.66 22.50 23.86 23.29 24.04 15.93
Unknown 6.60 8.14 8.60 9.35 10.50 10.59 11.83 5.55

- 14 -
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3.2. ZUEY AXo 9 AEE R 4% A

A% F 90Uy B zuZe AAolE Ao she] 0UZHAY F 30Y)
g Aol AP PP ARE FFE 292 AX | BEEW),

oA F F7Hg/ish) 2 A HE(%) ZF+= Table 491 YERA AT

ZzH &8 AA ol AEELS 504~56.6%2 HWAEAM AH FFo w2
AT FolHQd Zol7t YEtA] EUThP > 0.05). 23 &= AA|o]e] FEA]
FAE CL20 AARE &8 AdTelM 7 A YEs e, CL17, CL23
ARE TEY AP AR #9RlaL, CLd ARE aHT A9, CLI
AIRE FET AFT 2 Crumble AHRE 3F3 AAT €22 FolFloz =7
YERSTHP < 0.05). 23U CL20 AR E 333 AT Belgium¥ Japan AR E

ofy
il
rok
i

T Ao H 2R Aol 7k UEUA] STHP > 0.05).

E U

ABE FEY APT, CLIL ARE FFR AT 2 Cumble AEE FFE
AT o2 fFogdo=z A UESHTHP < 0.05). 3tAITF CL20 AFRE Fg3%

3E T3 TRA FA, TAFH nRVIAR CL20 AR E FFT AP TolA
7V e e e, CL17, CL23 AARE FEd APt ause®
FEAAL CLI4 ARE FFT A3, CLII ARE 33T 487 2 Crumble
TO2 FoHoR A YEHET(P < 0.05). SHATF CL20
¢} Belgium¥} Japan ALREE a3 AT FYHo=
Apol7b WAl Sk P > 0.05). EF FAFH HFE EF Cumble ALEE

FRT AYTAA 13 e oAF F7 YFES BATKFig 4.

AL CL20 ARE ET AZTAA M8 el UEs e, Belgium

AsE FEE AYFE 2 gL ®E s CL23, CLI7T AMRE 3Hd

-

AT CLI4 AARES FF3 AdF, CLII AFRE F33% AdF 9 Crumble

MRS TET AET =02 folAHoE = UBNTHP < 0.05). CL20 AFRE

|
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FF% AYTY Jpan AEE FFE ARTHE FHoE o7l UrhiA
[e)

LA THP > 0.05) (Fig. 5).
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Table 4. Survival (%), weight gain (mg/fish), specific growth rate (SGR, %/day) and total length (mm) of rockfish larvae at the end of

feeding trail.

Experimental Initial weight Final weight Survival Weight gain Growth rate' Total length
diets (mg/fish) (mg/fish) (%) (mg/fish) (%) (mm)
CLI1 13.7 + 0.00 200.1 + 1.31¢ 540 £ 1.26° 186.4 + 1.31¢ 1364.1 + 9.58¢ 22.20 + 0.009°
CL14 13.7 £ 0.00 2112 + 1.26° 54.7 +2.22° 197.5 + 1.26° 14450 + 9.19° 22.28 + 0.015¢
CL17 13.7 £ 0.00 214.6 = 0.42° 55.0 £ 1.68° 200.9 + 0.42° 14702 + 3.07° 22.40 + 0.009°
CL20 13.7 £ 0.00 2184 + 0.71° 55.6 £ 1.35° 204.8 + 0.71° 14984 + 522 22.59 + 0.003°
CL23 13.7 £ 0.00 214.8 + 0.13° 56.6 = 0.29° 201.1 + 0.13° 1471.5 + 0.93° 22.42 + 0.010°
Belgium 13.7 £ 0.00 2183 + 0.79° 53.4 £ 0.91° 204.6. = 0.79° 1497.1 + 5.76' 22.56 + 0.009°
Japan 13.7 £ 0.00 219.7 £ 0.71° 56.3 £ 0.88° 206.0 £ 0.71° 1507.6 + 5.17 22.61 + 0.009°
Crumble 13.7 £ 0.00 184.1 + 1.57° 504 £ 2.04° 170.4 + 1.57° 1247.1 £ 11.50° 22.11 + 0.007"

Values (means of triplicate = SE) in the same column sharing the same superscript letter are not significantly different (P > 0.05).
'Growth rate = Final weight of fish/initial weight of fish x100
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33. 208 AX oo JUata Hr}

ZuEg X079 AHQTF APANA AFFTEA AES 2052 2X]0]9
Ut R BA Ail= Table 59 Zth HolAle S8 zuwd 9 387 Ik
Aol F2d Zol7F YelyA] &thp > 0.05). =AE FFS CL23

