ol

AL A A B9 e

(Anguilla japonica)] A&
Auparel A el Wk AT

2005641

24



N

20043 12€

0}

u A}

3
5}

4 ol

=
T

o o supa}

2

_CH



.

A

Abstract — — —— - ———

A1

v
e
<0

=K

1A} 5

-

Al &
=

2.

13

13

I+
I3

el

co

Pelld

13
14
14

- 15

pase)

B

o
o

o

'
%

~~
BO

A
=

of

.

R

el

o3

~X

15
15

a4 A

i=4

o uloA)
Aax. =

At



21
21
21
22
22
- 23
23

l.ﬁ:x]ﬂ

AL
=

A

8

5

=

)
4y FA R

e

54 JE

A o}7] WA 9]

& ol
=

A

3)

3. oA %

A 3G

32

o

BV

— 44
44
46

- 48

7

3

7}

]

8

B Ay a7

g

44 7Y

=)

o)) 44
A AL

1)
=

u‘ljJ XOP
2]

o

‘g] e
Q}: -

1017]

R

. X
=

A
N

e
] II.

ks
i=

]

A 4%
ASs5d 2
A6 3



Studies on Requirements of dietary Essential

Fatty Acids in Japanese Eel, Anguilla japonica

Jun - young BAE

Department of Fisheries Biology, Graduate School,
Pukyong National University,
Busan 708-737, Korea

ABSTRACT

The present study was conducted to evaluate the optimum
dietary requirements of essential fatty acids (EFAs) such as linoleic acid
(LA, 18:2n-6), o-lenolenic acid (LNA, 18:3n-3), or docosahexaenoic acid
(DHA, 22:6n-3), eicosapentaenoic acid (EPA, 20:5n-3) and arachidonic
acid (ARA, 20:4n-6) in juvenile Japanese eel, Anguilla japonica

(Experiment 1), and glass eel, Anguilla japonica (Experiment II).



In the experiment I, based on weight gain, feed efficiency,
specific growth rate and protein efficiency ratio of the experimental
results, we concluded that a-linolenic acid (n-3) and linoleic (n-6) were
necessary for optimum growth of juvenile eel (150 + 3 ¢g), and
optimum dietary requirement of a-linolenic acid (n-3) and linoleic (n-6)

were 1:1 ~ 1:2, respectively.

In the experiment II, based on weight gain, feed efficiency,
specific growth rate and protein efficiency ratio of the experimental
results, we concluded that a-linolenic acid (n-3) and linoleic (n-6) were
necessary for optimum growth of glass eel (0.15+0.05g), and optimum
dietary requirement of a-linolenic acid (n-3) and linoleic (n-6) were 1:1 ~

1:2, respectively.



Experiment I:Optimum dietary Essential Fatty Acids Requirements

in juvenile Japanese eel, Anguilla japonica

This present study was conducted to evaluate the dietary
requirement of essential fatty acids (EFAs) such as linoleic acid (LA,
18:2n-6), a-lenolenic acid (LNA, 18:3n-3), or docosahexaenoic acid
(DHA, 22:6n-3), eicosapentaenoic acid (EPA, 20:5n-3) and arachidonic
acid (ARA, 20:4n-6) in juvenile eel Anguilla japonica cultured in the
recirculating system for 16 weeks . The experimental diets contained
50% crude protein, 10% crude lipid and 3800 kcal/kg energy. Brown
fish meal and blood meal were used as the main protein sources, while
coconut oil, corn oil and linseed oil were used as the lipid source to get
different fatty acids ratios. The effects of the essential fatty acids
supplementation on weight gain (WG), specific growth rate (SGR),
feeding efficiency (FE), proximate composition and fatty acids contents
of whole body were examined after the feeding trial. WG, SGR, and FE
of fish fed diet D> D3, was significantly higher (P < 0.05) than those of
fish fed the other diets. HUFA concentration of whole body of fish fed
D1 was significantly lower (P < 0.05) than those of fish fed the other
diets. HUFA/SFA (saturated fatty acids) ratio of whole body in fish fed
diets D2, Dy and D were significantly higher than that of fish fed diet D,
(P < 0.05). DHA/EPA ratio of whole body in fish fed diet D; was

significantly higher than those of fish fed the other diets; and fish fed



diet Ds showed the lowest DHA/EPA ratio among all the dietary
treatments (P < 0.05). Based on the experimental results, we concluded
that LNA (n-3) and LA (n-6) were necessary for optimum growth of
juvenile eel, and the dietary requirement of LNA and LA were

0.35~0.5% and 0.5~0.65%, respectively.

Experiment II: Optimum dietary Essential Fatty Acids Requirements

in glass eel, Anguilla japonica

This present study was conducted to evaluate the dietary
requirement of essential fatty acids (EFAs) such as linoleic acid (LA,
18:2n-6), a-lenolenic acid (LNA, 18:3n-3), or docosahexaenoic acid
(DHA, 22:6n-3), eicosapentaenoic acid (EPA, 20:5n-3) and arachidonic
acid (ARA, 20:4n-6) in glass eel Anguilla japonica cultured in the
recirculating system for 6 weeks . The experimental diets contained
50% crude protein, 10% crude lipid and 3800 kcal/kg energy. Brown
fish meal and blood meal were used as the main protein sources, while
coconut oil, corn oil and linseed oil were used as the lipid source to get
different fatty acids ratios. The effects of the essential fatty acids
supplementation on weight gain (WG), specific growth rate (SGR),
feeding efficiency (FE), proximate composition and fatty acids contents

of whole body were examined after the feeding trial. WG, SGR, and FE

Aivv.



of fish fed diet D, D3, was significantly higher (P < 0.05) than those of
fish fed the other diets. Based on the experimental results, we concluded
that LNA (n-3) and LA (n-6) were necessary for optimum growth of
juvenile eel, and the dietary requirement of LNA and LA were

0.35~0.5% and 0.5~0.65%, respectively.
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EI5S

Palmitic acid (C16:0) hinssiiaidp! (16 °

!

Stearic acid (C18:0) i (20:0 P C22:0

‘ EEBR (Bl T BHA WA MA)

Oleic acid (C18A?)

Linoleic acid (C18A 5'2) @ - linoleic acid (18:3w3) b:: I%EIAA

(M=) RE

‘ BERYE

¥ — linoleic acid (C18A &12)

C20A 81114

EEFHIE

Prostaglandm G, Arachidonic acid (C20A 38.11.14

A

Prostaglandin E,

Fig 1. Synthesis pathway of essential fatty acids
ey AaExgate] A AR R AR E olfE Aol AAEH
L AbE g0 won, FANEe], Yof, §ide], AdHAY] 5o 4
SIS, o

»ﬂﬁ, {Z"BFLH 3[:_}%81-?%}9] %—7]‘ E;"l IE]]A]»%Q/] %7]'

o =
[}

o] WA Sl a(Castell et al., 1972a; Takeuchi and Watanabe, 1977a)b;

[e}

Takeuchi et al., 1980; Satoh et al., 1989), <J©{(Shimma et al., 1977), §-



#] 7} & o] (Watanabe, 1982; Watanebe et al., 1984c; Leray et al., 1985),
% (Watanabe et al.,, 1984ab)ollA] Aol a7 »u @ v} o

g, sdEEd oA jaj“}l\*xlﬁo“:}% n-3 A€ el linolenic acid
(18:3n-3)9} n-6 ALl linoleic acid (18:2n-6) ¥ arachidonic acid
(20:4n-6)©] A ¥}, 18:3n-39} 20:4n-63= 18:2n-6 2 H-E] A5 29 U4

