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EPA and DHA requirements, and
evaluation of the dietary beef tallow or
poultry oil as a fish oil replacer in olive

flounder, Paralichthys olivaceus

Young Chul Kim

Department of Fisheries Biology, Graduate School,
Pukyong National University,
Busan 608-737, Korea

ABSTRACT

The present study were conducted to EPA and DHA requirements,
and evaluation of dietary beef tallow or poultry oil as a fish oil replacer
in olive flounder, Paralichthys olivaceus.

In experiment I, “the .'broken line analysis and  second order
polynomial analysis of weight gain indicated that the dietary DHA
requirement of olive flounder are the than 1.26% but less than 1.68% in
the diet for maximum growth.

In experiment II, the broken line analysis and second order
polynomial analysis of weight gain indicated that the dietary EPA
requirement of olive flounder are the than 1.10% but less than 1.59% in

the diet for maximum growth.
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In experiment III, based on the results of growth performance, beef
tallow could replace fish oil up to 100% in the diet containing 53.9% of
fish meal for juvenile olive flounder.

In experiment IV, based on the results of growth performance,
poultry oil could replace fish oil up to 100% in the diet containing

53.9% of fish meal for juvenile olive flounder.

<EPA and DHA requirements in olive flounder diet>

1. Dietary DHA (docosahexaenoic acid) requirement levels in juvenile

olive flounder

The present study was conducted to evaluate dietary DHA
requirement level of essential fatty acids.. (EFAs) in. juvenile olive
flounder cultured /in a semi-recirculating system for 8 weeks. All the
experimental diets were formulated to be isonitrogenous (50% crude
protein, CP) and isocaloric (16.8 kJ/g energy diet). In the experiment,
triplicate groups of' 15 fish averaging 3.51£0.12 g (mean+S.D.) were fed
one of the seven experimental diets for 8 weeks. Deffatted fish' meal and
casein were used as the main protein sources, while coconut oil was
used as the lipid source. At the end of the feeding trial, the effects of
DHA supplementation on weight gain (WG), specific growth rate (SGR),
feed efficiency (FE), protein efficiency ratio (PER), survival rate (%) and
hepatosomatic index (HSI) were evaluated. WG and SGR of fish fed
DHA 1.25% and DHA 2.0% diets were significantly higher than those of
fish fed control diet (P<0.05). FE and PER of fish fed control diet was



significantly lower than those of fish fed DHA 1.25%, DHA 1.5% and
2.0% diets (P<0.05). Survival rate (%) fed DHA 1.0% diet was
significantly lower than that of fish fed DHA 1.25% diet (P<0.05).
Hepatosomatic index(HSI) of fish fed the experimental diets was not
significant different.

Broken line analysis of weight gain and second order polynomial
analysis of weight gain indicated that the dietary DHA requirement of
olive flounder could be are the than 1.26% but less than 1.68% in the

diet for maximum growth.

2. Dietary EPA (eicosapentaenoic acid) requirement levels in juvenile

olive flounder

The present study was conducted to evaluate dietary EPA
requirement level ' of essential fatty acids (EFAs) in juvenile olive
flounder cultured in a semi-recirculating system for 8 weeks. All the
experimental diets were formulated to be isonitrogenous (50% crude
protein, CP) and isocaloric (16.8 kJ/g energy diet). In the experiment,
triplicate groups of 15 fish averaging 3.50£0.10 g (mean#S.D.) were fed
one of the seven experimental diets for 8 weeks: Deffatted fish meal and
casein were used as the main protein sources, while coconut oil was
used as the lipid source. At the end of the feeding trial, the effects of
EPA supplementation on weight gain (WG), specific growth rate (SGR),
feed efficiency (FE), protein efficiency ratio (PER), survival rate (%) and
hepatosomatic index (HSI) were evaluated. WG and SGR of fish fed

control diet was significantly lower than those of fish the other
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diets(P<0.05), and fish fed diets containing each EPA and DHA 0.5%,
0.75% and 1.0% were significantly lower than those of fish fed the other
diets. FE and PER were shown the same trend as WG and SGR. There
were no significant differences in survival rate (%) and hepatosomatic
index (HSI) of fish fed the experimental diets.

Broken line analysis of weight gain and second order polynomial
analysis of weight gain indicated that the dietary EPA requirement of
olive flounder could be are the than 1.10% but less than 1.59% in the

diet for maximum growth.

<Evaluation of beef tallow and poultry oil as a fish oil replacer in

olive flounder diet>

1. Evaluation of beef tallow as a fish oil replacer in olive flounder

diet

The experiment was conductedto determine the optimum’ dietary
inclusion level of beef tallow (BT) as a fish oil (FO) replacer in a diet
for olive flounder, Paralichthys-olivaceus. All the experimental diets were
formulated to be isonitrogenous (53.3% crude protein, CP) and isocaloric
(16.2 kJ/g energy diet). In the experiment, triplicate groups of 15 fish
averaging 3.93+0.07 g (meantSD.) were fed one of the seven
experimental diets for 8 weeks. Fish meal, corn gluten meal, soybean
meal and shrimp meal were used as the main protein sources, while

semi-crude salmon oil and beef tallow were used as the lipid source. At

- Vil -



the end of the feeding trial, the effects of beef tallow supplementation
on weight gain (WG), specific growth rate (SGR), feeding efficiency (FE),
protein efficiency ratio (PER), survival rate (%), whole body proximate
analysis, whole body fatty acids composition, liver fatty acids
composition and serological characteristics were evaluated. WG and SGR
of fish fed BT 75.9%+DHA 24.1% diet was significantly higher than
those of fish fed control diets (P<0.05), then fish fed BT 75.9%+DHA
241% diet was not significantly different than those of fish fed BT
63%+DHA 20% diet. FE and PER of fish fed BT 75.9%+DHA 24.1% diet
was significantly higher than those of fish fed control diet. There was no
significant difference in survival rate (%) of fish fed the experimental
diets.

Based on the results of growth performance, we concluded. that BT
could replace FO up to 100% in the diet containing 53.9% of fish meal

for juvenile olive flounder.

2. Evaluation of poultry oil as a fish oil replacer in olive flounder

diet

The experiment was conducted to determine the ~optimum dietary
inclusion level of poultry oil (PO) as a fish oil (FO) replacer in a diet
for olive flounder, Paralichthys olivaceus. All the experimental diets were
formulated to be isonitrogenous (53.3% crude protein, CP) and isocaloric
(16.2 kJ/g energy diet). In the experiment, triplicate groups of 15 fish
averaging 3.9310.07 g (meantS.D.) were fed one of the seven

experimental diets for 8 weeks. Fish meal, corn gluten meal, soybean
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meal and shrimp meal were used as the main protein sources, while
semi-crude salmon oil and beef tallow were used as the lipid source. At
the end of the feeding trial, the effects of beef tallow supplementation
on weight gain (WG), specific growth rate (SGR), feeding efficiency (FE),
protein efficiency ratio (PER), survival rate (%), whole body proximate
analysis, whole body fatty acids composition, liver fatty acids
composition and serological characteristics were evaluated. WG and SGR
of fish fed PO 50% diet was significantly lower than those of fish fed
PO 75% and PO 100% diets (P’<0.05), then fish fed control diet was not
significantly different than those of fish fed the other diets. There were
no significant differences in FE-and PER of fish fed the experimental
diets. Survival rate (%).of fish fed the all diets were not. significantly
different.

Based on the results of growth performance, we concluded that PO
could replace FO up to 100% in the diet containing 53.9% of fish meal

for juvenile olive flounder.

<Value evaluation by replacing fish oil from other oil sources>

From the results of the present studies; each beef tallow oil and poultry
oil could replace fish oil up to 100% with use of fish meal containing
539% crude protein. In the consideration of economic value, feed
companies could save 600 and 450 million won if fish oil in the flounder
feeds were replaced by beef tallow oil and poultry oil, respectively, and

also feed companies could save 5,760 and 7,670 million won if fish oil in

,iX,



the whole commercial feeds were replaced by beef tallow oil and poultry
oil, respectively. In the aspect of the profit margin, feed companies could
save 31.6 and 42.1% of production cost by replacing fish oil from beef
tallow oil and poultry oil, respectively.

However, fatty acid composition of fish fed diets containing beef
tallow oil and poultry oil level up to 25% showed no significant
difference with fish fed diets containing 100% of fish oil.

Therefore, according to the results of growth performance, beef tallow
oil and poultry oil could replace fish oil up to 100%, and feed companies
could save 450 ~ 600 million won and 5,760 and 7,670 million won in
the production cost of flounder feeds and whole commercial feeds,
respectively. Also, feed ‘companies could save 31.6 ~ 421% of profit
margin with replacing fish oil from beef tallow oil and poultry oil,

respectively.
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Table 1. Fish oil replacement of fish species

) Fishmeal ) Fish oil
Species Oil sources References
content(%) replacer
Soybean oil .
Sharpsnout YOS Piedecausa et
seabream 46% and élilfseed 100% al., 2007
Murray cod 10% Linseed oil 100% Francilgogt al,
Red sea 50% Canola oil 70% Huang ot al,
Soybean oil Sionificantl
Turbot 50% and linseed rehticantly Regozséogt al.,
oil lower
Pork lard,
beef tallow,
Sea bass 50% poultry fat, 50% Xuezo%t6 al.,
soybean oil
and~corn oil
pargemouth 30% Chicken oil 100% P At




HAbE S7h AAEEY A 2 8BS FAFS oF7IsHA ®th(Castell et
al.,, 1972; Takeuchi and Watanbe, 1977a, b; Takeuchi et al.,, 1980; Watanbe
et al., 1984 a, b; Satohat et al., 1989). st IFA W4k AA 2 F443%
o8 Qo EASH AE 7e R AW FAE M, GE X, AMYF
2 2 o] FAlo wel o]FHE t=n(Table 2), HA DY F54, 542
’d(Stubbs & Smith, 1984; Swanson et al, 1989) % prostaglandin®] JAF=
A (Kaley et al., 1985; Broughton et al, 1991)=2 1 HJ&o] T3 Aoz &
HA Atk g0l FX|7) 4o (Castell, 1972)= linolenic acid (18:3n-3)E,
Y o] (Takeuchi, 1998)+= linolenic acid®} linoleic acid BEF%&, 18|31 d4ko]
1 BHEBell et al. 19852 EPA (Ecosapentaenoic acid)®t DHA
(Docosahexaenoic acid) 22 n-3-HUFAE ZFA|WAEO R 9 F3= A=
A A Atk o= oAU L] At Mol ofFrin =] wiolth

olml Xl oM dFAr a7 FrE A @rk(Takeuchi, 1998;
Kim and Lee, 2004) 101} 7]E8] A7t A4kl n-3 HUFAS &7
ZF ATE AAFHoA don, Kim and Lee(2004)2] 5ol JoiME Alm
W A dEFS 63~65% FELE st 97| WAV} 278= A 4
2 10%(Kim et al, 2002)°] SFZd. 022 Rt = o TAZ AT} &
TE oA

et 2 A |@Ae] B ARl EPASK DHAS 7h7te] 87k

54 BRARA $AE 29 A% (M) A Qe Aoz 4§, &TH,
Az 8 ALEE Sl AgH, AfE gel M, Wg 2 Mg AT
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Table 2. Essential fatty acid requirements (% of dry diet) of fish

Species EFA Larvae & Post larvae Juveniles/ Growers
Freshwater
Common carp* 18:2n-6 and 18:3n-3 1.0
Tilapia*® 18:2n-6 0.5
Rainbow trout* 18:3n-3 | L0
n-3 HUFA DHA essential ? 0.4~0.5

Channel catfish* 18:3n-3 1.0~2.0
Marine

DHA and/or EPA 2.0
Yellowtail** DHA 14~2.6

EPA 3.7

Gilthead sea bream** DHA and/or EPA 1.5~5.5 0.5~1.9
Korean rockfish** EPA or DHA 0.9~1.0
Flounder*** n-3 HUFA 0.8~1.0
Turbot* n-3 HUFA DHA required ? 0.8
Striped jack** DHA 1.6~2.2
Red drum** DHA+EPA 0.3~0.6

*NRC, 1993; **Kaushik, 2004, **Kim and Lee, 2004
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Fig. 1. World production of olive flounder(FAO, 2008).