AEE Fa AP FolA CLIL, CL14, CL17, Belgium, Japan % Crumble AlEE
3

THY AYTEYG AR FA UERATP < 005, CL20 AARES FE
Aok A AolZb UEhA STHP > 0.05) (Fig. 6). 4HF mHA
dEisd Ade FFol St wmE w2 AHIFe TIT AITY
AojAlel A w2 QTS TF3 A7 Mol Hoh =x4 FFe] Srhsh=

AR 71e] AdaFEF APoNA 2047 #AHEF wPEA A@AE}
HWALRE 333 Z0EE AXol HojAef A4k EX4ZA3+= Table 69
YERAATE  Eicosenoic acid (C20:1n-9)9F DHA (C22:6n-3)°] &S A3 =
A upakol gheFe 7y AR FeolF oz Aoyt UERGAITHP < 0.05), FESH
AFS UEFA] @94t Eicosenoic acid (C20:1n-9)2} DHAS] 3FL a7+ 3t
ol A ]l Apol 7 YR O H{(P < 0.05), 44 FFEL A FALE Y Eicosenoic acid9}
DHAS] o] wa} HojA|9 Eicosenoic acid®} DHA graFo] Z wig s Ao =z
e T B3 Japan AR E 3E % AT HojA EPA (C20:5n-3) ol &
Ay ARE FF AP T AojA EPA FHET FoFoE =4 YElGOH(P
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Table 5. Chemical composition (%)

of juvenile rockfish larvae at the end of feeding

trail.

Experimental diets Moisture Crude protein Crude lipid Ash

CL11 80.4 + 0.16° 12.5 + 0.08" 2.4 + 0.10° 3.0 £ 0.08°
CL14 80.4 + 0.24° 12.5 + 0.08" 2.5 £ 0.06° 3.0 £ 0.10°
CL17 80.5 + 0.13° 12.5 £ 0.03* 2.7 £ 0.10™ 3.0 £ 0.11°
CL20 80.4 + 0.27° 12.5 £ 0.05% 2.9 + 0.15® 3.0 £ 0.07°
CL23 80.4 + 0.19° 12.5 £ 0.08" 3.2 £ 0.19° 29 + 0.07°
Belgium 80.5 + 0.22° 12.6 + 0.03* 2.6 £ 0.06™ 29 + 0.07°
Japan 80.5 + 0.23° 12.6 + 0.05° 2.7 £ 0.04* 3.1 + 0.03°
Crumble 80.6 + 0.02° 12.7 £ 0.04* 2.4 £ 0.08° 3.1 £ 0.03*

Values (means of ftriplicate = SE) in the same column sharing the

letter are not significantly different (P > 0.05).
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Table 6. Fatty acid profiles of rockfish larvae

at the end of feeding trail (% of total fatty acid).

Experimental diets

CLI1 CL14 CL17 CL20 CL23 Belgium Japan Crumble
C14:0 483 + 0.187° 4.96 £ 0.157° 5.07 = 0285 4.80 + 0.315* 4.80 + 0.112* 233 = 0.038° 3.66 + 0.029° 3.06 + 0.278"
C16:0 3294 £ 1.131* 3448 + 1.136" 34.32 + 3.073* 32.59 £ 2.784" 33.02 £ 1.444" 19.81 + 0.086" 21.22 + 0330 24.76 =+ 2.642°
C18:0 11.87 £ 0.300° 12.07 + 0.374° 11.81 + 1.068" 10.89 + 0.902* 10.97 + 0.511° 6.80 + 0.028" 6.78 + 1.062° 7.79 = 1.030°
YSaturates  49.64 £ 1.553* 51.51 + 1.610° 51.16 + 4.423° 4829 + 3.981" 48.80 + 2.067° 28.93 + 0.089" 31.65 + 1.420° 35.61 + 3.950°
C16:1n-9 3.55 + 0.085° 3.35 + 0.110™ 3.47 + 0.285™ 3.60 £ 0.169° 3.60 £ 0.133° 3.01 + 0.046° 4.80 + 0.078" 3.51 + 0.203™
C18:1n-9 21.87 £ 0.717° 21.27 = 0.601° 20.90 + 1.407° 21.17 + 1.178° 2045 £ 0.726° 19.91 + 0.129" 22.54 + 0745 25.03 + 0.705"
C20:1n-9 1.19 £ 0.052° 1.33 £ 0.060™ 1.40 £ 0.153™ 145 + 0.032° 149 + 0.092° 2.06 + 0.103* 1.43 + 0.067™ 1.58 + 0.028"
YMonoenes  26.61 + 0.843% 2595 + 0.756° 25.78 + 1.836° 26.21 + 1.378™ 25.54 + 0940 25.03 + 0.070° 28.78 + 0.601* 30.12 + 0.921°
C18:2n-6 7.60 £ 0.231°  7.16 + 0.126™ 621 = 0.382™ 7.25 + 0.468™ 6.87 + 0475 13.61 = 0.139" 7.93 + 0.403" 13.84 £ 0.498"
C18:3n-3 1.25 £ 0.054° 1.19 £ 0.072° 1.19 + 0.123° 1.34 + 0.112° 1.29 £ 0.067° 1.70 £ 0.023* 1.22 + 0.060° 1.60 + 0.081"
C20:2n-6 0.33 + 0.003