42 Fa 44D £ Atk Aol WHA oY, 182n-6to] B4

h

Ao BREI AU gy ofFE o5 I 03—3‘9] e
oF g wel Haexake] g o] debx|n], o] Fo wigl Eo
Ae Wl n3AE 52 n6A1E AabS @ 8k ofFo] gl
T, ol F Al e A Al Sk oFE 2 E4
ghel ol Fol el &9olE 1-2.5%9 18:3n-3& & 78i(Yu and
Sinnhuber, 1979), o= 18:2n-63} 18:3n-3 2} 1% 8 -3} (Watanabe
et al., 1975; Takeuchi and Watanabe, 1977a), ¥ e} o} n-3 2| ulAF 1
h n-6 AWiHS 05% FolAd v @wol Q& 43}(Takeuchi et al.,
1983). & itolf= n-3 AHAHS o @ol aFEE Aol o
> 0.5%9] n-3 HUFAE Q2138 (Yone et al., 1975), E]¥ (Gatesoupe
et al, 1977)% wo](Deshimaru & Kuroki, 1983)= 77} 0.8%%F 2%<]
EPAS} DHAZ & 73t}

Japanese eeloll tf 3] Takeuchi et al. (1980)= ZHAFxukal 7124
linoleate, laurate %' n-3 HUFAQ] H7}g o] thal ®H s v} gon,
European eel (Anguilla anguilla)®] $))4 Degani et al. (1986)= ]2
ot H7beFe] oisl, De Silva et al, (1997)2 Australian eel (Anguilla
australis)®] 472 ©APH = ubAL H Al o] W3}, 12] 37 Gunasekerfa et
al. (2002)= A2 o] F5+7F Australian eel (Anguilla australis)®] 4 #ol|
2= dekS WoarEtgdth. T1elu} Japanese eelol] JojA]l e 7bH

S E LA HOL*J(highly unsaturated fatty acid, HUFA)ol] oj3t &3
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Acids &7 4435 A8 43

swotHA delAbiio] A GA7)w= duALE S AAlEEH T oy A}
F 9, Hyt o] HF 150 £ 3 g (meantSD)9]
A ARE Al "o 7 AR F 60 L A RS 20mb ] 3k
F2kel wi et o, FEHe 45 Limin, A S 522 25+ 1 CTE &
Attt A ArETHFEE AAF 2-3% (AEHE LY 23]
(9:00, 18:00) & w3t o™ o, & Tt

AE 717 20043 29 69 RE] 2004 69 SUAE 1657 A}
FSHPZ ArEAa, 85 AASFATS #lsh7] 8o Ehylene
glycol phenyl ether 90% (200ppm)°l] A3 E nFHA|A ~EYAE F
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2. A3dAs 2 AFAA

a2l AbEE HPAIRY 24 AP 242 717 Table 1-13%
Table 1301 Uehgilch.  AgAss  dude e ISE
(Brownfish meal)3} & & (Blood meal)S A}8393, AAYo gz ofzf

rir
o
Z
)
{o
o
fu

fr(coconut oil), $FFf(corn oil) & o}wlel f(linseed oi)S, 18]

BbrslEd o &4 d i (corn starch)? I 7} (wheat meal)E A}&
sttt Aol7] WAool Alsu] HeA Ak 1 {4 27 FS
7Fal7]l 9)dke] S7FXI(LA, LNA, AA, EPA, DHA)E A8 d7135ly
Azstlvy. Addabse] xdwA FFe 52%, =AW G 9.3%

#ogol A:stda, HEAR: 9nE E¢d § Addzolw

ey AL ~
tEAdste] WEdH R 20T WE R et Apgstct
ool FHrle] A= AFAELS fish meal : ethanol = | : 2,

(W/V)ell &7]9] ethanol8- % 31 water batholl A 75-80°C 7}#] 7} st 3
fish meals H7bsto] A DRSS FE0H3-43] 9ky). ol F, FU|&
ghol 1&gk bl A {71 8uf7k 2443 718k3t o 7% 484]7F o]
F zxste] AFHALE A}%@-E}(Kosutarak et al., 1995).

= Age AU Al Table 1-20] b9l on) 1) of %7 (Basal
diet), 2) a-lenolenic acid LNA (18:3n-3) 0.5% + lenoleic acid LA
(18:2n-6) 0.5% &7, 3) LNA (18:3n-3) 0.33% + LA (18:2n-6) 0.66%
g+, 4) LNA (18:3n-3) 025% + LA (18:2n-6) 0.75% &8,
S)arachidonic acid AA (20:4n-6) 0.25% + eicosapentaenoic acid EPA
(20:5n-3) 0.375% + docosahexaenoic acid DHA (22:6n-3) 0.375% 3&F-
T, 6) AA (20:4n-6) 0.5% + EPA (20:5n-3) 0.25% + DHA (22:6n-3)
0.25% FHR-, 7) AA (20:4n-6) 0.75% + EPA (20:5n-3) 0.125% + DHA
(22:6n-3) 0.125% w72 & 7709 A5 HA s

rl‘-%



Fig 1-2. Feeding behavior of juvenile eel



Table 1-1. Composition of the experimental diets (% of dry matter basis)'

Diets

Ingredients DI D2 D3 D4 D5 D6 D7
DFBFM’. 590 590 590 590 590 59.0 59.0
Blood meal’ 50 50 50 50 50 50 50
Comn starch’ 104 105 106 105 105 105 11.4
Wheat meal’ 100 100 100 100 100 100 10.0
Coconut 0il°® 96 79 79 80 81 80 7.0
Corn oil’ - 07 03 01 - - -
Linseed oil® - 0.9 1.2 1.4 - - -
ARA’ - - - - 04 09 13
EPA" - - - - 05 03 02
DHA'"! - - - - 05 03 02
Vitamin mixture'" 30 30 30 30 30 30 30
Mineral mixture" 30 30 30 30 30 30 3.0

Proximate analysis
Moisture (%) 83 78 73 75 75 15 16
Crude protein (%, DM) 516 52.8 523 522 525 526 S2.1
Crude lipid (%, DM) 94 94 92 93 94 93 93
Crude ash (%, DM) 93 92 93 91 92 92 92

: Ingredients information and formulation method are explained in Kim and Bai (1997).
>4 Su Hyup Feed Co., Uiryeong, Korea.; *Defatted brown fish meal

* 11 Shin feed Co., Hampyeong, Korea

> Young Nam Flour Mills Co., Busan, Korea

678 Dong Suh Oil & Fats Co., Changwon, Korea

’ ARA: arachidonic acid triacylglycerol (40% purity). Martek, USA.