Table 3. Fish feeds production in Korea(2006~2007)

Species 2006 2007

Freshwater

Eel 4,657 6,952
Rainbow trout 4,243 4,352
Catfish 7,609 11,469
Loach 4,240 2,452
Snail 3,269 5,592
Others 2,395 2,900
Sub-total 26,413 33,717
Marine

Flounder EP 6,684 7,512
Flounder powder 9,904 9,657
Rockfish EP 20,616 13,940
Rockfish powder 446 47
Seabream 5,195 3,871
Shrimp 6,585 5,733
Mullet 15,550 15,111
Gizzard shad 8,563 6,107
Others 733 229
Sub-total 74,276 62,207
Total 100,690 95,924

*Domestic aqua-feeds sale result.
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FFY LY (coconut oil) # DHA(docosahexaenoic acid) 89% & ©]83IH 2
o, g§slEdo g dAEd(dextrin), B7FF(wheat meal) S AHE-3}H T H
gl mugd zE Y2 E o] &t AP FY HIEWH wuES 7o
T3, o] el AFRHIMAEA ZFHFRFo|E 50% 5 AMESAT. AFAF
S AR Y & DHA %2 71522314 DHA 0% S 2723+ DHA 0.5%,
DHA 0.75%, DHA 1.0%, DHA 1.25%, DHA 1.5%, DHA 2.0%, EPA 0.5%+DHA
0.5%, EPA 0.75%+DHA 0.75% 2 EPA 1.0%+DHA 1.0% £ 3} & 107} 2 dA11=
2 299 50%, AW 11.0% 2 FAUA= 168 K /g & A&ste] H st Aot
e AIAEE d5E 8 F AR &FE - ¥R oH, dAZ=

sieve® 12 F &, DH3lo] 20T WEarol] B AFE-359

oAA FHL 2F FALE HAGeH, dFES A7) Ast 244

MS-222 (200ppm) = WFHAIA FAFAE SHsAH. 23
% & (percent weight gain, %), ¥7HEE (specific growth rate,
%/day), T A8 E &(protein efficiency ratio), A5 8 & (feed efficiency,

%) 2 AYEE(survival rate, %) ARG AV 54 FEE A

* Weight gain (WG, %) = (final wt. - initial wt.) x 100 / initial wt.
* Feed efficiency (FE, %) = (wet weight gain / dry feed intake) x 100
* Specific growth rate (SGR, %/day) = (loge final wt. - loge initial wt.) / days

* Protein efficiency ratio (PER) = (wet weight gain / protein intake)
g HEEHY

,11,



O IdHAE 4 - APAES} 4 F2EE evtgy FANR FE3Y &
At AAAE A er, AOAC(Association of Official ~Analytical
Chemists, 2000)"3Holl we} 572 FA7FEAEZH 135 C, 2411, =09 d

< Kjeldahl EA2AFH(N%6.25), Z3|& AHIstgoz B4 A

Metcalfe et al.(1966)%] ¥Rl o3l FA43tth A W4E methylation teries
silica capillary columns 73t gas chromatography(Thermo Finnigan Trace
GGC; Austin, Texas, USA)°ll oJ3] &4t 7l gl o] 7IAl& A4S AHESH L,
detectione FID EEZ AL&3ton BEXNZALS U237 2t} Instrument:
Trace GC gas chromatography, column: quadrex, 30M, bonded carbowax 0.25
mm [.Dx0.25 ¢ film, cat. No.: 007-CW-30-0.25F, injector temperature: 250°C,
Detector temperature: 250 C, flow (gas press): 65 psi. helium, splite: 1:50 =% ¥

AZvtEIR S B4 =2 032 peak sampleol| &3] 413} T

2E 89 FAAHZ= Computer Program Statistix 3:1(Analytical
Software, St. Paul MN. USA)Z E2HEA(ANOVA test)= AAlste] A
O] x}H G (LSD: Least Significant Difference) &= Fi7Fe] #9]4(P<0.05)<
A4t
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Table 4. Composition and proximate analysis of the seven experimental

different diets ( % of dry matter basis)

Diets

Cont. DHAO_5 DHAO_75 DHA1_0 DHA1_25 DHA1_5 DHAz_o

Defatted fish meal' 38.0
Casein’ 215
Dextrin’ 7.5
Wheat meal’ 17.0
Coconut oil* 9.80 9.24 8.96 8.68 8.40 8.12 7.56
DHA’ - 0:56 0.84 1.12 1.40 1.68 2.24
Others® 6.2

Proximately analysis(%, dry matter basis)

Moisture 17.8 15.6 13.4 15.6 15.0 159 18.2
Crude protein 50.3 50.7 50.3 50.2 50.5 50.5 51.5
Crude lipid 13.0 11.4 11.9 11.7 11.9 11.4 11.6
Crude ash 8.07 8.74 8.90 9.03 8.78 8.48 8.94

'Fish meal by Kodika Co:;. Alaska, 'WSA. Defatted: with' chloroform-methanol
mixture (2:1, v/v).

*United State Biochmical, Cleveland, OH44122,-USA.

3Young Nam Flour Mills Co., Busan, Korea.

‘G-Cube E.P.R. Co. Ltd., Seoul, Korea.

5Chemport Inc., Seoul, Korea.

®Others : Vitamin mix., Mineral mix., Cellulose, Choline Cl, Vitamin C & E.

,13,



Table 5. Fatty acids composition of coconut oil, DHA and EPA

Fatty acids Coconut oil DHA EPA
8:0 6.55 - -
10:0 5.84 - -
12:0 48.29 - -
13:0 0.03 - -
14:0 18.90 - -
16:0 9.28 - -
18:0 2.73 - -
24:0 - 3.09 -
YSaturated 91.62 3.09 -
16:1 0.02 - -
18:1n-9 6.74 - -
YMonounsaturated 6.76 - -
18:2n-6 1.61 - 0.52
20:4n-6 - 1.57 5.01
20:5n-3 - 5.93 9447
22:6n-3 - 89.41 -
YPolyunsaturated 1.61 96.91 100.00

,14,
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2
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=
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0.75%, EPA 1.0%, EPA 1.25%, EPA 1.5%, EPA 2.0%, EPA 0.5%+DHA 0.5%, EPA
0.75%+DHA 0.75% = EPA 1.0%+DHA 1.0% £3}o] & 1072 ddrlg =z 2
W 50%, ZAW 11.0% 2 E U= 168 /g = A &3] 713t dch. RE 2

AIEE 985 EFS F FYUAZRY] 4E - AP, YAV sieve=
yEA N F, BEsIe 20T WE Lo Hasie ARSI T
3) oA &3

- A2d 13 <.

4) JEEA

- Ad 13 Y.

5) SAEX
- A2d 13 5.
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Table 6. Composition and proximate analysis of the nine experimental different diets (% of dry matter basis)

Diets

Cont. EPAos EPAo7s  EPAio  EPAi»s  EPAis  EPAyp  EosDos EozsDozs  EioDio

Defatted fish meal' 38.0
Casein’ 21.5
Dextrin’ 7.5
Wheat meal® 17.0
Coconut oil* 9.8 9.27 9.01 8.74 8.48 8.21 7.68 8.75 8.22 7.69
EPA’ - 0.53 0.79 1.06 1.32 1.59 2.12 0.49 0.74 0.99
DHA’ - - S b - - - 0.56 0.84 1.12
Others® 6.2

Proximately analysis(%, dry matter basis)

Moisture 17.8 16.9 14.4 17.6 17.9 17.9 191 16.0 155 18.6
Crude protein 50.3 50.2 49.5 50.3 50.9 50.9 51.6 50.8 50.9 51.6
Crude lipid 111 11.9 11.2 11.4 113 11.1 10.7 11.2 10.8 12.3
Crude ash 8.07 8.52 8.80 8.91 9.00 8:94 9.13 8.55 8.83 8.73

'Fish meal by Kodika Co., Alaska, USA. Defatted with chloroform-methanol mixture (2:1, v/v).
*United State Biochmical, Cleveland, OH44122, USA.
3Young Nam Flour Mills Co., Busan, Korea.
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*G-Cube E.P.R. Co. Ltd., Seoul, Korea.
5Chemport Inc., Seoul, Korea.
®Others : Vitamin mix., Mineral mix., Cellulose, Choline Cl, Vitamin C & E.
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1. DHA 87%F 234 A7

8F T AHFT 919 4 A= Table 791 Uebl ATk SH E(WG)
I AZIFESGR)Y 3lelA DHAE 1.25% % 2.0%E A7kt 353 4
7 dzTel vt oA =& S veEhd 9o H (P<0.05), tET-9}
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Table 7. Weight gain (WG), specific growth rate (SGR), feed efficiency (FE), protein efficiency ratio (PER) and

survival rate(%) of juvenile olive flounder fed the seven experimental different diets for 8 weeks'

Diets” Pooled

Cont. DHAys DHAy 75 DHA DHA 2 DHA; 5 DHA» SEM’
WG(%)* 202" 188° 210 218" 238° 230" 235 4.74
SGR’ 1.83% 1.70¢ 1.90° 1.98" 2.16° 2.08" 2.13° 0.04
FE(%)° 75.7° 72.0° 79.3%¢ 83.4% 89.5° 87.1% 87.9% 1.69
PER’ 1.97% 1.88¢ 2u™ 27 B33 2 " 2.29% 0.04
Survival rate(%) 97.8% 93.3% 4 b 88.9° 100.0° 93.3% 93.3% 1.29
HSI® 1.23 1.13 1.24 1.05 1.24 0.93 1.36 0.05

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different

(P<0.05).

“Control; Coconut oil 100%, DHAgs; Coconut ‘oil 99.5%+DHA “0.5%, DHAy7s; Coconut oil 99.25%+DHA 0.75%, DHA1g;

Coconut oil 99.0%+DHA 1.0%,
Coconut oil 98.0%+DHA 2.0%
*Pooled standard error of mean : SD/+/n.
‘Weight gain (%) : [(final wt.(g) - initial wt.(g)) / initial wt.(g)]-< 100.
[loge (final wt.) - loge (initial wt.)/days] x 100.
(wet weight gain / dry feed intake) x 100.
wet wt. gain / protein intake.

*Specific growth rate :
*Feed efficiency (%) :
"Protein efficiency ratio :

*Hepatosomatic index(HSI): (liver weight /body weight) x 100.

,20,
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Fig. 2. Weight gain(WG, %) of olive flounder fed the different levels of DHA for
8 weeks. Values are means from triplicate groups where the bar heve

different superscript are significantly different (P<0.05).
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Fig. 3. Specific growth rate (SGR) of olive flounder fed the different levels of
DHA for 8 weeks. Values are means from triplicate groups where the bar

heve different superscript are significantly different (P<0.05).
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Fig. 4. Feed efficiency (FE, %) of olive flounder fed the different levels of DHA
for 8 weeks. Values are means from triplicate groups where the bar heve

different superscript are significantly different (P<0.05).
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Fig. 5. Protein efficiency ratio (PER) of olive flounder fed the different levels of
DHA for 8 weeks. Values are means from triplicate groups where the bar

heve different superscript are significantly different (P<0.05).
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dietary DHA levels.
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Fig. 7. Second order polynomial analysis for weight gain (WG, %) base on
the different dietary DHA levels.
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Table 8. Weight gain (WG), specific growth rate (SGR), feed efficiency (FE), protein efficiency ratio (PER) and

survival rate(%) of juvenile olive flounder fed the nine experimental different diets for 8 weeks'

. 2
Diets Pooled
Cont. EPAos EPAoss EPAyg  EPAis  EPAis  EPAso  FEosDos  EozsDoss  EiDig  SEM

WG (%) 1918 217" 242° 2574 306" 271 266% 283° 332° 307 7.78
SGR’ 1.738 1.97' 2.20° 2.33% N 2 46°——2.41% 2.56° 3.00° 2.78° 0.07
FE (%)° 784 881%  98.0% 1037 1240 1093 1082 1140™ = 1343* 1235 318
PER’ 1.89" 213 237% [ 258 Y & O W Vo 3.24° 298 0.08
Survival rate

%) 95.6 933 95.6 97.8 95.6 95.6 93.3 97.8 933 91.1 1.04

(o]
HsI® 1.02 113 1.11 1.31 1.19 5 1.39 0.95 131 1.06 0.05

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different
(P<0.05).

*Control; EPA 0%, EPAgs; Coconut oil 99.5%+EPA 05%, EPAgr; Coconut oil 99.25%+EPA 0.75%, EPA:o; Coconut oil
99.0%+EPA 1.0%, EPAis; Coconut oil 98.75%+EPA 1.25%, EPA15 Coconut 0il-985%+EPA 1.5%, EPA,p; Coconut oil
98.0%+EPA 2.0%, EosDos; Coconut oil 99.0%+EPA 0.5%+DHA 0.5%, Eo7sDo75; Coconut oil 98.5.0%+EPA 0.75%+DHA 0.75%,
Ei10D1o; Coconut oil 98.0%+EPA 1.0%+DHA 1.0%.

*Pooled standard error of mean : SD/+/n.