C20:3n-3 0.88 + 0.012 1.17 + 0.057 1.40 + 0.005
C20:4n-6 0.34 + 0.003 0.34

C20:5n-3 5.06 £ 0.076° 4.79 + 0.358" 537 + 0.801° 5.49 £ 0.592° 594 £ 0.169° 5.82 + 0.081" 8.09 + 0.381° 5.07 + 0.450
C22:6n-3 9.17 £ 0.236° 9.39 + 0.727° 1030 = 1.457° 11.01 + 1.118> 11.55 £ 0471® 1566 + 0.127 12.89 = 0.692° 10.71 + 0.545"
Sn-3 HUFA 14.23 £ 0.307° 14.19 + 1.085" 15.66 + 2.258° 16.50 + 1.708" 17.49 + 0.638" 23.04 + 0.191° 22.38 + 1.242" 16.72 + 1450
Unknown 1.00 + 0.980 0.01 0.01 1.24 0.02 £ 0.005 7.69 £ 0.486 8.03 + 0.383 3.18 = 0.010

Values (means of triplicate = SE) in the same column sharing the same superscript letter are

Collection @ kmou
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Fig. 6 Crude lipid of rockfish larvae at the end of feeding trail (mean of triplicate +
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drzio g HigAERW BFANAEY e ofRwe AR 2 A T
YT 7]XITHNRC, 2011). - AFolA AFZEY eicosenoic acid, EPA X DHAZ2]
TFe AR AFgFo] Frheel wet Skt IRk o ® xyuEetS
233 FfatelFel FFAYLE EPA EE DHASY 22 34 A=
E X312 ¥4Hn-3 highly unsaturated fatty acids, n-3 HUFA)S 222 3Th= (Lee et
al., 1993a, b; Lee et al, 1994; Lee, 2001; Kim & Lee, 2005) o|xe] A+A3}r}
Hud u glow, siitol/el Algo] wWtEA] ZgtEojop = FHF3Ql
9 4(Sargent et al., 1997; Sargent et al., 1999)2} Ry H o]jxHe] AFLZAFAI} Ut}
a8V Z5(Pagrus major), AE-(Takifugu rubripes)™ 22 LF it FAA=
AUz DRk Hrbes 8|e 9835 YERH T (Takeuchi et al., 1990; Han,
1996)= olde dAFAx w3 EAS7]Y BEASGAY AR g G Fo
AL FEFe AHste Zo] Fesit & Stk wEkA o]Hd oA
ATAFAES HEeE B Aol EF EPA, DHAS #2 n-3 HUFAS ALsU

Agate] T 848 AAFsk 7] AXAO] Ey=Fe] HA LAt

W - (Anguilla japonica), A+55-, gilthead seabream (Sparus aurata), channel catfish
(Ictalurus punctatus), A% ‘3 X|(Hippoglossus hippoglossus)s TF¥sH o]&ol st
ATFolA AbRS] AWE 2ol ojAle] AW 24 FEs 71Xt Bad vt
) Th(Ibeas et al., 1996; Bae et al., 2004; Aksoy et al., 2009; Koizumi & Hiratsuka,
2009; Kikuchi et al, 2011a, b= A3 A7 A7 SATTh o3 A3 A4
=
Aoy, B AFoA ABY A Ao Z7to]l wE} eicosenoic acid® DHA $Eko]
FetH o, HAojx] X3 eicosenoic acid¥ DHA &&o] F713h Ao} XS
g F AT AHFR o 99 Ay AFEAA S B AP AHAE EGE
AZ AL ARY A 249 FoAS AEstool & Zlow Al dn
AToNA Z=aE ARoo HEELS 50.4~56.6%2 WHWA=RA AF FFo
AT FYA QD Zolrt YEUA] ggken, o3 B AP A=

l
N1

2 HEoE AR At AL AoAY A 2R IdFS T

¢

e
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e oo N
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FE(Yoo & Bai, 2004), @X|(Bai & Cha, 1997), Z3]E2HCho et al, 2015) T
ol ArAEyet TU AHE HIAUT