" EPA: eicosa-pentacnoic acid ethyl ester (95% purity). Itochu Techno-Chemical Inc, Japan.
"' DHA: docosahexaenoic acid ethyl ester (95% purity). Itochu Techno-Chemical Inc, Japan.
" Contains (as mg/kg in diets): Ascorbic acid, 300; dl-Calcium pantothenate,
150; Choline bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150;
Pyridoxine - HCl, 15; Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol
acetate, 201; Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; By, 0.06

" Contains (as mg/kg in diets): NaCl, 437.4; MgSOy - 7H,0, 1379.8; NaH,P; -
2H,0, 877.8; Ca(H:POs): - 2H,0, 1366.7;, KH:PO4, 2414; ZnSO4.7H,0, 226.4;
Fe-Citrate, 299; Ca-lactate, 3004; MnSO; 0.016; FeSO4 0.0378; CuSOs,
0.00033; Calcium iodate, 0.0006; MgO, 0.00135; NaSeOs, 0.00025

,10_



Table 1-2. Dietary HUFA' ratios of seven different experimental diets

Diets HUFA ratio (%)

1 D1 control

2 D2 LNA’ (18:3n-3) 0.50 + LA’ (18:2n-6) 0.50

3 D3 LNA (18:3n-3) 0.35 + LA (18:2n-6) 0.65

4 D4 LNA (18:3n-3) 0.25 + LA (18:2n-6) 0.75

5 D5 AA* (20:4n-6) 0.25 + EPA’ (20:5n-3) 0.375 + DHA® (22:6n-3) 0.375
6 D6 AA (20:4n-6) 0.25 + EPA (20:5n-3) 0.375 + DHA (22:6n-3) 0.375
7 D7 AA (20:4n-6) 0.25 + EPA (20:5n-3) 0.125 + DHA (22:6n-3) 0.125

High-unsaturated fatty acid

® a-lenolenic acid, LNA (18:3n-3)

¥ lenoleic acid, LA (18:2n-6)

* arachidonic acid, AA (20:4n-6)

5 eicosa-pentaenoic acid, EPA (20:5n-3)
® docosa-hexaenoic acid, DHA (22:6n-3)



Table 1-3. Fatty acid composition of experimental diets (% fatty acid)

Diets' (% fatty acid) Pooled
D1 D2 D3 D4 D5 D6 D7 SEM
C4:0 0.02 0.14 5.48 0.07 0.07 nd nd 0.91
C6:0 0.39 nd’ 0.44 0.54 nd 0.868 nd 0.13
C8:0 7.45 9.46 8.68 9.27 10.8 8.399 19.7 1.58
C10:0 5.55 6.05 6.20 6.55 6.37  5.756 9.39 0.49
C11:0 0.01 nd 0.02 0.05 0.06 0.011 0.12 0.02
C12:0 43.1 40.3 4532 482 40.3 41.3 45.5 1.14
C13:.0 0.03 0.03 nd 0.02 0.01 0.02 nd 0.00
C14:0 16.9 13.9 14.5 15.4 12.1 15.0 9.86 0.88
Cl4:1 0.02 nd nd nd nd 0.01 nd 0.00
C15:0 0.06 0.05 0.06 0.07 0.11 0.07 0.05 0.01
C15:1 0.01 0.04 0.12 0.15 0.09 0.01 0.03 0.02
C16:0 10.1 8.82 7.99 8.87 8.56 10.2 6.17 0.52
Cle:1 0.33 0.23 0.15 0.13 0.44 0.29 0.33 0.04
C17:0 0.05 nd 0.06 0.09 0.18 0.10 nd 0.02
Cl7:1 0.02 nd nd nd 0.04 0.03 nd 0.01
C18:0 2.98 2.67 2.43 2.82 3.50 3.68 2.19 0.20
C18:1n9¢, In9t 7.93 8.10 3.53 3.30 6.69 7.77 0.51 1.12
C18:2n9¢ 2.03 4.99 1.88 1.37 1.76 1.75 1.26 0.48
C18:2n9t nd nd nd nd nd nd nd 0.00
C18:3n6,9,12¢ nd nd 0.02 nd 0.15 0.17 nd 0.03
C18:3n9,12,15¢ 0.08 3.736 1.50 1.24 0.12 0.04 nd 0.52
C20:0 0.09 0.09 0.06 0.06 0.17 0.16 nd 0.02
C20:1 0.55 0.37 0.24 0.22 1.12 0.51 0.49 0.11
C20:2 0.08 0.04 0.13 0.10 0.13 0.08 nd 0.02
C20:3 nd nd nd nd 0.12 0.19 nd 0.03
C21;0 0.05 0.05 0.01 nd 0.66 1.79 0.63 0.25
C20:4 nd 0.04 0.08 0.10 0.14 0.04 nd 0.02
C20:5 0.45 0.25 0.11 0.03 3.22 0.51 1.69 0.44
C22:0 0.01 nd 0.04 nd 0.17 0.18 nd 0.03
C22:1 0.21 0.05 0.06 nd 0.26 0.10 nd 0.04
Cc22:2 0.38 0.08 0.38 0.72 0.18 0.20 0.69 0.09
C23:0 0.04 nd 0.05 0.16 0.03 nd nd 0.02
C24:0 0.05 0.02 0.21 0.27 0.19 0.14 nd 0.04
C24:1nl5¢ nd nd nd nd nd nd nd 0.00
C22:6n3 0.98 0.60 0.30 0.17 2.36 0.60 1.40 0.29
Total 100 100 100 100 100 100 100

' Refer to the table 2.

? nd: not detected



AETE &, HAFAE 2440 HA A1 T ehylene glycol phenyl
ether 90% (200ppm)s. wlHAIA o AFE& FAHdS A &(weight
gain, WG), A}i & &(feed efficiency, FE), < 7HAJ 4 & (specific growth
rate, SGR) 2 w2 43} § &(protein efficiency ratio, PER)S 2¢1&} Y
oul oA URHAE B A 248 2AFSES

Weigth gain (%): [(final wt. - initial wt.) / initial wt.] x 100.

Feed efficiency (%): (wet wt. gain / dry feed intake) x 100.

Specific growth rate (%): [(log. final wt. - log. initial wt.) / days] x 100.

Protein efficiency ratio (%): wet wt. gain / protein intake.

ZW125C, 3A7h), Z9WAL Keldahl 2 47 ZH(Nx6.25),
23 2o Agashyon R 2ABe MBS 2AN

Z
AZ1 %3 3 Soxtec system 1046 (Tacator AB, Sweden)& A}-83}o]

soxhlet =&Y o g R A 3199},

dYAE e et HAAANA FEd AHe] methylationS
Metcalfe et al. (1966)e] Wi <3 RAs]). ] Wk Ak

methylation  feries  silica  capillary columng %23  gas



chromatography (Trace GC)oll 23] A3t Ao} 71A+= &
~E AFE35F9] 31, detectionS FID =2 AL&3Qom BAZAL
U3 2. Instrument: Trace GC gas chromatograph, column:
quadrex, 30M, bonded carbowax 0.25 mm LD x 0.25 gm film, cat.
No.:  007-CW-30-0.25F, injector temperature: 250C, Detector
temperature: 250C, flow (gas press): 65 psi. helium, splite: 1:50 =& %

AZvtEMe BA g o) peak sampleol] o] 3] #2413}t

AW 8 ¥ A8 249 @ Qg BAL getel Ad
7] 474 AgolE of 2447 B AAAAT. 2¥olE 4
gajo]

gofel wpguel s el

Hematocrit Reader, Hawksley)ell 2]l & v} = 2] E(hematocrit, PCV)