‘Weight gain (WG, %): [(final wt.(g) - initial wt.(g)) / initial wt.(g)] x 100.
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*Specific growth rate: [loge (final wt.) - loge (initial wt.)/days] x 100.
°Feed efficiency (FE, %): (wet weight gain / dry feed intake) x 100.
"Protein efficiency ratio (PER): wet wt. gain / protein intake.
*Hepatosomatic index (HSI): (liver weight /body weight) x 100.
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Fig. 8. Weight gain (WG, %) of olive flounder fed the different levels of EPA for 8 weeks. Values are means from
triplicate groups where the bar heve different superscript are significantly different (P<0.05).
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Fig. 9. Specific growth rate (SGR) of olive flounder fed the different levels'of EPA for 8 weeks. Values are means from
triplicate groups where the bar heve different superscript are significantly different (P<0.05).
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Fig. 10. Feed efficiency (FE, %) of olive flounder fed the different levels of EPA for.8 weeks. Values are means from

triplicate groups where the bar heve different superscript are significantly different (P<0.05).
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Fig. 11. Protein efficiency ratio (PER) of olive flounder fed the different levels of EPA for 8 weeks. Values are means

from triplicate groups where the bar heve different superscriptare significantly different (’<0.05).
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A3Ad nF
1. DHA 873 473 a7+

2 ¥ A broken line #2417} second order polynimial &4 23} %]
o17] YA AtEW A4 DHA 8732 126%Ht= w=oloF shARh 1.68%
FEoH TET AR A7) 5 FrAte7Ie] ofo glojA 1.4~2.6%
Hgelel lejM e 1.6~22% Hoh 2 S Yoy t79] 1%H b=
=4 UES tH(Watanabe et al., 1989; Izquierdo, 1996; Zheng et al., 1996).
Broken-line #2412 A Qo] F7tE= FTolA AA I 8 FF
Hop gFoA a7 Ha aFFolder HH, o9} WE second
order polynomial &4 Z#¢f o]HE& & 4 WHEUE &L 87%F
o] Hu AXH I FHE YEEE HA Q7% Bue= v E2 3elA g
A E QA A H(Zeitoun et al. 1976). =3+ Artemia 37 DAL o1 7] A
ANX e 3.0~35% FEEG= 4532 & UEH A (Izquierdo et al,
1992; Furuita et al, 1999), Kim & Lee(2004)2] Xii¢] wE EPAS} DHAE
Z33tE n3 HUFAS 272 08~1.0% 43 A=t (Lee et al., 2003)
M9l 7% n3 HUFAS 09% B HLolA 08%Et x4 uehsto
(Kaushik, 2004). ‘g% 2] A% sjitel 254 oFo=2 WFdoFll =
Ju HEEY DHAS HSH 254 7o

Takeuchi(1998)¢] X irof w2 H - 20¢9 HA| oA n-3 HUFAS] Q30|
11~14%°]H, A7l Slojx= DHAE 3% =22 f7grhil His)
o, §X7t 84l wet deAit a7l FAadte eE AR ER
o o F9 7] YEEAdA DHAT AAFMES AW 29} retinogensis ]
TR 98s SRR 27979 4§ DHA 8730] Xoj7] 3 4F7|H
0 =S5 o2 AR 5 o Fth(Takeuchi; 1998).

2 A3elA AlsW DHA o] F7igtel wet oAy Adkee] 5
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2. EPA 8 7% 43 4+

2 A3l A broken line #4213 second order polynimial 2] 23} %]
o}7] YA At2Wl 278 EPA &7 110%E = Folok AW, 1.59% &
oW FEG AL Aoj7] Bl FIApe]7]9] ofel glojM 14~2.6%9F X
7golo SlojA o] 1.6~22% Eoh 2S Fhs Yoy 7Y 1%Eo=
E=A YERS S (Watanabe et al., 1989; Izquierdo, 1996; Zheng et al., 1996),
Artemia &5 TAIR]D A7l GAolA 9 3.0~35% FEEUE 2 @S o
B} st} (Izquierdo et al,, 1992; Furuita et al., 1999).

filo

&A%k Kim and Lee(2004)¢] n-3 HUFAS &7 %91 0.8~1.0% &3 7
=t (Lee et al, 2003)°A2] 5 09% 2 EENA 08%ET =A YES
TH(Kaushik, 2004). {x]9] B-¢-sfite] &4 olFor WFAdoFd A=
ey HERT EPAS HSE 279 A0 AR,

Takeuchi(1998)2] /K.ile| w2 20ge] ‘g2 elA n-3 HUFAS] 8370
1.1~14%3 AR B3-S Udeliglen, #oj7]e] DHAS 3% < Hu=
siokth A DHASH 2ol |A|e] A¢ gshel wet S-AY g7 %ol
Hashe Aem AREHXTE EPAS =2
DHAE 27t 11238t 7t o o5 ALES w4 7ol A 2k
Yel itk 3kA1TE Kim and Lee(2004)9] R 19} ol AkEY] EPA FF9]
AR F S 20T Aol delMe AFE S fadhe A 3

EE, dA 2I3 DHASHS] Blae] lejx= EPAE 713 4357 DHA

Aol AW EPA FEo] 7l wel oAl Aol St
= AR AT F Aen, FEth(Lee et al, 2003)9t HFF
(Kalogeropoulos et al., 1992)°| A ¢] 7% A4l n-3 HUFAZF 23

T A FFo] Haste AFe A &€ F AAW =Y F7lA n3



HUFA @ao] 22 4 % oAl AW §o] Fadths nus fA@

B A% A3l EPAS 9E=0=2 3 AXRYE EPAS DHAS 247t 0.75%

) A7ketel 3@ YTV} EPAS BEOE AW ANt ARED A}
PN
T

FaE0 & AHAs ¢ ARew, xoj7] Hoj(Bell et al, 1995)% &7
(Rodriguez et al., 1997)2] #FAHS &S YeElW AT DHAZF EPAR T 44

ol wamgel Qoid B8 Fad N5 £UT o A=A 49

TH(Mourente et al., 1991; Mourente and Tocher, 1992; Bell et al.,, 1995). 3}

Awk AL EPASH DHAE 717t 28 +2& 2715 eme 440 A}
=

EaEHNNE 539, EAPS DHAES 72474 £3dH =2 39S 454
DHARXRT} EPAE S3H2 Hulsk FRAA A EolL) Algdso] 53
GHS Aetstd, £9 EPASF DHASMS] Al thgk d+7F o5 3

2% Aog Ardch
mebd B 4% 2% Ao 44 delME EPAR vRo2 ARy
YE A9 1.26% BobE Eobok SHAW, 1.68% FEOIA T Ao A

= At
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A 448 S A4 W
A F AP dHoA Al EPAS DHAS AHA Q73S 7
7z} #9213ul EPAS] A% 1.10% HThE =olof A4 1.59% FFo|H 7
6

L
T

£ W
i<}
a
N
%
>
Lo

ol 2 9L MAA @& Ao ArHAt EH PH Az chF

AFE AET A AR Y A5 AASORA B off UA AY

@ ERARE olf WA A5AL FASUT ol WA EPAS

DHASY ALEd 422 JAFo2A of Bzt 58 Ao ARHol
%

=47 AR AFE o8t off HAdo=ZH o) &
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A3 9A AR W A% AR o F WA
AR AT

A1d A= R Py
1. $A9 o A HsY AT
1) 4Yo] AHSB3
HA Roje] dFole Hopg® Fotold FAUTn ARG FSTE ALY
< ol

AVS A2 ubEte] 250 ¢ FE0 A

ZkAlo] 0.8 ¢ /min HEE ZASATE 4 SR 4HA: F
2 XU)stgen, 43971t & (.

Aoz 2 At ATl 9 3241 pptol 3T, §EAL(DO)E
6.3~6.7 mg/ ¢ 2] WAL AR TFFS A
(AE715)2 19 238)(&4 104, &F 44
3t ATt

of!
]IL] i
QE
3R
o
=
i
o
flo
[0¢)
N
)
1t
>

2) 43415 4A

HA Aol AL APAEe] AT RS Table 99l YehARlS
o, A ZAHEE Table 109] e A AsE gudgozs o
i (fish meal), &= F 8" (corn gluten meal), ™74} (soybean meal), A}

(shrimp meal)E A}&3tglor, AAdPoz wAA Aolfr(salmon crude

,40,



oil)2} Al (beef tallow)s Z#]il ©F3t=do g L7FF(wheat meal)s Al
gkt HERS v zZYaHE o] gt AT HIERIA WY
g HUbste] FALewH, o] fo AARHIIAIZA MCP, =9, @AE, 71
A7HA 55 AHEEAT AFAE S oS 100% =23 2T ALRE e s

o 75%+%A] 25%, o1 50%+5A] 50%, &1 25%+-A] 75%, 1-F 25%+FA]

Ll

100%, o1 17%+5-A] 63%+DHA 20% 3 2] 75.9%+DHA 24.1% 2 % 77}A] ]
ALEE 299 53.3%, AW 11.1% 2 FAU A= 162 k/go = A &8t H7}
A sHAl DALE A 9 5t 27 2mm= A &shslom, Al
EaLol] BkshH AE-s .

oAA FHL 2F AR HAden, 4FES S48 95t 244

MS-222 (200ppm) = _rFHA A AAFAE SHsATH 23
& (weight gain, %), ¥XtA &5 (specific growth rate, %/day),
Gl A 3G & (protein efficiency ratio), AFE & & (feed efficiency, %) 2 A

(survival rate, %)& ZAFIAT. 47 S4 FESe] Anae g

4a=

’
fifo

* Weight gain (WG, %) =-(final -wt. - initial wt.) x 100 / initial wt.
* Feed efficiency (FE, %) = (wet weight gain / dry feed intake) x 100
* Specific growth rate (SGR, %/day) = (loge final wt. - loge initial wt.) / days

* Protein efficiency ratio (PER) = (wet weight gain / protein intake)

B
o,
M
M
X

&)
4
2
oX,
M
M
1%
i
o

Atgot Z xR evtEd AR FE5}

Mo
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Ak AAAE A9 e, AOAC(Association of Official Analytical
Chemists, 2000)® el we} -2 FU7FEAZHA35 C, 2413, =d9d

(Brown, 1980)¢ <J3l 3|vwlE A2 E(hematocrit, PCV)E Z73laL, FA
Drabkin’s €95 AM-3le cyan-methemoglobin - **(Sigma Chemical, St.
Louis MO; total hemoglobin procedure No. 525)2% JEI=ZH
(hemoglobin, Hb)& SH& At HAHES] EHS 95t AL 43

FELAE AHA B dPRwe] Y Mo 08T WAF F

rr
o
B
rE
o
frt
I
SN
fd
Q
Q
;—]

(total protein) biuret' &2, =5 312 (glucose)

ir

(glutamic oxaloacetic*. acid)®} GPT(glutamic pyruvic .acid) Reitman-
Frankel'j &2 EXAs}4t}.

@ AAEA - AP AR EA S HojAlodAl F=3 Aol methylationS
Metcalfe et al.(1966)%] *Holl o3l FA413tth A W4E methylation teries
silica capillary columng %33t gas chromatography((Thermo Finnigan Trace
GGC; Austin, Texas, USA)°l 9J&] &4 sAth Al 71A= ZAE AMS3FS A,
e EAxHE ts3 #oh Instrument:

Trace GC gas chromatography, column: quadrex, 30M, bonded carbowax 0.25

ol

detection& FID EEE A&

,42,



mm [.Dx0.25 ¢ film, cat. No.: 007-CW-30-0.25F, injector temperature: 250°C,

Detector temperature: 250C, flow (gas press): 65 psi. helium, splite: 1:50 =& ¥

AZRvtEIH S FA =2 32 peak sampleol] 93l 4135 A T

2E A89 SFAAZ = Computer Program Statistix 3.1(Analytical
Software, St. Paul MN. USA)Z #4HE24(ANOVA test)S AAlste] HAaH

O] x} G (LSD: Least Significant Difference)>2 Fi7Fe] #9]4(P<0.05)<

T o)
AR A,
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Table 9. Composition and proximate analysis of the seven experimental

different diets for olive flounder (% of dry matter basis)

Diets
Cont. BTs  BTsy BT BTio BTeDo BTzs9Dasa

Fish meal' 53.9
Soybean meal' 6.0
Shrimp meal' 5.0
Corn gluten meal' 8.0
Wheat meal' 18.9
Fish oil' 47 25 29 ). 2 0 0.8 0
Beef tallow' 0 1:2 23 35 47 29 35
DHA’ - - - - - 0.9 11
Others’ 3.6
Proximately analysis(%, dry matter basis)
Moisture 960 ., 9.68 WO 74N NS 973 9.51 10.3
Crude protein 53:4 W4 =533 538 53.5 53.4 53.7
Crude lipid 105 104104 7 10.4 10.3 10.4
Crude ash 115 113 113 111 11.3 11.2 114

"Provided by Jeil Feed Co., Haman, Korea.
*Provided by Neomega products Co., Daejeon, Korea.

*Others :

,44,

Vitamin mix., Mineral mix., MCP, Lecithin, Choline, Additive.