SAZFS dIHZES CL20 ARE a3 2714 Belgium¥ Japan AHRE
FTET AFTE AL & AFTSe FoF Aoyt st on, =3
SAZFN 44E BT Crumble AARE FFT AP TFNA 7 @& ofAlF S7ke
dHES Btk ol AXor] =9 ESY AA AAW dHdE e 7F AFPlA
A deo] gaFo] 14%(Lee et al, 2002)%1 o] AFAI} AolE Holw, HA
AdY dad og Ay @id 50%Y W K" o] 15%, @A
shako] 45%Y wl A Fe] 3FEFo] 19%(Cho et al, 2015)%1 ojHe] AFAIS}IT
o] E HATE FFANE Lee et al. (2002)2] AFolAE AXoj7] A= AZFA]
FAZY 21.6 gol™, Cho et al. (2015)8] AFolA= AZA FAZE 3.2 golAth
Jiyg B AT AMgE 2B 27] AR|or|e AAR ARA FAE
137 mg o2 22 AXoj7] A TF= AZA FAC| wE Zo]rt EAEHH,
ATl AHEH ZuEgo] g ofd@dAgs Aolfol EAGT 9o ARES
Ho 2 & w giREe offE FAZE FAL odFE oS U Be JYLE

22 3H(Tocher, 2010)= ©]A o] A7 AT} T XSt}

e

2018)°  THRE ol ATFold i S FARHA 3 Af AR
&

a.

olFg Ay AFAES niEgez T u ARY o AFHY FH= oFY
ARES A% oduAYPoes aaHolx Yths AFAH/E HildHKanazawa et al,

1980; Lee & Kim, 2005; El-Kachief et al, 2011; Yoo & Bai, 2014) ©] 2] AFE=3}

RGP > 0.05). O, A A FFL CL23 AEE FFS AP TFA CL20
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ARE FET AITFE AT 2 AdFTFeE F™J] A7t vERTHe <
0.05). ol#3 A= JX(Lee & Kim, 2005), ¥ 2}3 oHAbdel-Hakim et al., 2008),
(Yoo & Bai, 2014) T HoAA o AH3Fe] Fo|d ztole WERIA] GFgtont
As AFgge wEl Frlste AFgE Hlt BRud ol AFe) dXEhe

, FIA sl FE ALEUle]l EPA =& DHASH 22 n-34 1=EBZ A
S o2 S (Webster & Lovell, 1990; Koven et al, 1992; Ruyter et al., 2000;
Lee et al., 2003; Fonseca-Madrigal et al., 2005; Kim & Lee, 2005; Mourente et al.,
2005). & Ao AHEY vPA} APARS} HIWUARE TET =
oA e A4k B4 A3} = Eicosenoic acid®t DHAS & A|9d ZE X 4ke
FFE 4 AP FYHer Zol7t YERRAITHP < 0.05), FRI AFS U
E}LEA] 25 9kT}. Eicosenoic acid®} DHAS] 3HeF2 37 Holl F4<1 o7}
WOH((P < 0.05), 2 HPAES] Eicosenoic acid?t DHAS| ko] whel ojx) <]
Eicosenoic acid®} DHA 3ol Z mid @ Z 02 YEyTh
ol AFlA AA|7]9 Zu|ESE n-3A4 AEEZIAA 2T FE AR

1% W32 FHEA S (Lee et al, 1993a, b, 1994), <F 130 g AF2] FIH54Ao]
ZaEFAE n-34 LEEZFARL QFFES AR 0.6-09%F BIEH AT
(Lee et al, 2000). & AFolA HH Ad 3F7F2 CLI7H CL20 AlC]E AL H
o, 5Y ZHA n-34 1=BxFAPa @ FHEe AFY 3.68-4.50%2 FHE
o 2 A7 n-3A4 AEEEZSIA| WA 875 o] AFoA BRu" gk A
©o]& Eo|=t|, gilthead seabream (Salhi et al., 1994)3} Woi(Seriola quinqueradiata)
(Furuita et al., 1996) & ATolA EIF FLAZFTY ol ATFAHSL} ZolE HO|

M, ol AR W AT, AE D A% 5% 2 23 /120 gt 2 A 5

k9
(s
g
>
S
K
A
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