At micro-hematocriti (Micro

Z FA4sld o | a2yl dhgkHb, g/d)> cyan-methemoglobin
H(Yokoyama, 1960)d) ¢Jste] ZA3stgrE o]l F 2 Folg Ao

A 10 ASEA Y ZE 142 2](12,000 rpm, S min)ste] 22 HA &
A A7EA] 76T Batetdlh. @A SF I (mgdl), 83
B Z(mg/dl), GOT (IU/L), GPT (IU/L), total protein (TP, g/dl)¢] 24 ]

= g BEA7] (Viros DT 60 11, Korea)E A}83}1t)

nE zHe  EAAYE Computer Program  Statistix 3.1
(Analytical Software, St. Paul MN. USA)= H2F5E21(ANOVA test) S
AaEte] ZH AR ad A (LSD @ Least Significant Difference) O &

Hr ke 2 4(P<0.05)S 7 A4 & ck

_14_



Ad M: AWM Go]o) QojAx Al Essential Fatty Acids
L7F A4S g3 A3

1 4ol 2 AHS we

Aol o] & Aoz ded ol AHste] A sta o
gom +E 28 A9 ol &, dAdA A HE&F 9l
S5 AY H4AF0 Y] Y AR (Ewha OIS F8tEA o u]A}&
= AT e AR -, Aol At A 0.15£0.05g (meanSD)<!
Aol & st Eeof A Abg A Ade] 2 T AE L
ARzEae )l 20mbe] A 3Nk 0 2 S 9f ulf 2] 8F gl o v, f-4= %k 1 L/min,
A2 2551 CE FAS Y dd AFREH S AT 10% (A E

e ¢ 28] (9:30, 18:30) Tkl on, ol W o= FTH A A7)
7He 200441 39 1Y FE 2004 49 12974A = 3
dA et

2. A3As 2 AFAA

Aol AbgE dAAtse] 24 2 AW £4E 247 Table 2-19}

[e]
Table 2-3o] uEbSITH AFALG . adYdon Ao
(Brownfish meal)¥?} & #(Blood meal) & A}L-&3std 12, #@APez oz}

Tr(coconut oil), & Ffr(com oil) 2 o}vtQl fr(linseed oil)E, 1]l
1=

sl g o R S HE(com starch)? @ 7F(wheat meal)E& A}&-
sttt zojr] Migole) Alm A Ak C1 Y Qs ¥

7Fat7l flskel 57FAN(LA, LNA, AA, EPA, DHA)E Al #H7}&to]



offo FFulol A A AAMEL fish meal : ethanol = 1 : 2,
(W/V)oll 8-7]oll ethanol2 ¥ i1 water bathol A 75-80°C 7} %] 7}&E 3 &,
fish meal& H7lete] A A RE FE0H3-43] why). ol F, F7|&
Sho] &3t FolM w187k A3 7]ske wf 74x] 484 %F o]
A A xSk A AR o] AF-E-3ci(Kosutarak et al., 1995).

v Ao AET ARl Table 2-2¢] yERfdTE AE TS 1)
o} = +-(Basal diet), 2) a-lenolenic acid LNA (18:3n-3) 0.5% + lenoleic
acid LA (18:2n-6) 0.5% $Fi+, 3) LNA (18:3n-3) 033% + LA
(18:2n-6) 0.66% 3F-7, 4) LNA (18:3n-3) 0.25% + LA (18:2n-6) 0.75%
& f-++, S)arachidonic acid AA (20:4n-6) 0.25% + eicosapentaenoic acid
EPA (20:5n-3) 0.375% + docosahexaenoic acid DHA (22:6n-3) 0.375%
g7, 6) AA (20:4n-6) 0.5% + EPA (20:5n-3) 0.25% + DHA
(22:6n-3) 0.25% 35, 7) AA (20:4n-6) 0.75% + EPA (20:5n-3)
0.125% + DHA (22:6n-3) 0.125% /= & 79 Ay 7+& HAs

ol -
A

i
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Fig 2-2. Feeding behavior of glass eel
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Table 2-1. Composition of the experimental diets (% of dry matter basis)"

Diets

Iﬂredients D1 D2 D3 D4 D5 D6 D7
DFBFM®’ 500 3590 590 59.0 590 590 590
Blood meal® 50 50 50 50 50 50 50
Corn starch’ 104 105 106 105 105 105 114
Wheat meal’ 100 100 100 100 100 100 100
Coconut oil° 96 79 79 80 81 80 70
Corm oil’ - 07 03 01 - - -
Linseed oil® - 09 12 14 - - -
ARA’ - - - - 04 09 13
EPA" - - - - 05 03 02
DHA" - - - - 05 03 02
Vitamin mixture' 30 30 30 30 30 30 30
Mineral mixture" 30 30 30 30 30 30 30

Proximate analysis
Moisture (%) 83 78 73 75 715 715 76
Crude protein (%, DM) 516 528 523 522 525 526 521
Crude lipid (%, DM) 94 94 92 93 94 93 93
Crude ash (%, DM) 93 92 93 91 92 92 92

' Ingredients information and formulation method are explained in Kim and Bai (1997).
> Sy Hyup Feed Co., Uiryeong, Korea.; *Defatted brown fish meal

* 11 Shin feed Co., Hampyeong, Korea

) Young Nam Flour Mills Co., Busan, Korea

6.7.8 Dong Suh Oil & Fats Co., Changwon, Korea

’ ARA: arachidonic acid triacylglycerol (40% purity). Martek, USA.

" EPA: eicosa-pentaenoic acid ethyl ester (95% purity). Ttochu Techno-Chemical Inc, Japan.
"' DHA: docosahexaenoic acid ethyl ester (95% purity). Itochu Techno-Chemical Inc, Japan.

" Contains (as mg/kg in diets): Ascorbic acid, 300; dl-Calcium pantothenate,
150; Choline bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150;
Pyridoxine - HCI, 15; Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol
acetate, 201; Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; B, 0.06

" Contains (as mg/kg in diets): NaCl, 437.4; MgSO, - 7H,0, 1379.8; NaH,P, -
2H-0, 877.8; Ca(H,POy),; - 2H,O, 1366.7, KH,PO4, 2414; ZnSO4.7H,0, 226.4;
Fe-Citrate, 299; Ca-lactate, 3004; MnSO4 0.016; FeSO4, 0.0378; CuSQ;y,
0.00033; Calcium iodate, 0.0006; MgO, 0.00135; NaSeOs, 0.00025

_18_



Table 2-2. Dietary HUFA' ratios of seven different experimental diets

Diets HUFA ratio (%)

1 DI control

2 D2 LNA® (18:3n-3) 0.50 + LA’ (18:2n-6) 0.50

3 D3 LNA (18:3n-3) 0.35 + LA (18:2n-6) 0.65

4 D4 LNA (18:3n-3) 0.25 + LA (18:2n-6) 0.75

5 D5 AA* (20:4n-6) 0.25 + EPA’ (20:5n-3) 0.375 + DHA® (22:6n-3) 0.375
6 D6 AA (20:4n-6) 0.25 + EPA (20:5n-3) 0.375 + DHA (22:6n-3) 0.375