Table 10. Fatty acids composition of juvenile olive flounder fed the

experimental diets

Diets
Fatty acids
Cont. BT BTso BTz BTio0o  BTesD2o  BI79D241

14:0 3.1 3.1 3.0 2.9 2.5 2.7 2.5
15:0 0.3 0.3 0.3 0.3 0.2 0.3 0.2
16:0 16.6 179 189 20.8 19.7 184 18.6
17:0 04 0.5 0.5 0.5 0.5 0.5 0.5
18:0 44 5.7 6.7 8.2 8.0 6.9 7.1
20:0 0.2 0.2 0.2 0.2 0.2 0.2 0.2
21:0 0.2 0.1 0.1 0.1 0.1 0.1 0.1
22:0 0.2 0.2 0.1 0.1 0.1 0.1 0.1
23:0 0.2 - 0:2 0.2 0.2 0.2 0.2
24:0 2.8 2.3 2.0 0.8 14 1.7 1.5
Saturates 28.6 30.3 321 34.1 33.0 31.0 31.1
14:1 - 0.1 0.1 0.2 0.2 0.1 0.2
16:1 4.2 4.0 3.7 3.4 3.0 3.2 2.9
18:1 219 24.2 25.7 28.5 28.9 253 25.6
20:1 3.1 2.7 24 2.0 2.1 2.0 1.9
22:1 2.3 1.9 1.8 1.5 1.7 1.6 1.6
MUFA 31.7 33.2 34.0 359 36.2 32.5 32.4
18:2n-6 19.3 19.0 185 18.0 185 174 17.6
18:3n-3 2.3 2.1 2.0 1.8 1.8 1.8 1.8
20:4n-6 0.7 0.7 0.6 0.5 0.6 0.6 0.6
20:5n-3 6.2 5.3 4.6 3.5 3.5 41 3.8
22:6n-3 10.1 8.6 7.4 5.6 5.6 11.7 11.9
n-3 18.7 16.0 13.9 10.8 109 17.7 17.5
n-6 19.3 19.0 185 18.0 185 174 17.6
n-3/n-6

) 1.0 0.8 0.8 0.6 0.6 1.0 1.0
ratio
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Table 11. Fatty acids composition of fish oil and beef tallow(%)

Fatty acids Fish oil(FO) Beef tallow(BT)
8:0 - 0.5
10:0 - 0.2
12:0 0.1 0.3
14:0 5.7 4.2
15:0 0.5 0.3
16:0 15.4 28.1
17:0 0.9 0.6
18:0 4.0 12.2
20:0 0.2 -
YSaturated 26.8 46.4
14:1 0.2 0.8
16:1 74 3.7
17:1 1.0 0.5
18:1n-9 15.2 37.2
18:1n-7 ) 25
20:1 2.2 -
2211 1.0 -
2411 0.4 -
XMonounsaturated 30.6 44.7
16:2 0.3 -
16:3 1.1 0.4
18:2n-6 2.4 7.6
18:3n-3 0.8 -
18:4n-3 1.6 -
20:2n-6 0.3

20:3n-6 0.2 -
20:4n-6 24 -
20:5n-3 10.6 -
22:5n-3 0.6 -
22:5n-3 4.8 -
22:6n-3 13.4 -
YPolyunsaturated 38.8 8.0
Xn-3 31.8 -
Xn-6 5.6 7.6
n-3/n-6 5.68 0.05
EPA/DHA 0.79 -
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2. A9 oF WA e dF
1) 43 Alsad
- A 3% 143 T

2) 43AAE HA
HA Aol A" AFALRS I AR Table 129 YeERARIS
™, Ak 2AEE Table 1391 YERAAT

93 AAANE S dlddoRE=
i (fish meal), &= F 8% (corn gluten meal), T

2

Hh(soybean meal), A}-9-Y

=l

(shrimp meal)E A}83tglor, AAdPoz wAA Aolfr(salmon crude
oil)?} Alfr(checken oil)& 123l ©F3=YU o E D7HF(wheat meal)S A}
g3tk vERI vg ZHd 2K E o] &ste] AR HIERI WY
2 Hrisle]l Fon, o 9o ARHNAEAN MCP, 29, @A E, 7
A7H 55 A& A AR E o HS 100% 28 HEF AL E o=
o) 75%+A 25%, o 50%+A1F 50%, o1 25%+7| - 75%, o5 25%+ A
100%, o1+ 17%+A1 68.6%+DHA 14.4% 2 7] 1 82.8%+DHA17.2% & % 77} A
AR E 2T 53.3%, AW 11.1% R FTAHA= 16.2 k] /g o= A28t &
7tttk AAAE S (F)ASHA GARE o 9 Z 8t A4 2mm=E A X}st o,
A A AL E = 20T o WE e st AHgst

3) A=A
- A 3% 1839 FY.

4) JEEA

-A 3% 143 FY.
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5) SAE4
- A 3% 187 Y.
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Table 12. Composition and proximate analysis of the experimental diets for

olive flounder (% of dry matter basis)

Diets

Cont. POy POsy PO POwn  POessDissa POsrsDizo

Fish meal' 53.9
Soybean meal' 6.0
Shrimp meal' 5.0
Corn gluten meal' 8.0
Wheat meal' 18.9
Fish oil' 47 3.5 23 1.2 - 0.8 -
Poultry oil' - 12 23 35 47 3.2 3.9
DHA® - - - - - 0.7 0.8
Others’ 3.6

Proximately analysis(%, dry matter basis)

Moisture 9.98 9.49 9.61 9.79 9.77 10.3 9.89
Crude protein 555 53.3 53.5 52.5 53.0 53.2 534
Crude lipid 10:5 10.6 11.0 11.6 11.3 11.0 111
Crude ash 11.2 10.8 11.0 11.3 10.9 11.2 11.0

"Provided by Jeil Feed Co., Haman, Korea.
*Provided by Neomega products Co., Daejeon, Korea.
*Others : Vitamin mix., Mineral mix., MCP, Lecithin, Choline, Additive.

,49,



Table 13. Fatty acids composition of juvenile olive flounder fed the

experimental diets

Diets
Fatty acids
Cont. PO  POsy POz POiwo  POgseDiss  POsasDiza

14:0 3.3 3.5 3.0 2.2 2.1 2.3 1.9
15:0 0.3 0.3 0.3 0.2 0.2 0.2 0.2
16:0 16.7 18.6 19.6 19.6 20.9 18.3 18.6
17:0 04 04 04 0.3 0.3 0.3 0.3
18:0 4.3 4.5 4.7 5.0 5.1 4.6 4.7
20:0 0.2 0.3 0.2 0.2 0.2 0.2 0.2
21:0 0.2 0.1 0.1 0.1 0.1 0.1 0.1
22:0 0.2 0.1 0.1 0.1 0.1 0.1 0.1
23:0 0.3 0.2 0.2 0.2 0.1 0.2 0.2
24:0 2.8 22 1.8 1.5 1.2 1.7 14
Saturates 28.7 30.4 30.5 29.7 30.4 28.1 279
14:1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
16:1 42 4.3 4.4 4.4 4.3 4.0 4.0
18:1 21.2 23.2 25.3 27.8 28.9 24.8 26.5
20:1 3.0 2.3 Wi 2.1 1.8 2.0 1.9
22:1 2.2 1.7 1.7 1.7 14 1.7 1.6
MUFA 30.8 319 33.8 36.2 36.7 32.7 34.1
18:2n-6 19.8 20.5 20.8 21.0 21.8 20.1 21.0
18:3n-3 2.3 2.1 2.0 1.9 1.8 1.9 1.8
20:4n-6 0.8 0.7 0.7 0.6 0.6 0.7 0.7
20:5n-3 6.3 5.2 4.4 3.7 3.1 4.2 3.6
22:6n-3 10.3 8.4 7.1 6.1 49 11.6 10.2
n-3 189 15.8 13.5 11.7 9.8 17.6 15.6
n-6 199 20.5 20.8 21.1 21.9 20.2 21.1
n-3/n-6 ratio 0.9 0.8 0.6 0.6 04 0.9 0.7
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Table 14. Fatty acids composition of fish oil and poultry oil

Fatty acids Fish oil(FO) Poultry oil(PO)
8:0 0.4
12:0 -
14:0 1.2
15:0 -
16:0 24.7
17:0 -
18:0 5.6
20:0 -
YSaturated 319
14:1 0.3
16:1 7.0
17:1 -
18:1n-9 38.5
18:1n-7 1.9
20:1 -
22:1 -
24:1 -
YMonounsaturated Same of table 11 47.7
16:2 -
16:3 0.2
18:2n-6 18.7
18:3n-3 0.8
18:4n-3 -
20:2n-6

20:3n-6 -
20:4n-6 -
20:5n-3 -
22:5n-3 -
22:5n-3 -
22:6n-3 -
YPolyunsaturated 19.7
Xn-3 0.8
Xn-6 18.7
n-3/n-6 0.04
EPA/DHA -
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Al24d A%
1. A4 ofF A 71548 47
1) 87337}t
85 FoF A53 dx9 AA A= Table 159 YERAAT. FA E(WG)
A ZESGR)O AAA AFE A 759%+DHA 241%E 3 7tsho
w3 AP dEFo Hlgte] fFY5HA 2 @S YER 2 (P<0.05),
2 759%+DHA 24.1%9 $-A 63%+DHA 20% T-7roll 1olM #F3F zto]
AAh dzZ2Fdd Qe oAfFE A 75.9%+DHA 241%E FH7}st
73 APTFE AT AP 7ol FYgg Aolrh gl TS ol FE F
] 75.9%+DHA 241%S #H7lste] F3F3 Ad37t o35 oA 25%, 50%,
75% 2 100% iAol AAA Fost kol 7h AATHP<0.05). ALE & & (FE)
7 Gl A AEE E(PER)O oA o HE FEEE diA AP o]
= 593 2ozt glloy, A 75.9%+DHA 24.1% 79 AolME Tl
Hlste] FoJ3hAl =2 S UERITH(P<0.05). A AR 7|7 AEE U]
A AEE] 93.3~100% =2 F-2) 3 o] 7} lSith

oo M

OH

N

2

85 FF AMEE WA LA A= Table 1691 YEtHAh A8 3
nEIZEFX(PCV)Sl oAl AFE FARE 50% F 75% At 3+
AP ETE vt Foet Al Ee gs JEW A e ™(P<0.05), +AE
63%+DHA 20%E WA AP F7H T Hletod FosiA He ds
B ATHP<0.05). A¥ A FTAEFRBCO)S | ZZFHW(Hb) 3o 2o
TAE 75% WA FFTF APV T vlste Fo5A =& @S
UER) oW (P<0.05), A2 68.6%+DHA 144%79 A= 828%+DHA
172%E At T3 477 dzTol viste] FosiA @ gs o

rSL‘

A W

EFU) A TH(P<0.05). W GOTell A 2] 100% thAstd T3 AP
7F AR 50% S At FF3E vlo] Blste] {olA =& S YER
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o1 (P<0.05), E&Foe AQojAe AAFFI Fog Aol7b A E
AU S FIZ 2 (glucose)oll AoAA $AE 25% At F5s AF 77 o

ATl Hlgtd fFostA e @S UrEMOigﬂﬂ(ROO) oAHE 25%
Aste] A 25%F FArlst] FF¢ AFFE A AP AT AAA
93 2ol7t g1tk W GPT, Cholestrol, HDL, LDL % Total
protein®] 1o1A AAFF o] FoJg Aozt AT EHW GPToIA 3o
A 1.67~3.00 IU/L < YepfAch 4 Z 22H E(cholestrol) 4=3] o]l
AIM = 169~193 mg/dL Atk AW HDLA olHe AQdd 71t Q)
o] A 20.7~26.3 mg/dL, @& LDLe| AolA 10.3~24.3 mg/dL FF°] ATt
AU T A (total protein) Fol] AoIA = 2.90~3.13 g/dLo] AT

i

N

= o] + Table 17°] YEMY
Aok AAFAzE QM FE, 2o, AF L 237 lejA] fogt
ztol7b Y. SR gHEHe 784~751%, =@ SHFE AEI|Fo=
234~254% B ZAW IS 479~5.65% TEO
NAM = 4.61~5.14% ko] A

?z
o
ke
ot
BN
o
e
o
ot
2

4) AAA A4 =24 4

8F B AHSE g9 oAl A st =4 B4 AP Table 189 e}
ek Z23AaE el Aol ARGzt FAH R fojg Aolrt
fnem, 31.7~33.7% FE= HYEtHAH. stAN oA o] st e EX
A atel A9 2T $AE FEEZ g APqRg fosiA v
< e YEHATH(P<0.05). 1%
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o] X 20:5n-3 FF3F HlS:

T, oFE AR FEEE gAF 25%, 50%, 75%, 100% T HlE] ¢
Al =2 #S YER A2 (P<0.05), +A 75.9%+DHA 24.1% 79+ 9§
zol7b ATk n-3 AEAbe] QlojA o fE AR FEEHE dAEFE F
Fo] gadtgon, xTo A 63%+DHA20% T+ L $A 75.9%+DHA
241% 7 oA Frol gk Aozt gldTh

3 AgFS HYPgoyt A 63%+DHA20%T-7F =

5) 2] A =4 £

A ®2 An= Table 199 e

o EZ3PA| A ghaFel] 9lof Aoz fFo3t ztol7F gl
omw, 289~305% TS UEIUATE SEARE o] FA3tel 3ty A= EESHA]
kel g ojA dixdl Hlste $AE 75% 2 100% tAg 77t

_?_
FosiAl =2 S JHERAT(P<0.05). 1= E¥ 3 AW4kn-3' HUFA)S
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Table 15. Weight gain (WG), specific growth rate (SGR), feed efficiency (FE), protein efficiency ratio (PER) and

survival rate(%) of juvenile olive flounder fed the seven experimental different diets for 8 weeks'

Diets’ Pooled

Cont. BT BTso BTz BTa00 BTe3Dao BT79D241 SEM’

WG (%) 340> 331¢ 336" 343 346" 349 358" 211
SGR’ 3.08™¢ 3.00¢ 3.05 g 14" Bk 316 3.24° 0.02
FE (%)° 106" 107° 11" 112°° 108" o 117° 1.26
PER’ 3.31° 3.36" 3,527 3.50°" 3.38% 3.52% 3.68° 0.04
Survival rate (%) 93.3 93.3 97.8 97.8 97.8 95.6 100 0.99

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different
(P<0.05).

’Cont.; Fish oil 100%, BT.s; Fish oil 75%+Beef" tallow 25%, BTsy; Fish oil 50%+Beef tallow 50%, BTs; Fish oil 25%+Beef
tallow 75%, BTio0; Beef tallow 100%, BT¢Dag; Fish 0il 17%+Beef tallow 63%+DHA 20%, BT759D24; Beef tallow 75.9%+ DHA
24.1%.

*Pooled standard error of mean : SD/+/n.

‘Weight gain (%) : [(final wt.(g) - initial wt.(g)) / initial wt(g)] < 100.

*Specific growth rate : [loge (final wt.) - loge (initial wt.)/days] < 100

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

"Protein efficiency ratio : wet wt. gain / protein intake.

,55,



Table 16. Serological characteristics of juvenile olive flounder fed the experimental different diets for 8 weeks'

Diets” Pooled

Cont. BTas BTso BT7s BTiwo  BTsDu BT759D241 SEM’
pCV* 22.3¢ 21.7° 25.2° 34.0° 22.0° 17.9¢ 19.4% 1.13
RBC® 2.75° 2.77° 2.84° 347° 2.61% 2.12¢ 2.32% 0.10
Hb° 11.7% 11.4% 12.3° 15.3° 10.7°¢ 9.3° 9.7% 0.43
GOT’ 40.7°° 21.5° 48.7°° 39.7° 56.0° 44.7%° 38.7% 3.51
GPT® 3.00 2.50 1.67 2.33 2.67 1.67 2.00 0.28
Cholestrol’ 188 166 187 182 193 169 172 4.75
Glucose" 12.0° 9.0° 13.0° 13.7° 13.0° 13.3° 15.0° 0.48
HDL" 26.3 21.5 26.0 26.0 240 253 20.7 0.76
LDL" 243 16.5 19.0 17.3 22.0 10.3 2.3 2.64
Total protein™ 3.07 3.10 3.13 2193 3.17 3.00 2.90 0.04

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different
(P<0.05).

*Cont.; Fish oil 100%, BT.s; Fish oil 75%+Beef tallow 25%, BTs; Fish oil 50%+Beef tallow 50%, BTs; Fish oil 25%+Beef
tallow 75%, BTigy; Beef tallow 100%, BTgDag Fish oil 17%+Beef tallow 63%+DHA 20%, BT7s59D.41; Beef tallow 75.9%+
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DHA 24.1%.
*Pooled standard error of mean : SD/+/n.

‘PCV (%) = Haematocrit.
°RBC (g/dL) = Red blood cell.
°Hb (g/dL) = Hemoglobin.

‘GOT (IU/L) = Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0
umol of L-aspartate per minute at 25°C and pH 74.

SGPT (IU/L) = Glutamic pyruvic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 umol
of L-alanine per minute at 25C and pH 7.4.

’Cholesterol (mg/dL).

“Glucose (mg/dL).

"HDL (mg/dL) = High density lipid.
“LDL (mg/dL) = Low density lipid.
PTotal protein (g/dL).

,57,



Table 17. Whole body composition of juvenile olive flounder fed the experimental diets for 8 weeks (% of dry matter

basis)'
. 2
Diets Pooled
SEM’
Cont. BTos BTso BT7s BT100 BTe3D2o BT759D241
Moisture 73.4 73.9 74.6 737 741 74.2 74.1 0.21
Crude protein 69.8 69.3 71.3 69.7 71.1 68.5 69.0 0.23
Crude lipid 14.7° 15.8° 5005 15.4° 14.3% 13.6" 14.8" 0.14
Crude ash 13.7 13.6 141 13.6 14.0 14.1 13.5 0.06

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different
(P<0.05).
*Cont.,; Fish oil 100%, BT.s; Fish oil 75%+Beef ‘tallow 25%, BTsy; Fish oil 50%+Beef tallow 50%, BTs; Fish oil 25%+Beef

tallow 75%, BTip; Beef tallow 100%, BTegDao; Fish oil. 17%+Beef tallow 63%+DHA.-20%, BT#9D2g1; Beef tallow 75.9%+
DHA 24.1%.

*Pooled standard error of mean : SD/+/n.
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Table 18. Whole body fatty acids composition of juvenile olive flounder fed the experimental diets for 8 weeks'

Diets?
Pooled
SEM®
Cont. BTas BTs0 BTz BT100 BTe3Da2o BT759D241
14:0 3.27° 3.07° 2.92%¢ 2.65 2.60° 2,877 2.494 0.07
15:0 0.36° 0.35° 0.34° 0.31¢ 0.29¢ 0.31° 0.29¢ 0.01
16:0 17.6° 17.9° 18.9% 18.9%° 19.4° 185 18.2% 0.19
17:0 0.37° 0.38" 0.41% 0.38° 0.38%° 0383 0.38% 0.00
18:0 3.82¢ 423 474° 4.95° 5:33° 4.81° 4.92° 0.11
20:0 3.11° 2.87° 2.88% ik 2.48° 250" 2.59° 0.05
21:0 0.68 0.58" 0.50° 0.434 0.38° 0.434 0.37° 0.02
22:0 0.61%° 0.36" 0.37° 0.33" 0.40° 0.87° 0.52° 0.06
23:0 0.25% 0.22° 0973 R0 0.21%° 0.26° 0.14° 0.01
24:0 3.12° 2.71° 2.44° 2.07¢ 1.92° 2.14° 1.89° 0.10
Saturates 33.2% 32.7° 33.7° 32.9° 33.4%° 33.0°° 31.7° 0.21
14:1 0.10 0.10 0.09 0.08 0.08 0.10 0.09 0.00
16:1 454" 4.42° 4.09° 4.02° 3.96" 3.47° 3.85" 0.08
17:1 0.30°° 0.29°° 0.34°° 0.36° 033" 0.27° 0.28% 0.01
18:1 22 .4° 2444 25.9° 28.6° 28.6° 25,1 27.0° 0.48
20:1 0.98° 0.92° 0.95% 0.91° 0.88™ 0.90" 0.84° 0.01

,59,



Table 18. Continued

2

Diets Pooled
SEM®
Cont. BT BTs BTz BTa00 BTe3Dao BT759D241

22:1 0.22 0.17 0.21 0.18 0.19 0.23 0.15 0.01
MUFA 28.54 30.3° 31.6" 34.1° 34.0° 30.1° 32.2° 0.45
18:2n-6 18.6° 18.8° 18.1° 18.3" 18.0° %34 17.34 0.13
18:3n-6 1.89° 1.84° 1.63° 1.66° 1.52" 1.44° 1.51% 0.04
18:3n-3 0.69 0.64° 0.57° 0.56" 0.51° 0.51° 0.52° 0.02
20:2 0.23° 0.15 0.19%¢ 0.16" 0.18%¢ 0.22% 0.13¢ 0.01
20:3 0.83% 0.79° 0.79% 12 0.76 0.83 0.75% 0.01
20:5n-3 5.06% 4.60° 4.04° 3.59" 3.40° 3.78™ 3.41° 0.14
22:2 0.30° 0.25% 0.22° 0.20° 0.11° 0.21° 0.19° 0.01
22:6n-3 10.8™ 9.96 9.06 3 8.02° 12.6° 12.3% 0.43
n-6 20.5% 20.6 19.8% 20.0 19.6° 18.7¢ 18.8¢ 0.16
n-3 16.5° 15.2° 13%> 11.9° 11.9° 16.9° 16.2° 0.49
n-3/n-6 ratio 0.81% 0.74% 0.69% 0.59° 0.61¢ 0.90° 0.86° 0.03

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different

(P<0.05).

*Cont.; Fish oil 100%, BTss; Fish oil 75%+Beef tallow 25%, BTsy; Fish oil 50%+Beef tallow 50%, BTzs;
tallow 75%, BTip; Beef tallow 100%, BTegDao; Fish oil 17%+Beef tallow 63%+DHA 20%, BT79D241;, Beef tallow 75.9%+

DHA 24.1%.

*Pooled standard error of mean : SD/+/n.

,60,

Fish oil 25%+Beef



Table 19. Liver fatty acids composition of juvenile olive flounder fed the experimental diets for 8 weeks'

Diets?
Pooled
SEM®
Cont. BTas BTs0 BTz BT100 BTe3D2o BT759D241
14:0 2.88° 2.67° 2.43° 2.43° 232 2.35 2184 0.05
15:0 0.37° 0.37° 0.34°° 931" 0.30°¢ 0.33% 0.29¢ 0.01
16:0 16.0° 16.6™ 17.2°% 18.0° 18.6° 18R 17.5% 0.24
17:0 0.65 0.66 0.64 0.60 0.62 0.69 0.62 0.01
18:0 2.83° 2.75° 2.89° 3.19%° 3.68° 3.48° 3.25% 0.09
20:0 2.77 2.61 256 2.69 2.66 2.36 239 0.06
21:0 0.67° 0.55° 0.54° 0.44° 0.25° 0.50° 0.48° 0.03
22:0 0.70 0.61 0.62 0.64 0.66 0.54 0.64 0.02
23:0 0.40% 0.37 0.48% 0.35¢ 0.33¢ 0.65° 0.56% 0.03
24:0 2.30° 1.68° 1.57° 1.28" 1.10° 1.43" 1.55° 0.09
Saturates 29.6 28.9 29.3 29.9 30.5 30.5 29.4 0.23
14:1 0.11° 0.11° 0.10% 0.09% 0.08> 0.09°° 0.08° 0.00
16:1 5.70° 5.46° 5.12° 4.71° | ya 4,074 4174 0.14
17:1 0.40°° 0.42° 0.40°° 0.43° 0.40°° 0.33° 0.36™ 0.01
18:1 29,7 31.1% 32.0° 34.2° 34.9° 29.0¢ 31.3"™ 0.49
20:1 1.83° 1.69° 1.68% 1.68%° 1.60° 1.70° 1.66" 0.02
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Table 19. Continued

. 2

Diets Pooled

Cont. BT BTso BTy BTio00 BTe3Doo BT75.9D241 SEM®
22:1 0.46 0.43 0.42 0.37 0.39 0.39 0.39 0.01
MUFA 38.2° 39.2" 39.7°% 41.4% 41.8* 35.6 37.9° 0.50
18:2n-6 19.6 20.8 20.4 19.8 19.8 21.0 19.9 0.18
18:3n-6 1.41° 1.37° 1.25% 0.98° 1.14™ 1.13" 0.04
18:3n-3 0.44° 0.37%° 0.33% 0.32% 0.26° 0.31° 0.33% 0.02
20:2 0.31° 0.31° 0.28" 0.25" 0.22° 0.26" 0.25° 0.01
20:3 0.96" 0.96" 0.98" 0.87° 0.88" 1.24° 1.11% 0.04
20:5n-3 3.27° 3.03% p¥ 2,28 2.04% 2.84% 2.60 0.10
22:2 0.20° 0.09° 0.14 0.11%° 0.04 0.04° 0.08" 0.02
22:6n-3 5.59° 4.61™ 470 3.80° 3.53¢ 7.08° 7.31° 0.34
n-6 21.0 2.2 21.7 20.9 20.8 221 21.0 0.19
n-3 9.30° 8.01™ 7.76™ 6.40° 5.83¢ 10.2° 10.2° 0.41
n-3/n-6 ratio 0.44% 0.36™ 0.36™ 0.31° 0.28° 0:46° 0.49" 0.02

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different

(P<0.05).

*Cont.; Fish oil 100%, BTs; Fish oil 75%+Beef tallow 25%, BTsy; Fish oil 50%+Beef tallow 50%, BTzs;
tallow 75%, BTip; Beef tallow 100%, BTegDao; Fish oil 17%+Beef tallow 63%+DHA 20%, BT79D241;, Beef tallow 75.9%+

DHA 24.1%.

*Pooled standard error of mean : SD/+/n.
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Table 20. Weight gain (WG), specific growth rate (SGR), feed efficiency (FE), protein efficiency ratio (PER) and

survival rate(%) of juvenile olive flounder fed the seven experimental different diets for 8 weeks'

. 2
Diets Pooled
SEM®
Cont. POys POsg POz PO1oo POss.sD14.4 POs28D17.2

WG (%) 340 346° 323 3447 346° 339" 333" 2.48
SGR’ 3.08% 3.14° 2.93° 3.12° 3.14° 3. (yweb 3.02% 0.02
FE (%)° 106 107 108 113 115 110 110 1.30
PER’ 331 3.36 3.38 3.53 3.61 3.45 3.45 0.04
Survival rate (%) 93.3 93.3 97.8 93.3 95.6 95.6 100 1.33

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different

(P<0.05).

’Cont.; FO 100%, POys; Fish oil 75%+poultry oil' 25%, POsg; Fish oil 50%+poultry oil 50%, POz; Fish oil 25%+poultry oil
75%, POiog; poultry oil 100%, POsse+Disg; Fish oil. 17.0%+poultry oil 68.6%+DHA 14.4%, POsys+D172; poultry oil 82.8%+

DHA 17.2%.

*Pooled standard error of mean : SD/+/n.

‘Weight gain (%) : [(final wt.(g) - initial wt.(g)) / initial wt.(g)] >100.
*Specific growth rate : [loge (final wt.) - loge (initial wt.)/days] x 100.
*Feed efficiency (%) :

"Protein efficiency ratio :

(wet weight gain / dry feed intake) x 100.

wet wt. gain / protein intake.