7 D7 AA (20:4n-6) 0.25 + EPA (20:5n-3) 0.125 + DHA (22:6n-3) 0.125

High-unsaturated fatty acid

a-lenolenic acid, LNA (18:3n-3)
lenoleic acid, LA (18:2n-6)
arachidonic acid, AA (20:4n-6)
eicosa-pentaenoic acid, EPA (20:5n-3)
docosa-hexaenoic acid, DHA (22:6n-3)

__19_



Table 2-3. Fatty acid composition of experimental diets (% fatty acid)

Diets' (% fatty acid) Pooled
D1 D2 D3 D4 D5 D6 D7 SEM
C4:0 002 0.14 548 007 0.07 nd nd 0.91
C6:0 039 nd° 044 054 nd 0868 nd  0.13
C8:0 745 946 8.68 9.27 10.8 8399 197 1.58
C10:0 555 605 620 655 637 5756 939 049
C11:0 0.01 nd 002 005 006 0011 0.12 0.02
C12:0 43.1 403 4532 482 403 413 455 1.14
C13:0 0.03  0.03 nd 0.02 001 0.02 nd 0.00
C14:0 16.9 13.9 14.5 154 12.1 15.0 9.86 0.88
Cl14:1 0.02 nd nd nd nd 0.01 nd 0.00
C15:0 0.06 005 006 007 0.11 0.07 005 0.01
Cl15:1 0.01 0.04 012 015 009 001 003 0.02
C16:0 10.1 882 799 887 8.56 102  6.17 0.52
Cl6:1 033 023 015 013 044 029 033 0.04
C17:0 0.05 nd 006 0.09 018 0.10 nd 0.02
C17:1 0.02 nd nd nd 0.04 0.03 nd 0.01
C18:0 298 267 243 282 350 368 219 020
C18:1n9¢,In9t 793 810 353 330 6.69 777 0.51 1.12
C18:2n9%¢ 2.03 4.99 1.88 1.37 1.76 1.75 1.26 0.48
C18:2n9t nd nd nd nd nd nd nd 0.00
C18:3n6,9,12¢ nd nd 0.02 nd 0.15 0.17 nd 0.03
C18:3n9,12,15¢ 0.08 3736 150 124 0.12 0.04 nd 0.52
C20:0 009 009 006 006 0.17 0.16 nd 0.02
C20:1 055 037 024 022 1.12 051 049 0.11
C20:2 0.08 004 0.13 010 013 0.08 nd 0.02
C20:3 nd nd nd nd 0.12  0.19 nd 0.03
C21;0 0.05 005 0.01 nd 0.66 179 0.63 0.25
C20:4 nd 004 008 010 0.14 0.04 nd 0.02
C20:5 045 025 011 003 322 051 1.69 044
C22:0 0.01 nd 0.04 nd 0.17 0.18 nd 0.03
C22:1 0.21 0.05 0.06 nd 0.26 0.10 nd 0.04
C22:2 038 008 038 072 018 020 069 0.09
C23:0 0.04 nd 005 016 0.03 nd nd 0.02
C24:0 005 002 021 027 019 0.14 nd 0.04
C24:1nl5c¢ nd nd nd nd nd nd nd 0.00
C22:6n3 0.98 0.60 0.30 0.17 2.36 0.60 1.40 0.29
Total 100 100 100 100 100 100 100

' Refer to the table 2.

’ nd: not detected
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AYETE &, AFAE 24437 A2JAIZ1 T ehylene glycol phenyl
ether 90% (200ppm)=  wFHAA oA FS FASIe] S A & (weight
gain, WG), At= g &(feed efficiency, FE), 7% E(specific growth

rate, SGR) %t A 3§ & (protein efficiency ratio, PER)S <13}

o oAl bR R A =4S ARSI

Weigth gain (%): [(final wt. - initial wt.) / initial wt.] x 100.
Feed efficiency (%): (wet wt. gain / dry feed intake) x 100.
Specific growth rate (%): [(log. final wt. - log. initial wt.) / days] x 100.

Protein efficiency ratio (%): wet wt. gain / protein intake.
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AFZHA25T, 3417, }.l_“ﬂ%—l% kjeldahl & 2 2F¥(Nx6.25),
=z o2

Adsgi o IAsAY. =AM AES 2AL F

s g LI — .
A1 %3 T Soxtec system 1046 (Tacator AB, Sweden)S A}-&35}<]
soxhlet 2 SR A

Artg et 248 HolAlolA FE3  Aure]  methylationS
Metcalfe et al. (1966)2] WHo| 9oa) A8} A4k
methylation-  feries  silica  capillary columng& & %3k  gas

chromatography (Trace GC)oll 23] A ssdct.  7glol 7| 3= =
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AE AFE3L9 11, detectiond FID & Al&slgon BAzAL
o} v}l Instrument: Trace GC gas chromatograph, column:
quadrex, 30M, bonded carbowax 0.25 mm 1D x 0.25 gm film, cat.
No.:  007-CW-30-0.25F, injector temperature: 250C, Detector
temperature: 250°C, flow (gas press): 65 psi. helium, splite: 1:50 =& %l
ZolE e A g1l peak sampleo] 2] A5

3 del R APYY B4

2 TR 5 A& AN A AR ZAES dso AE
QgolE oF 24X Bob AN AAY. Adols

& anteld wAYR Fekel oHE FAE ol Bde] A

S A& & micro-hematocrity (Micro

Hematocrit Reader, Hawksley)oll 23 3&||n} % 12] E(hematocrit, PCV)

= FAs o | IR ERl dhei(Hb, g/dl) cyan-methemoglobin

H(Yokoyama, 1960)ol oldte] ZFAstqdrk. o] F e ARG AF2o

A 10F s Y7 A R 2](12,000 rpm, 5 min)dte] Ao HH G

WA A7) -76Cel Bttt A FFasmgdl), 4 Za

g Z(mg/dl), GOT (IU/L), GPT (IU/L), total protein (TP, g/dl)e] 2% oj
= ol BEA7|(Vtros DT 60 11, Korea)Z AF£3519i )

4) FAEA
2E A9 FAAgi= Computer Program  Statistix 3.1
(Analytical Software, St. Paul MN. USA)x. EAFEA(ANOVA test)2-

2AlEhe] FH afolzbH A (LSD : Least Significant Difference) @ &
Ht 7k 2] A4 (P<0.05)S A A &9t

;22,



A3 4 3

AF 1: Ho]7] WFojo] Qlo]A A}Z )| Essential Fatty Acids
SF AAHAES 9 29

v A= WAoo AA "eAubatyt o g ES #9lE)
A 5FTFe ﬂE%Eﬁ}Xl‘ﬂJQ(HUFA)% AP ALz

Hobete]l Azslgom, B ALRE Fiste] ASAFHS AA s
Tl A3 LAZ LNAE 7H7}b 0.35-0.5%, 0.5-0.65% (The ratio of LA:
LNA = 1:1 ~ 1:2) H7FS uf vpz] Agpse vs) g 2 Abg
ago FYdew =2 Ao yepytol