,66,



Table 21. Serological characteristics of juvenile olive flounder fed the experimental diets for 8 weeks'

. 2
Diets Pooled

3

Cont. POgs POsg POys PO10o POss D144 POs28D17.2 SEM

pcv* 22.3° 21.1% 23.7° 18.7° 22.2° 27.7° 19.4™ 0.70
RBC’ 2.75° 257° 2.78° 2372 72k 3.28 2.36" 0.08
Hb° 11.7°° 10.4"™ 11.0°* 9.9° 4.1 12:2° 9.9 0.22
GoT1’ 40.7°° 36.1%° 43.0° 24.0° 33.0°° 24.0° 27.0°° 2.10
GPT® 3.00 2.03 2.00 1.67 233 233 2.00 0.18
Cholestrol’ 188" 156° 157° 163 174 193° 163 4.24
Glucose 12.0° 20.2° omeh 18.3% 18.3% 18.0°° 17.0° 0.35
HDL" 26.3° 25.8° 2780 p.. 29.0% 32.0° 20.3% 0.53
LDL" 243 13.5% 7R 9.7 14.7°% 26.0° 10.3° 1.94
Total protein” 3.07° 2.78% 2.80°° 283 2.67° 2.77° 2.70° 0.03

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different
(P<0.05).
’Cont.; FO 100%, POus; Fish oil 75%+poultry oil 25%, POsy; Fish oil 50%+poultry oil 50%, POzs; Fish oil 25%+poultry oil
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75%, PO1g; poultry oil 100%, POsse+Disg; Fish oil 17.0%+poultry oil 68.6%+DHA 14.4%, POgs+Di7p; poultry oil 82.8%+

DHA 17.2%.
*Pooled standard error of mean : SD/+/n.

‘PCV (%) = Haematocrit.
°RBC (g/dL) = Red blood cell.

°Hb (g/dL) = Hemoglobin.
’GOT (IU/L) = Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0

umol of L-aspartate per minute at 25°C and pH 7.4.
*GPT (IU/L) = Glutamic pyruvic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 pmol

of L-alanine per minute at 25C and pH 7.4.

’Cholesterol (mg/dL).

“Glucose (mg/dL).

"HDL (mg/dL) = High density lipid.
“LDL (mg/dL) = Low density lipid.

PTotal protein (g/dL).
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Table 22. Whole body composition of juvenile olive flounder fed the experimental diets for 8 weeks (% of dry matter

basis)'
!
Diets Pooled
SEM’
Cont. POy POs POy PO1o PO¢g.6D14.4 POsz8D17.2
Moisture 73.4 75.1 74.6 740 74.7 74 .8 73.9 0.17
Crude protein 69.3 64.7 69.3 70.2 694 71.5 71.9 0.51
Crude lipid 14.6 153 16.6 16.0 16.1 14.2 14.6 0.21
Crude ash 13.7 13.9 13.9 14.2 14.3 14.3 14.5 0.06

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different

(P<0.05).

2Cont.; FO 100%, PO,s; Fish oil 75%+poultry oil 25%; POso; Fish oil 50%+poultry oil 50%, POz Fish oil 25%+poultry oil

75%, PO1o; poultry oil 100%, POsse+Diss; Fish oil 17.0%+poultry oil 68.6%+DHA 14.4%,

DHA 17.2%.

*Pooled standard error of mean : SD/+/n.
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Table 23. Whole body fatty acids composition of juvenile olive flounder fed the experimental diets for 8 weeks'

Diets’
1ets Pooled
SEM®
Cont. POss POsg POys PO1oo POss D144 POgz8D17.2
14:0 3.27° 2.86° 2.76™ 2.294 216" 2.46% 2104 0.10
15:0 0.36° 0.33° 0.31¢ 0.27¢ 0.26% 0.29¢ 0.26¢ 0.01
16:0 17.6° 18.1° 19.0°° 19.2° 19.0° 18:35 19.5° 0.16
17:0 0.37° 0.35° 0.33¢ 0.30¢ 0.29° dL7F 0.31¢ 0.01
18:0 3.82° 4.00™® 3.96° 4122 425" 4.07°° 418" 0.04
20:0 3.11° 1.32¢ 2.69° 2445 2.28° 2.61% 245" 0.07
21:0 0.68 0.58° 0.49° 0.384 0.374 0.40¢ 0.30° 0.03
22:0 0.61%° 0.37° i, S 0.46° 0.78% 1.34° 0.63% 0.10
23:0 0.25 - 0.21 0.19 0.19 0.22 0.16 0.02
24:0 3.12° 2.71° 305 1.88¢ 1.99¢ 1,934 1.63° 0.11
Saturates 33.2 32.1 32.7 31.6 31.5 31.9 32.9 0.26
14:1 0.10° 0.09%° 0.08" 0.07° 0.06" 0.08" 0.06° 0.00
16:1 4.54¢ 4.95% 457 514° 498" 4.43° 4.75% 0.06
17:1 0.30° 0.20° 0.27° 0.15" 0.12° 0.26°° 0.21°% 0.02
18:1 2244 25.2° 25.9% 27.7° 26.9%° 26.0 27.3% 0.40
20:1 0.98° 217° 0.93° 0.89" 0.92° 0.86° 0.84° 0.01
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Table 23. Continued

. 2

Diets Pooled

3
Cont. POys POsg POys PO10o POss D144 POgy8D17.2 SEM
22:1 0.22 0.19 0.22 0.18 0.21 0.27 0.20 0.02
MUFA 28.54 31.5° 31.9™ 34.1%° 33.1° 31.9 34.7° 0.49
18:2n-6 18.6 18.3¢ 19.6™ yI Wik 20.6% 18.5% 19.5™ 0.22
18:3n-6 1.89° 0.55" 1.66° 1.55" 1.55™¢ 1.46% 1.38¢ 0.04
18:3n-3 0.69" 1.30° 0.57° 0.47° 0.46° 0.49° 0.40¢ 0.02
20:2 0.23° 0.61° 0.20° 0.15° 0.18° 0.20° 0.16° 0.02
20:3 0.83 0.85 0.75 0.78 0.89 0.77 0.75 0.02
20:5n-3 5.06% 455" 3.88° R 3.50° 3.38% 291° 0.16
22:2 0.30° 0.24° Q28" 017 0.17¢ 0.18° 0.16° 0.01
22:6n-3 10.8%° 10.2°° 8.49° 7.49° 7.97° 11.2° 9.87° 0.32
n-6 20.5° 19.9° 1 gy y. N 2200 20.0° 20.4° 0.23
n-3 16.5° 15.4°° 12.9™ 11.3° 11.9° 15.1°° 11.0° 0.14
n-3/n-6 ratio 0.81° 0.77° 0.61° 0.51° 0.54° 0.76° 0.54° 0.03

'Values are means of triplicate groups, and values in“the same row -with different supetscripts are significantly different
(P<0.05).

*Cont.; FO 100%, POs; Fish oil 75%+poultry oil 25%, POsy; Fish oil 50%+poultry oil 50%, POz; Fish oil 25%+poultry oil
75%, POuoo; poultry oil 100%, POese+Diss; Fish oil 17.0%+poultry oil 68.6%+DHA 14.4%, POsys+Di7o; poultry oil 82.8%+
DHA 17.2%.

*Pooled standard error of mean : SD/+/n.
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Table 24. Liver fatty acid profiles composition of juvenile olive flounder fed the experimental diets for 8 weeks'

Diets?
Pooled
SEM®
Cont. POgs POsg POz POq0o POss.sD144 POgy8D17.2
14:0 2.88° 2.30° 2.44° 2.00c 1.84 1.73¢ 1.51° 0.10
15:0 0.37° 0.33° 0.32" 0.28% 0.26" 0.27¢ 0.27¢ 0.01
16:0 16.0° 16.6° 17.7° 18.0° 17.9%° 16.9%° 18.52° 0.26
17:0 0.65% 0.63% 0.70° 0.64%° 0.57° 0.61% 0.60° 0.01
18:0 2.83% 2.69° ¥sd 3.1438 2.97%° 316 3.28 0.07
20:0 2.77% 1.20¢ 3.10° ok 2.72° 2.38° 2.08° 0.08
21:0 0.67 0.67 0.44 0.54 0.41 0.65 0.49 0.04
22:0 0.70° 0.69° 0.85° 0.69° 0.69° 0.62° 0.50° 0.02
23:0 0.40° 0.47% 0.81™ 0.67° 0.52%¢ 1.05° 0.89° 0.05
24:0 2.30° 2.20° 157" 1.26% 0.90° 1.62° 1.06° 0.12
Saturates 29.6 31.2 30.1 30.1 29.6 290 29.2 0.32
14:1 0.11° 0.10° 0.10° 0.08° 0.07° 0.07 0.07° 0.00
16:1 5.70° 5.11¢ 5.08% 5.42%¢ 6.26° 4,98 4.66¢ 0.12
17:1 0.40° 0.37° 0.26" 0.25° 0.24° 0.24° 0.22° 0.02
18:1 297" 28.0 294" 30.6° 32.9° 27.3° 28.7™ 0.45
20:1 1.83 2.78° 1.23° 2.12% 2.06™ 2.00% 1.71¢ 0.05
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Table 24. Continued

Diets’ Pooled

Cont. POys POs POy PO1o PO¢g.6D14.4 POsz8D17.2 SEM’
22:1 0.46° 0.47° 0.58° 0.54° 0.50° 0.50° 0.27° 0.03
MUFA 36.3 37.7 39.0 39.0 39.7 35.1 35.7 0.58
18:2n-6 19.6° 22.2° 20.8° WA ¥ = 20.3™ 21.5% 0.24
18:3n-6 1.41° 0.47° 0.96" 0.96" 0.92° 1.08" 1.06" 0.05
18:3n-3 0.44°° 1.04° 0.08° 0.15™ 0.18" 08 0.15™ 0.03
20:2 0.31° 1.64° 0.28" 0.18° 0.24™ 0.28" 0.25" 0.02
20:3 0.96" 0.59° 115® 1.05" 0.86" 1.28° 1.34° 0.04
20:5n-3 3.27° 3.22° 2.50™ 2.24° 1.74¢ 3.11° 2.62b 0.12
22:2 0.20° 0.18" 0.05 0.06" 0.04° - 0.07° 0.02
22:6n-3 5.59° 5.38° 5.32° 4.89° 3.35¢ 9.59% 8.17° 0.46
n-6 23.6° 21.8% 00 48 . i 22.3% 21.4° 22.5% 0.23
n-3 8.90" 7.90° 7:28° 7.28° 7.03° 12.9° 11.0%" 0.53
n-3/n-6 ratio 0.38" 0.36™ 0.33¢ 0.33° 0.32° 0.61° 0.49% 0.03

'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different
(P<0.05).

’Cont.; FO 100%, POys; Fish oil 75%+poultry oil 25%, POsy; Fish oil 50%+poultry oil 50%, POz; Fish oil 25%+poultry oil
75%, PO1g; poultry oil 100%, POsse+Disg; Fish oil 17.0%+poultry oil 68.6%+DHA 14.4%, POgs+Di7p; poultry oil 82.8%+
DHA 17.2%.

*Pooled standard error of mean : SD/+/n.
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A 34d uF

1 $R9 o% A s AT

Ael7] GA el lolX EPAS] &7 110% Ete Eobok AT
159% F=old FET Ao, DHA 7% 1.26% HU+= Eolof 3}y,
1.68% FolH FEY Aoz, E AF AlEY EPA® DHAY
117~220% 4702 EPASH DHA®] 7t7te] @ 78 SFo] Lst:
2 AAFAY B A¥gds g2 Az W oES 539% =& HUisted AL
€& B¢ 4FE doA ofFE AR 100%7HA WA 7 A e &
T AATH o9} AF-&3tAl Sea bassoll YolA oJEE 50% FELE AL
A AL} AFE 50%7HA dA7E 7hsste sk = El(Xue et al, 2006), 'd

1 ol®t 5% Z274E &< & + AT Lagremouth bassol 4]
T 30% T2 3dS B AfE offE 100% A7} 7Feds
T A} (Subhadra et al., 2006). 3}A| 5k Largemouth bass®] 2% ©5
ToE B A9 dX %= EF Aol hE #AE X RY B
T ofF FFNAXE 100% wHA7F 7t AR AR H NG, K
39 Aol FAtetAl FAN Folel AAGoo] oM E EA¢ $AE
23 4% oF A AT & F Adth(Hertrampf and Piedad-Pascual,

2

rlo

ﬂd
e 4 2 e

o)

2000; Turchini et al., 2003). 1 < -FX]7}<%0], Dej(Takeuchi et al., 1978),
2l ) 7] (Fracalossi and Lovell, 1994), red-sea bream(Glencross et al., 2003),
34 Aol (Luzzana et al, 2003)9l $1ojA offeot FEAHFA A, =A
2 AR AtEW 23E AS A &35 Fohal RStk ES coho
salmon(Dosanjh et al., 1984), chinook salmon(Dosanjh et al., 1988), rainbow
trout(Greene and Selivonchick, 1990), brown trout(Turchini et al., 2003),

brook charr(Guillou et al., 1995) 3 4] <A o] (Rosenlund et al., 2001)°l 1
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AM A FAFE AFE F2F Ev & A7 7hssitt kA =
st A5 ofE FFS 46% T2 AHETE 7 $ Sharpsnout seabreamol] $)
AX oFE 100% = WA 7153t ™ (Piedecausa et al, 2007), 3 turbo
o AAME oS 50% FToE st FFe ofrIFE 3hE FF St
I GA] o f 2 Agete] FESAS AT ol ofghe] A Abolw Bt
39 2 (Regost et al, 2003), Murray coddll o] ¥FS 10% FFo= 3}
o ofE AT Ao oludFE 100%Z WA7F 7He 3 t(Francis
et al, 2006). 7L €] frA]fr(canola oil)E o]f WA YSZ red sea breamol
Ao s 50% TR AT BF ofE 100% WAZE 7heskith
(Huang et al., 2007). 329k Sea bass(Xue et al., 2006)°] oA = oS
50 FEo 2t =4, A, 7kEH , HefF R SFEFFE o] &sto ofF
£ tAstd oY ARE 50%TE7AT WAZE Thsskth 5351, 24
AHEE A9 Aol oM e ol YESHA A Aol A Akt &
HEoEMN offfol MBte THA o] A S AT offrol HSt o
2 71A oS kAR AT g Ak o]F X ofF ol Slojx D A4t
a7F 53], sfittele 4% EPASH DHAS| Q7 &0] jrHH oA Antd o]
F Al #h8E AF= F oldwol IS [ ASE AR ET AT ol FE
& A B9 HojA 1h A 9] n-3 HUFASI EPA®L'DHA %

HN

ol

o,
ol

gt B A¥o AxE E R 53.9% o] oS A8 AL
$AE gFojalg o] off tADCZ 100%7HA At

o] 7bs&¥ Ao=w AtgEHOAY, 2§ W EPAS DHA $e] $AE
U2 I7/MESFE fadste FES Aoy, off giile] A5 5%
% [e)

4 R 2H AP 240 2 9FS AHNA B

op

M

S

T o
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2. AF4 ofF WA 7158 a7
2171 dAlel oA EPAS] SFHL 110%HUT= Folok AT
159% o] FET ZAolw, DHA Q7L 1.26% KTt Eolof dhx|ut
1.68% FFolW FEI AHomw R A3 Algu EPAS DHAY
117~220% FFO 2 EPAS} DHAS] 7ztzte] Q& 3o EgE«=
2 AAFENAY B A48 dA AR W o8-S 53.9% TS HUlske AL
£ A BFEA QA oFE FAZ 100%7HA WA7}F 7hsA TS &
T AU o]9} 4SSl Sea bassol] oJA oJEES 50% FTOE JIAS
AE A9 AFE 50%7HA A7 s skt 3T (Xue et al., 2006), |
ol A

Ao A olBHtt g AAE F T 4 UUTH Lagremouth bassoll Al o]
TS 30% STl FAS A AFE ofE 100% WAV TteEs &
A AH(Subhadra et al., 2006). 3}A Tt Largemouth bass®] 72§ H o]
ToE B A3 "HASE 5 Aol e AR A HE e
T o FHFAAZ 100% WA7F 7Hes A= AlRHA AT I E
AR A} FAEH FAN Fo19F ZAEo o AANE =X A E o]
23 4% oF A s ES E F Adth(Hertrampf and Piedad-Pascual,

2000; Turchini et al, 2003). =1 9} . FX|7)50], & o(Takeuchi et al., 1978),
2kl v 7] (Fracalossi and. Lovell, 1994), red sea bream(Glencross et al., 2003),
T34 Aol (Luzzana et al, 2003) lofAlroffel FEAH /A ¢4, =A
L AF7F AR 23E B A ZHE Foa Basth =3 coho
salmon(Dosanjh et al., 1984), chinook salmon(Dosanjh et al., 1988), rainbow
trout(Greene and Selivonchick, 1990), brown trout(Turchini et al., 2003),
brook charr(Guillou et al., 1995) ¥ t]X] < o{(Rosenlund et al., 2001)° )
oAXM Afrt FAFE AFE FE48 £ & gAVL 7Heett st =

sk A8 ofE FFS 46% TS AHETE 7 $ Sharpsnout seabreamol] $)



oA &= 100% = T 7}%3}2&2Eﬂ(Piedecausa et al, 2007), 3} turbo

oA QOIME oS 50% FEOL o] YFA opviIfE Y T
3T o f 2 ABetel FHHALS BF ol fsh el APl melnh

(Regost et al., 2003). T3k, Murray codol o} TS 10% S22 3
FE AT AfolEs olvldFE 100%Z HA7F 7Fe 3t th(Francis et
al., 2006). 1 9] frAlfr(canola oil)E ©fr WA LS Z red sea breamol| U
AN oEE S0%FToR AT BF ofFE 100% WA 7heshh
(Huang et al, 2007). 3FA|%F Sea bass(Xue et al., 2006)°] UoJX = oJ&&
50 FEo2st =4, A, 7laf, W 2 SFFRE o185t oF
£ tAstd oY oARE 50%FE=7HAT WAZE stk 53], EAPA
AHEE Al Aol oM Fhdoll ESH A F-ATe A Aitete] F
B2 offfol Mt VAol A3 S AT offol HIst o
2 7FA] o]HE JHA A AT = Unk o] = ojFol oA A AL
Q7% 53], datold %9 EPASt DHA®S Qo] ol ot of
Z olEleol 1S e E AR ET. SHAT ol FE

A 7H A 9] n-3 HUFAQl EPAS} DHA =&

=

=
i_tg
et
o,
o
2L
2

Heby B Ao AnE BEGZ 539% o4 o]Bg AEE A% A

FEo oA TEZAFI AFE FAAEY offF dALSZ 100%7+A
AHEol 7HesE Ao R AR HAAY, 25 Ul EPASL DHA 3] AfFE
FTHE IVMNESFE FAde FES Acsod, off uiild AfE
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A4 oF dA BE BAFH 7M1 B}

A1dEH U A3

offrE A H AFZ oA we FAH kA Brke AAe £
BAA 7HA B7E DA Sl SRR off, ¢4 B Al 7}
A& g M, tEgos I dojits AdFS Rlstolol A
7H e g9 & & duh mEkA S kol 8 wigAbE 2007 AR
A F AAF AR B HAARE HAoE SF3ler(Table 3), ©l,
A B AR A lolE A4z AFE HEshs Akl Zolsk] 7t
A= Flstith(Table 25). ¢4 off 2 A9 B¢ FHE(Carill
agripurina, Korea)© 2 3-8 ojata] AAs o, A fo 74 1dntole
¥l (Green by tech, Korea)> 2 7B 7145 2008 124 7] &ste] A4

Jo
il

7FAE ¥ 7Fst S th(Personal communication). 8 o] AlE Ul o] A}
SF2 Tl wet 2y Xe|rHE ARA7IZAAS AA-s st A
FolAtE S 10%E o AH&FSR 7hA5te] AAsEA T
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Table 25. Prices of fish oil, beef tallow and poultry oil(won/kg)

Oil sources Price(kg/won) Remarks
Fish oil 1,900 Carill agripurina
Beef tallow 1,100 Carill agripurina
Poultry 1,300 Green by tech
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At s AARRS VlEoZste] Zh2E 25%, 50%, 75% 2 100%

g Aoz Mg A, olF FARE AN =t ugo

o] whIE (%) 200795 FolAtR A TIE Al o= 100% AT
3% 19009 /kgo2 SiM kgF A R ARE FEEEZ A Al ofFAAL
A7FAM $-A B AFE A Al mE AAAVEE v fkell 100€ w s

O 1002E&2 FAHE oY rhE&S Tkt
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A 3d A7

oAftE A R AFE FEE A OE Fojrts AA 2 GAEPA
25 WAL s, AAA ol B o9 vlzl&& Table 29 3 30°] e
WAT. |3 EPALERES o2 AAD B4 offE FAE 25% WAHA
150,240,000, 50%A] 300,480,0009, 75%A]1 450,720,0009 % 100%A] =

L)

o

600,960,0009 ] ©]E& AFY BF 25% WA 112,680,000, 50%A]
225,360,000, 75%A] 338,040,000 = 100%A]ell= 450,720,000 2] °]elS

2 5 92 Aor 2AHUAL oFE $AR WA oY npRge 7 5

o=
H

o

02
S

>

e AAE HoE @ 3% ofE $AZ sEEe

[«)
o
o
(o
|
Q1
R
>,

oje] FHL  25%A] 1,918,480,000¢), 50%A1 3,836,960,

rlo
N
N

5,755,440,0009 2 100%Al ¢l & 7,673,920,0009.0. 2 ©o]9] n}xl&
2 105%, 21.1%, 31.6% 2 421%= ©]¢] vlS & F e} =3I
AFE FoEE QAT B59 ol Fd2 25%A] 1,438,860,000¢, 50%A]
2,877,720,0008, 75%*] 4,316,580,00090 = 100%Al°lE 5,755,440,000¢ 0.2
TRHZ 79%, 15.8%, 23.7% 2 31.6%=Z °]2] wHs ¥
&2 Y& EPALR 9 wiRl& SYEih

ARz A5 Af Fol ol ANeZ ARG Heot $A7 A

o

o,

o

=

N,
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Table 26

. The efficiency and profit margin in olive flounder feed

25% 50% 75% 100%
Total profit
150,240 300,480 450,720 600,960
Beef (thousand won)1
Profit
tallow i 105 211 316 421
margin (%)
Total profit
112,680 225,360 338,040 450,720
Poultry (thousand won)1
. Profit
oil 7.9 15.8 237 31.6

margin (%)

'Total profit (thousand won) = Total revenue - Total production cost.

*Profit margin (%) = Total profit / Total production cost-x 100.
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Table 27

. The efficiency and

profit margin in total fish feeds

25% 50% 75% 100%
Total profit
1,918,480 3,836,960 5,755,440 7,673,920
Beef (thousand won)1
Profit
tallow i 105 211 316 421
margin (%)
Total profit
1,438,860 2,877,720 4,316,580 5,755,440
Poultry (thousand won)1
. Profit
oil 7.9 15.8 237 31.6

margin (%)

'Total profit (thousand won) = Total revenue - Total production cost.

*Profit margin (%) = Total profit / Total production cost x 100.
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A 43 nF
B AT BAAH 7HA Bl AAA AfE A 2 AFE AT A
T BAE AAME F EFR TELARE AR Tl 589%dd A F
= 100% A7} 7hsd Ae® AlgHo M. 4 AH}E EUE s
3] AR 7HA Y] S st AASThE, dA] EP AFR A9 off o

A 0]&T A% o 699AHE B AFE o]&Alo 49530 H=

_?‘ = o = | T 270
o] 71AE AE & AS AoH, FoJAlE AAE e wE & F Af
2 100% AT Aol < 5796w 2 X2 100% WAL A e

oF 760l7AWAS Bk T 5 U Ao Arzoldnh BF oY vas

ol = AFE 100% A Al 31.6% L A= 100% tha] Al 421%= Aef

4

& Je Aotk ARt @3] AFES TS 7HAAL off HAE A
& A5 oA 25 W AR 2489 SlolA EPASH DHA 3@l 5243 7
a3k, Xoj7)dl =ghste] MG 7)dl Frk e AL AAAL] dES
W 7ldle Felet Agdn. 207]e] Be AZZ7IY ofF An o] of
5%rE o2 UmA 5% ofE 2% d25 HEVIE= Tt AR
Zth(Personal communication). B-&kA] oA 25 U] AF 24 59 23

NE

-
E EgE AAT A ofE 100% A Al B $X AFE 25%
FEA WA B0 7HF ERAY AR AR HOAN, ofnf o] F
B JX EPAFRE AR 19 13Td ~ 1963982, AA wiFAs
S o E 1499~199 902 o]l B ¢ QS AoE A OH, o]
&S 79~105% 22 UEETh o] AdA7|ol AoXY offF oAl A
TE EUZ 3o & 9 FAXHI A2 =EJow A =3 FAF 7}

2]
Al kel QlojM A7 B dAR PSS FE] F o FAA) 2Ee =

Il
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1F

A5FE F

o

1. 9% AtEW DHAS EPA 273 A4 A7

B oA broken line #4]3} second order polynimial 24 23} 2o
7] X A} AA EPA S7%HL 1.10%Et= ool stAul, 1.59% +F
ojtH =13 Ao|n, DHA ST %L 1.26%H T Zolof 1A 1.68% 5=

ol FET RAOFE Aol7] B F7]Apo] 7] wrojo] SlojA 1.40~2.60%7
7gole] dojM 9 1.60~220% Kok W s Ut ou, o9 1.0%E
+ =A YES T (Watanabe et al, 1989; Izquierdo, 1996; Zheng et al.,
1996). =3+ Artemia &5 SAD Aol7] FA M2 3.0~35% FEERT= ¥
T3] @2 #E YE A (Izquierdo et al., 1992; Furuita et al, 1999), Kim
and Lee(2004)¢] ¥ 1o wE EPASL DHAE, Z3élE= n3 HUFAY Q@7
2l 08~1.0% =3 Z=tie](Lee et al, 2003)°142] 3% n3 HUFAZS
0.9% 3 Bl A 08%ET =A HetHth dA8 B-5 siito] 254 oF
o7 WaAdolFd =iy BitEY EPASF DHAS HSH 854 2o
2 AtEH R

B AP Ko7l GAE o2 st AAISHHE Takeuchi(1998)9] X il
of wEw 20g9] |A oA n-3 HUFAS &7 %o] 1.1~14%0°]H, =to]7]o|
AolX = DHAE 3% FTo2 gtk Baste] 7t el wet

A PE Qo] Faste Qo ArHelih

{0

O

EPAS Y=o 7 A1 83 ALHT EPAS DHAS 7Hzt 11238t #7138
W o4& AES uHg A =& e UeAth A9 Kim &
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rok