4737ke] duAlS 3 165772 AMSdg A i Table 1-40 e}
WAk FAEWGE)# AR FEBGR) 2ol A Di: LAgss-LNAges
AR thE AFPFEn nawste 7 =4 uelgon, Dy
LAos-LNAps A& o= FAAA 2pol7b vhAl 28 hth(P<0.05). &+,
thE=(Di: LA-LNA ZgAIS)E o8 43750 nls) fFozios o
kThHP<0.05). AR A S&(FE)¥ w2 AEFS(PER) oA A A7}
AR 43S BA=dl Dx LAes-LNAgs 23179 Dy LAgss-LNAges
A7 b2 AT vlE] feldow =okdl, ol AT 7ho)
= el A fRed, dET ARE ¥He 4ETt te 29
TE vl fre] Aoz v ti(P<0.05).

i)

Hol A AstA W rleo] #3k A= Table 1-50) JeElGLE  §vpe
“1¢] E(Hematocrit)y= tZ2toll A FojAH o 7 A verykon,

Da: LAgs-LNAgs 23 7-¢F= Fol 8l AolE Holx] ¢kr}(P<0.05).
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u&l

g ] 3 == 249 (Hemoglobin)2 9.5-11.6 (g/100ml)= el o, =
A FAAHA Aol glATHP<0.05). ¥ W GOTx Dx
AAo75-EPAg125-DHAg 125 A8 +7F TS A8 F 5o vls] 71 =qked,
Di, Do, Ds, Ds AAF9b= #9411 2o]7h QAATh(P<0.05). 3 o
GPT%} TP (Total protein)i= &&= A3 ol F-o 2l zlo]& Holx|
& HeH(P<0.05). A U] FFF(Glucose)i= UFE A LS w3
Ds: AAo25-EPAos7s-DHAg37s 2871 7F4 =koni) Dy, Dy, Ds, Ds,
D, D7 A-Fohz ol #Ql Abol7h fIATHP<0.05). G Wl ZF#~
B Z(Cholesterol) Ds: LAo2s-LNAg7s 28 77} th2 A& TS )3
7P =4 dEtstem Dy, Dg, D7 B Ao A<l o] E Kol A
o A THP<0.05).

dojAlel AR Table  1-60]  GERUIRLC TEd
81.6~83.2%, 3|%-3tak 2.14~2.54, bl 2l 3hak 43.2-44.7%, F A4k 8h
F102~113%= Fo3t Aede gl Aoz Bozcy dojae X
YA EAE Table 1-7¢] vebldch. HAAN =B E A A

(High-unsaturated fatty acids, HUFA)3Fakoll QlojA] tix7+ vwix] A
s vl fFelder wA velstow, Dy, Do ¥ 9 DD A
H7F Abojol M= 247 o)A el zpolE Holx ¢rekrl. HUFA/SFA
Hlgo] ojA Dy, Di, Deol Do) Hla] Sgdozm =4 el
(P<0.05). 3FA% Dy, D4, Ds, Dy A8 F7F 123 DDy AP T A
ol = 717t o] #Ql zto]sb vbeluit}l. DHA/EPAC] B o Qo]
A Dyo] thE AE g el folHown A =7 Jelbg o Ds
7b el ew b w Al LERR eH(P<0.05).

MH
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Table 1-4. Effects of feeding experimental diets on growth performance of

juvenile eel fed seven different experimental diet for 16 weeks'

WG’ SGR* FE’ PER®

Diets’ (%)
D1 30.34" 0.31" 23.50¢ 0.47°
D2 44.72" 0.43" 33.40° 0.67°
D3 47.14° 0.45" 35.67° 0.71*
D4 42.40™ 0.42% 32,19 0.64%
D5 38.62° 0.38° 26.82% 0.54
D6 39.24% 0.39% 28.16° 0.56°
D7 41.28% 0.41% 29.43% 0.59™
Pooled SEM’ 1.12 0.01 0.86 0.02

Means of single groups; Values in the same row with different superscripts
are not significantly different (P<0.05)

Refer to table 2

Weigth gain (%): [(final wt. - initial wt.) / initial wt.] x 100.

Feed efficiency (%): (wet wt. gain / dry feed intake) x 100.

Specific growth rate (%): [(log. final wt. - log. initial wt.) / days] x 100.
Protein efficiency ratio (%): wet wt. gain / protein intake.

Pooled standard error of mean: SD/v/n
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Table 1-5. Serological characteristics of juvenile eel fed seven different

experimental diet for 16 weeks'

Diets Pooled’
DI D2 D3 D4 D5 D6 D7 SEM
PCV (%)* 254 26 27 288%™ 32 25% 30®  0.53
Hb (g/100ml)’ 99 101 105 116 107 95 104 0.14
GOT (IU/L)* 90" 84™ 49° 71™ 91® 90 106° 3.76
GPT (IU/LY 12 10 8 10 10 10 10 025
TP (g/d1® 29 33 34 34 32 37 31 005
Glocuse (mg/dl)  107*  70° 58" 63° 120° 79° 78% 477

are not significantly different (P<0.05)

2 Refer to table 2

Hematocrit (%)

* Hemoglobin (g/100ml)

TP: total protein (g/dl)

Pooled standard error of mean: SD/+/n

GPT: glutamate pyruvate trans-aminase (IU/L)

_26‘

GOT: glutamate oxaloacetate trans-aminase (IU/L)

Means of single groups; Values in the same row with different superscripts



Table 1-6. Whole body proximate composition of juvenile eel fed seven

different experimental diet for 16 weeks

Moisture Ash lfi' 2‘:2; Crude Lipid

Diets' (% of dry matter basis)

D1 82.1 2.14 433 10.2
D2 823 2.31 43.8 10.3
D3 82.4 2.43 44.1 10.5
D4 82.1 245 443 10.6
D5 82.5 248 44.7 11.2
D6 81.6 2.51 43.6 11.3
D7 83.2 2.54 43.2 11.2
Pooled SEM® 0.18 0.05 0.21 0.18

'Refer to table

? Pooled standard error of mean: SD/+/n
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Table 1-7. Whole body proximate fatty acid composition of juvenile eel fed
seven different experimental diet for 16 weeks'

Diets” (% fatty acid) Pooled

D, D, D, D, Ds Ds D, SEM’

C10:0 0.15*  0.07° 011" 008 003 nd 0.12° 002
C11:0 nd* nd nd nd nd nd nd 0.16
C12:0 325" 210" 2.69" 2.65° 2.12° 0.61° 3.16° 0.30
C13:0 nd nd nd nd nd nd nd 0.00
C14:0 6.54°  5.04°" 6.08" 556™ 541 452¢ 501* 043
C15:0 029" 027" 032" 028" 031 029" 027° 0.02
C16:0 19.6™  18.9° 206" 19.8™ 202® 19.8" 193" 0.89
C17:0 0.19 021 012 011 014 011 019 002
C18:0 3.45° 386" 3.87° 3.79° 350" 3.92° 352 289
C20:0 009 013 006 009 011 006 011 0.17
C21:0 0.73* 071 0.69® 063 0.70® 059 071 0.05
C22:0 nd nd nd nd nd nd 0.01 0.02
C23:0 020 014 013 025 021 014 0.13 0.3
C24:0 189 199 178 174 199 202 188 0.16
SFA 4038 33.42% 3645 3498 3472 3206 3531 0.77
Cl14:1 0.19°  0.15™ 0.17° 0.16" 0.17° 0.13° 0.18° 001
C15:1 0.11 004 002 004 005 005 005 147
C16:1 7.19 659 706 689 738 695 703 049
C17:1 024 029 025 020 021 025 025 023
C18:1 436" 44.9° 42.1° 442" 442° 466" 436" 2.92
C20:1 271 294° 243° 261® 253° 261" 251° 0.18
C22:1 0.17 018 0.4 020 019 021 015 0.02
Monoene 542%  551° 522' 543 5473 568" 5377 053
C18:2n9¢c 3.19°  4.08" 418 347" 3.62° 3.69° 3.64° 0.8
C18:2n%t nd nd nd nd nd 0.02 nd 0.00

C18:3n6,9,12¢ 0.05 0.03 0.11 043 005 003 004 006
C18:3n9,12,15¢  0.33*  0.51* 046 045° 041>* 031° 028 0.03

C20:2 0.29 0.33 03t 028 024 029 027 001
C20:3 021 026" 024° 020° 0.19° 0.18° 025 003
C20:4 nd 008 004 nd 004 003 003 0.10
C20:5 1255 1.51" 147" 137" 158" 1.56° 1.45° 0.11
C22:2 0.04 007 nd nd nd nd 007 002
€22:6 4057 4677 4.56™ 449 4.38° 499" 490" 034
Polyene 941 1154 1137 1069 1051 11.1° 1093 027
PUFA/SFA 026" 035" 031" 031" 030" 035" 031" 001
DHA/EPA 324" 3.09° 3.11° 328 2770 321° 338 0.07
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' Means of single groups: Values in the same row with different
superscripts are not significantly different (P<0.05)

2 Refer to table
3 Pooled standard error of mean: SD/+/n
* nd: not detected
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Fig 1-3. Weight gain (WG, %) from the fish fed 7 diets for 16 weeks.
Values are means from triplicate groups where the bar have

different superscript in significantly different (P<0.05)

SGR (%)

Diets

Fig 1-4. Specific growth rate (SRG, %) from the fish fed 7 diets for 16 weeks.
Values are means from triplicate groups where the bar have

different superscript in significantly different (P<0.05)
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FE (%)
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Fig 1-5. Feed efficiency (FE, %) from the fish fed 7 diets for 16 weeks.

PER (%)

Values are means from triplicate groups where the bar have

different superscript in significantly different (P<0.05)

Diets

Fig 1-6. Protein efficiency ratio (PER, %) from the fish fed 7 diets for 16 weeks.
Values are means from triplicate groups where the bar have

different superscript in significantly different (P<0.05)
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A3 M: AWAolo Qojx Al U] Essential Fatty Acids
L4F 4385 s 43

o A s Aol AA "y o a7 HE s
71 flElA 5FEFY 1EEX 3]

2 YIbete] Axstdon, ¥ AlRE Fadte AASAYE 2 G
Kk 2 A 63t
(WGt A 4ESGR)O loir D3 g7 thg AP35 v
wate] 7h4 A e D2, D4 12l D7 A FebE 59 A
ol 2o 7b vhAl 9F2 WA, dgix-9F DS 12lal De AT W

lo

A4 ABRE Table 2-40 elidTh A&

freld o A UERGTHP<0.05). A} 2 &S (FE)¥ wwlA 43 g8
(PER) <] Adatet fAbgh S Boled D3 237 v
At vaste] 7 943 495 Yellglou D2, D4, T1e
il D7EE TS E Fo ARl ztelrb fle WA, dizfe DS e
D6 & o HlaA FoHor & Aoz vEryrh(P<0.05).

gl

4PN RE HAD AWFold oAl x4el lE A Table
2-59] vheRRATh Aol A
0.429~0.46%, A &2 23.3~23.83%, =AY THFS 6.22~6.6%

o Wl heh gl

TR FE 76.2~77.64%, F3E o

Aol Aol A HFAFEANS Table 2-60) YERUIQITE. A o] A

L

U}5- 3 5} A BF2H(Poly-unsaturated  fatty acids, PUFA) 3F2F, PUFA/SFA

O
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(23} A| 94k, saturated fatty acids) H|&, DHA (Docosahexaenoic aicd)
/EPA(Ecosapentaenoic aid)2] H]&o AojAx BE AdFA FoAHA
3ol 7k hebA] rsre.

mebA, = A%E Fate]l DHAS EPAS H7irh oAl A
= QEge mxE g Aoz wuuw, ALEW n3 HUFA9 n-6
HUFAE 717} 111, 12, 13 v & 7189 %], ARASH EPA+DHAS] H]

&S 7b7F 0.75%9F 0.25% o2 AukshA A Ao Ego] € Ao
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Table 12. Effects of feeding experimental diets on growth performance of

glass eel fed seven different experimental diet for 6 weeks'

WG’ SGR’ FE' PER’
Diets (%)
D1 107.69° 2.43° 41.42° 0.83
D2 146.67° 3.00° 56.41° 1.13°
D3 152.27° 3.08" 58.57" 1.17°
D4 136.67° 2.87° 52.56 1.05°
D5 94.12° 2.21° 36.20° 0.72°
D6 112.50° 2.51° 43.27° 0.87"
D7 148.53° 3.03° 57.13 1.14°
Pooled SEM* 8.79 0.13 3.37 0.07

Means of single groups; Values in the same row with different
superscripts are not significantly different (P<0.05)

Weigth gain (%): [(final wt. - initial wt.) / initial wt.] x 100.

Feed efficiency (%): (wet wt. gain / dry feed intake) x 100.

Specific growth rate (%): [(log. final wt. - log. initial wt.) / days] x 100.
Protein efficiency ratio (%): wet wt. gain / protein intake.

Pooled standard error of mean: SD/v/n

_34~



Table 13. Whole body proximate composition of glass eel fed seven

different experimental diet for 6 weeks

Moisture Ash Ifi' :)ltlgifl Crude Lipid

Diets' (% of dry matter basis)

D1 76.2 0.42 233 6.2

D2 76.5 0.43 234 6.3

D3 77.6 0.43 23.6 6.5

D4 76.6 0.46 23.5 6.6

D5 76.8 0.44 23.7 6.4

D6 76.5 0.45 23.6 6.3

D7 76.7 0.43 23.8 6.3
Pooled SEM’ 0.07 0.01 0.06 0.05

! Refer to table

? Pooled standard error of mean: SD/+/n
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Table 14. Whole body fatty acid composition of glass eel fed

different experimental diet for 6 weeks

Diets (% fatty acid) Pooled

DI D2 D3 D4 D5 D6 D7 SEM

C10:0 0.14® 0.08° 0.17° 0.20° 0.16" 0.15° 023" 0.02
C12:0 6.78"9 6.91™¢ 6.69°° 6.98™ 6.07¢ 596° 7.65° 0.89
C15:0 0.32° 0.32° 033%™ 033° 0.37° 0.34* 036® 0.05
C16:0 214 216 211 212 210 209 206 2.87
C17:0 043 030 070 081 071 073 069 0.07
C18:0 8.19°° 7.32™ 7.48™ 8.12" 8.56° 836 6.83° 1.04
C20:0 0.45* 036" 0.35" 0.35™ 0.000 0.39*° 021° 0.05
C21:0 4.13° 3.11° 3.50° 3.54° 4.84° 5.12° 533" 0.58
C23:0 0.71™ 0.59™ 0.70™ 0.52° 0.86" 0.77° 0.83* 0.09
240 140 147 148 137 149 143 132 0.19
SFA 4395 42.06 425 43.42 44.06 44.15 44.05 0.32
Cll:l 0.00 0.00 0.000 0.000 0.19 010 005 002
Cl4:1 0.14 0.15 0.16 0.14 013 017 016 0.02
Cl15:1 0.07° 1.40™ 0.68™ 135" 1.80° 1.52° 1.43® 0.18
Cl16:1 492® 565° 6.00° 4.66° 4.50° 4.99™ 535 (.68
C17:1 037" 0.30™ 032" 027° 0.28° 032" 030® 0.04
C18:1 28.1° 29.6° 27.9° 274° 262° 278" 255 378
C20:1 1.82° 203" 172" 1.79™ 1.68° 1.86" 1.56° 0.24
Monoene 3542 39.13 36.78 35.61 34.78 36.76 34.35 0.61
C18:2n9¢ 229 222® 224 246° 1.64° 1.90° 1.52° 028
C18:3n9,12,15¢ 0.20° 0.31° 0.55® 0.84* 034" 031° 040° 0.06
C20:2 0.78* 0.31™ 0.26™ 0.000 0.27° 023" 0.23* 0.07
C20:3 0.63" 054" 0.51° 0000 043° 055 053" 007
C20:5 1.98%° 1.69 2.00® 208 221* 1.75° 137° 025
C22:2 0.00 0.000 0.000 0.000 0.13 0.000 0.000 0.01
C22:6. 9.83" 8.90° 9.36" 10.0° 116" 102" 9.18" 134
Polyene 1571 1397 1492 1538 16.62 14.94 1323 042
PUFA/SFA 036 033 035 035 038 034 030 001
DHA/EPA 497 526 4.67 479 526 580 672 027
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' Means of single groups: Values in the same row with different
superscripts are not significantly different (P<0.05)

? Refer to table

3 Pooled standard error of mean: SD/+/n

* nd: not detected
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Fig 2-3. Weight gain (WG, %) from the fish fed 7 diets for 6 weeks.
Values are means from triplicate groups where the bar have

different superscript in significantly different (P<0.05)
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Fig 2-4. Specific growth rate (SGR, %) from the fish fed 7 diets for 6 weeks.
Values are means from triplicate groups where the bar have

different superscript in significantly different (P<0.05)
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Fig 2-5. Feed efficiency (FE, %) from the fish fed 7 diets for 6 weeks.
Values are means from triplicate groups where the bar have

ditferent superscript in significantly different (P<0.05)
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PER (%)

Fig 2-6. Protein efficiency ratio (PER, %) from the fish fed 7 diets for 6 weeks.
Values are means from triplicate groups where the bar have

different superscript in significantly different (P<0.05)
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= AL ggob B A WAE Ajbe] e ste
AojA =5 AZHAA Y, F& F2v 2 g
DHAS®} & ux=EX3F AMibs @ol 24 ¢
t}(Bai et al., 1998).
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ee) 2 WeEjst=tl ol F, 7|4
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S HSlth relar AFsW LNASY 3 HIF Al FAE Y AR R
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o dlo o

LERU 21 © v (Watanabe, 1974), LA9} LNAE o] A ol A EEZ3qFS 8
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1983; Olsen & Skjervold, 1995), 2 ole] A (Dave et al., 1976;

Jezierska et al., 1982; De Silva el al., 1997), 18] 31 A2 F&&& LT3l

it

W] k2l Q Ql(Satoh et al., 1984; Bell et al., 1986) %o kg RwHi=
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EoEwe W " G oFE TAM UMY V1sAel = uR
ok A|oi7] WAoje] Ats W
AR AAls A meb ]
Avs Bdz drle dae BEdE, 443 Aol Atz
Aol 9helA wido] Aojel Abs]l EPASH DHASl H7bashes gl
Ao daEv, HH 4FE AT Arsu d5A e LNA(M-3)9F
LA(n-6)0] 3L 1 Q7 g& 717} 0.35-0.5%, 0.5-0.65%, 12|31 24 LA
- LNA ratiox= 1:1 o]} 125 Az}

A3 1: x|o]7] WAo]o] QojA A= U] Essential Fatty Acids
LF 43S 9 A3

A Ao WAt el Abm Wl AgEAte A g
TS Hrtstaa AAlEAeh. Agol= HdFA 15 gl WH A
o & AbgER o, AdFAE el 55/ U}%Ei}z]ﬂg(\_} W Ry
S84 ¥ AHLA, LNA, AA, DHA, EPA)S #H7tste] % 771% Age

W2 o g skl 1657 ASARS DAsU ASA

ZH &(WG)3 A7 ZE(SGR)Y holA D3R E 7 7Hg =7
o D2AE o= oAl 2pe]r} uhx] SFrR(P<0.05). Al E
&(FE)T ool 44 3 3 8 (PER) 94| A dAste}l fAH8 43S nge
ol D237 <} D3“64%7} v AE Aol vel fFeHer gk

T
ol HeFitelz oA A7h lAhP<0.05). NG F SvtE
&1 EJE(Hematocrit)-E HETold Fofdon 7 =A dERs
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(P<0.05). & W 35 &9 (Hemoglobin)& 9.5-11.6 (g/100m)= =
AR FoHA Aol fIATHP<0.05). EH W GOT+= D7HEH T
7b g A gsd s 7 Eekor GPT9F TP (Total protein):
A AF el A frel A Ql zpolE wolx] kdrl(P<0.05). A W &
s 2(Glucose)= vh& Aol wls) DSHE A7 7HE %o,
WA A TekE FolHed Aol rh AATHP<0.05). A W Fe 2w
Z (Cholesterol)& D428 17} & A5 v8 7H A eyt
o DI, D6, D7 A7 9= FoH zol& HolA gFokri(P<0.05).
dEolol dojAu AdwtA e AP FolH ztelde Holx @&
Skar, Aoy AW 1% E ¥ 3} X 8 H(Highly-unsaturated fatty acids, HUFA)
ol delM tEae A AT Eed viE] felHes A
Elwrom) DI, D42 &9} D2~D7 A3 7t Alolo M= 2zt 8o

2po) & Ho|x ¢retthk. HUFA/SFA v &l 9lojx] D2, D3, D69
el vjs] FelHor = WERRTHP<0.05). A o=
D4, D5, D7 &3t “rel i D2~D7 A9 AF Abolell = 47t fre
A1 2ol 7} vhElwkth DHA/EPAS] vl & QlojA]l D7o] th& A3+
ol vl fodez 4 =4 Jelwtew, D57 foHow vh
A UER s tH(P<0.05).
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WG, SGR, FE, PERo| 7}4 =gtoi}, o] e A 34(Takeuchi, 1980) a1}

4

FAG FE 039 6% 77 05%H BrbE AT FolHe)
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A O: AWFojo] oA A& Ul Essential Fatty Acids
7% A48 & 9% A3
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@rtetarap AAsE. Adol= H YA 0.15£0.05g (meantSD)S]
A E Mg on, dFAE Jld 5F3Fe tpEEsixgal ¢
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by
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TOHURE relH e w B e THP<0.05). Als 8 &(FE)# vl
A a2 8(PER) A AdAet fAE s ®eled D3 AgT
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(Poly-unsaturated fatty acids, PUFA) 3$}=F, PUFA/SFA (L3} x| uFAk
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