Hlalo] SlojX= EPAE F7tsk 48771 DHAS 371s 487 Ro €95
44 5avE BT

2 AP Ats Wl EPASE DHA FF°] F7bgel wet oA o A%
ol Tt e AR 0 F ANeH, =t (Lee et al, 2003)¢} =

T+ (Kalogeropoulos et al.,, 1992)d| 4] A9 ZFA%4H] n-3 HUFA7 29
=)
=

g

2 A3 Ax} EPAS @502 3 AHUE EPAS DHAE Z+Zt 0.75%

A Hr7lsle FF3 4P F7F EPAS @502 A3 AlgRY AFES A}

FEE0] B2 AL ¥ F AUk B AP FAEHAL Xo]7] Hof(Bell et

F(Rodriguez et al., 1997)° A UEIET olrt%: DHA”Z} EPA

Boh Aelu deERAe] QoA ey Fa3 Ves FIY AR Als

o st (Mourente et al., 1991; Mourente and Tocher, 1992; Bell et al.,

1995). &A%t A WY EPAS DHAS 247 & FF<S Asde we A

Folu Atg aeWdAM = ¢ e, EAPSE DHAS #H7 =2 3

73-%-dl DHARTE EPAS FEHE H7kgE FdA 44EclU AR

o] P d HE PetettpE, o) EPAS DHASIS] JaaAC] td A

77 H%d 28d Aoz AARHAIM, offf WAl #aAT AT 7=
3}

_1

o

g

T Ay A7l dx9 Hu AZS A= EPAE
126%EH = =olof sHANE 1.68% ol FEE Aolw, DHA= 1.10%

k)
o
Y
re
e

BohE Eolo} AW, 159% FFOIW SR AoE T Qo ARWLh
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294 A2 0 $A% ARY % BA A4 A7

20]7] X o Qo]x EPA LT %S 1.10%HEt}= Zolop x4 1.59%

Frold FEY ZojH, DHA 7% 1.26% Xt Eolok shA|vh, 1.68%
FEold FEE Aoz AFHY B 249 AFEW n-3 HUFA(EPASH

DHA)®] FFo°] 1.17~2.20% TS Z EPAS DHAS Z+7+e] g% F~F9

EFHe FEoE AANYUG X AAR ¥R AR U R 59% F
F2 Wt AET B9 AFE YolA oFE $AZ 100%74A A

N

F 7bsAl 32 & 4 AT ol¢h AFE38HAl Sea bassell oA o &S 50%
Fog 3RS A A AFE 50%7HA dHAZF Jbssitt e
(Xue et al, 2006), @x|ol|A olBT} 3 AHE= g F AT
Lagremouth bassollAl oS 30% FTo=Z 3AS A5 -AFE /&
100% A7} 7bede & 5 A TH(Subhadra et -al, 2006). SFA|RF
Largemouth bass®] 4% & olTo® & Aol Pxeke= D5 A4
o] & WARE PAEY e FEo ol FFelAx= 100% AT} 7hs g
Aow Aotk Et B A AIot FASHA FAVE Folsh ZAF
ool oAM= =Xt FAE o[&& B ofF WA 7sdFES & F A
(Hertrampf and Piedad-Pascual, 2000; Turchini et al., 2003). 71 2] FX|7}&

&
o

ol

o

o], Joj(Takeuchi et al, 1978), =XFdw] 7]|(Fracalossiiand Lovell, 1994), red
sea bream(Glencross et al., 2003), FHA4t W7 o](Luzzana et al., 2003)° )
ofA olfret FEARFY A, =A B AF7E AlRW TdE Ae A

395 Foa Buskdt. 3 coho salmon(Dosanjh et al., 1984), chinook

=

salmon(Dosanjh et al., 1988), rainbow trout(Greene and Selivonchick, 1990),
brown trout(Turchini et al., 2003), brook charr(Guillou et al., 1995) ¥ tA
FAol(Rosenlund et al, 2001)o AoIA Aot FAFZE oJFE FiE3 =
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4 dAZE 7hest stk EE ARRW olE S d6% FES A
&3 7% Sharpsnout seabreamol] SlojA] o-FE 100%= thA 7Fs3tA e

rr

™ (Piedecausa et al., 2007), 23 turbool] UIA = oS 50% FT+2=E 3
of tFfek olmilfE 3AE FFSL A offFE A&t FHIAS
B85 olfrek ofzte] AAApol H AT 8 S m(Regost et al, 2003),
Murray codo] o]& ##FHE 10% T2 st ofFE AL A-fol< of
elf-2 100%2 A7} 7Fe 3l th(Francis et al, 2006). 1 2§+
(canola oil)E of+ WA YOS Z red sea breamd] YA oJES 50%F5TL
2 AT BF AFE 100% HA7F 7Hsst A th(Huang et al., 2007). SFA|RF
Sea bass(Xue et al, 2006)° AAAME= AEE 50%TToE3tY =4, ¢4,
Ve, e B SFFAE oEdte ofE "As oW oFE 50%F
AT A7 s etk ol " st glolX o E S AtsW 7St

A g3 ofr WA B Ae U Brbs @ Yojgh B4 ek ojiol

EgHo e AL it A5 AWASQl EPASH DHAZE ©&F &
so] glomz off &Fe sty Z4 oI s As FEFS 2
FOH o&wE 7ML ofE & FAEARE UAE s AHelt
53] Aol Aol delde Ul eEskA] @il A=olM Birste] T E
gozA offol Hliste] 7t4e] AHE He AAIHHE A A olHS
ZHAA ud F o of®/X ol SholA A At a7 59, ¢
Aroje] 79 EPASH DHAS a7 %ol R =04 vt offy Aol &4
& AF= 2 olgwol s AR ARHY AT oFE TEAFE U
A A9 AAAY 2rel 2] n-3 HUFASl EPA® DHA o] @A H+&

9HE wan,
Hebd 2 Aol e EUE 55.9% o4 olug AeE A 4%

E9 A TEAARFY FA L AFE AR ofF tAYLSE 100%
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AA Agel V@ AoE AR A, ©% U] EPASH DHA %ol A
=

FE FTEHZE STV ZFE A4S FES geksigd, 25%71A = UiA
Stz AR 9 28 W AW 20 2 FEES AR EE AOE AR
#}

3. o tiAlel mE BAFH 71X Hr}

fe

AT AAA 7FA bl oA ofFE A L AFE AT F§
HAE QolNE T EF FEARE olF FFol 539%Uw A 2L A
F2 100% HAZF 7Hs@ Ao AmHoAT. %ol ANE Bl s
Td] Ak 7hA e ARE flgte] AT o2 ARE 100% WA
Aol oF s7oeHTY g A2 100% WAL BSole-F 769717
S A T F dS ASEZ ARFHHY E o]9 uAEdgXE AFE

100% THAIA] 31.6% 2 A= 100% A A 421%2 AT £ JS Aol

SHAIR @ed 4A3ES Ve VIS o EEIE dAI S AR oA 25
o Agar 2400\ sleiM. EPASE DHA &ide]l J43] aste, of &
100% A Al Hob=5-A R AFE 25% oA HAE 7
AL E o2 m, ol "gA] EPALS S Hid o= 1o 11wk ~
, RAA AR E LR 14199l o R oo
& Aoz ZAHGOH, o]drtEL 79-105% &2 UEETh o F 4
710 QoA e olfr tiAl AFE EUE st F o FAHY 2ES

Fgow gt 3 FAH ZFA Hrkel lolM 4R 3 d@F AdS

T
ﬂ.l-lN‘ oL “7‘ - ol

offt ki
ol
L

of o FAHN AL EEFW WYHOE g/} ¥ ¥S A=
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1S ATE Be] ol fE A L AFE A B2 FAH ol
o wgsgon, @4 gAdAe MR olgEol ke Fe mestel
FF AR AES FA L MFARS ATl F/hEThE @A o4
BAA oloje] MAE Qo ARU EY, ¥ ATE YA T A

AGAAT, FF B 2L ddoz olf AE AN A9 B AA

i

olejrths tSt Be AAH ANE AT E A0 ARECh
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o W& A 7HA BrHE Ao
Uxe] A4 Akl EPAS DHAY Z47te] @ 3eks 34elslr] 9)sho
ArEE A2t FEEE 0%, 05%, 0.75%, 1.0%, 1.25%, 1.5% B 2.0% =3}
of Xo7] A& uldoz st wEdoa AR A" A 853 A A
FaAt Zhzhe] g Ak}l Zhzbe] EPASH DHAS| 2%l )

2 A

o
ol

o] A broken line analysis %-second order polynomial analysis 2 ¥} EPAS<]

AL 1.10%°1%, 1.59%F 9 @ FE o], DHAY A% 126% <], 1.68%

gk @ FEojX Y, 3 EPAS DHAS ZZ e 5 05%, 0.75% 2

20%% A7 A @507 AlS-EH+= EPAS DHART 953 A% a3

S AT F Uk

off AL ZN &4 T

Vs glstnAb sk o {3 A} AFE o] &3t

75% B 100% = ste] 2o]7l WA E Y oR2 &t

oA 857t AMS AFS ArstAth AsAls o = AWl EPAS)

DHA?] &S ofF7F 100% L) 220%9 o1, oF= ¢4 2 AFZE 100%

WASFRE A 1.17% FE=7HA Z2eAT o725 $A 2 AF= 5

2 oA g AS iz A AP0 fFoe o] gloerg Qs off
2 100% WAZF /b AoE AR EHAAY oA 25

AAE 24 5L 1HITHE ©@3] 100% WA RTE 25%FToA ol RS

()

o5 W AR 240 FFE 7AA e Ae=m

,91,



]

° X

A A 5

o

i

oH, @A EP AR A 9] o

il

9
i

]

2 A

s

©

N9 A I

=
L

o

o}
25% w7 WAE A7 7B s d A2 AFRHAIH, ol o

Jo} &S 79~105% S = EFSTH

=

& 93 EpA}

]

(o]

7

™

FAIEE Yo E 149d~199 8oz 9]¢

1o1A EPAS} DHA g0l

Ao ArH oA H,

el

EPAS} DHA®| 21719 g7

gkl

]

T X

By

_’_EL

webd, 2

o
o=

Aog2 AtEHoAIY, HojA

1

kel
=

100%7+A A7} 7V

=

=

244 of f

el 7}

L
T

].

o

o= 25% A

B

o}

Tor

B
]

Hlo

o=z 7Y,

]

K

oj
—

A

—

L

,92,



A7F 8 <

® A7E WAe W Awael EPASE DHAS 77te] a7 3g 434
T ool% WAE Astel $A L ARE of tA HsAe FAstgon,
off tAll mE FAH 4N Bre ASA

1. DHA 8 7% H7}
# AFE Hol7] Aol QoM AW HY DHA 873 FEshed

I EAo] ot AFAEE dFdoZ = G A o] (deffatted fish meal

~—"

2 FHAI{) (casein) & AH&EFRoH, AFPoF I L Y(coconut oil)S T
g BsEYdoz Y2E(dextrin) 2 2 7FF(wheat -meal)S AF-8-31%
th. gx oo DHA L3 FeS HrE7] 93 DHA - 2FYo=

DHA (docosahexaenoic acid) 89% & AR&3te] AAAEY F DHA ST

0%, 0.5%, 0.75%, 1.0%, 1.25%,/1.5% 2] 2.0%7F SA A2 st o

HIALS &, HFFAl 3.51+0.12g (mean=SD)Rl HX| X o]E 407 A}zbEzd)
Zkzy 15vte] A &8kl Zt AT R o8 FA9] wj X3ttt

8F B ASE gAY FHEWGH I ESGR)A oA

H& APyt gz el wEte fo)st

A =& S UERSTHP<0.05). 3 DHA 05%= 713 23571 DHA

DHAE 1.25% % 20%S F7}ske) &

1.0%, 1.25%, 1.5% 2 2.0%°l Ao1A Fog zte]7h AATHP<0.05). AR &
& (FE)Y} @9 AH3 8 & (PER)Y UoIA tHEF7F DHAE 1.25%, 1.5% %

w3 AP Bl FosiA @ e JEAT
(P<0.05). 3tA%F DHAE 0.5% 37tste 353 43 77F DHA 1.0%, 1.25%,

20%E FH7bstd F

15% = 2.0%°] oM F23 Zo]7t AATHP<0.05). Broken line model
S 538 AU 4FLS 9% DHA 8732 1.26%% YEE O™, Second
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order polynomial analysis #+4& &

1.68% =2 YEFsT)
wEtA 2 dATe A3E Fohed, DHAS HA 872 126%H 0= =
ofok AT, 1.68% oWl Tw¥ AR AterdTh

rok
BN

g AAS 93 EPA 7%

2. EPA 8 7% 97}
B AFE A7) gdRo M A8 AHA EPA 73S =T

I EZo] u. AFPAEE S PozZE gX o] (deffatted fish meal

~"

2 FFAIR] (casein) S AHESFR O™, AHAYPoZ FFYQ Y(coconut oil)S T
g3 gslEdoz g2Ed(dextring 2 B7MF(wheat meal)S AFE-SHR
o gA X9 EPA QFHFES HIHe] SlE- EPA TFEL
EPA (eicosapentaenoic acid) 95%E AF&3std AIALEW T EPA FF5 0%,
0.5%, 0.75%, 1.0%, 1.25%, 1.5% =2lal 2.0%7} A tiAQl 3tk o uA}
5 &, HFEA 350£0.10g (meantSD)S]l x| HoJS 40 ¢ Alzgzo zHzt
15024 #8372+ AP sukER o R 7 4k9] Hj x| sttt}

85 FF AMES WA AE A% FAEWOE)FH L3HA37%E(SGR)N
JolA txz77F g Aol QoA FYeA 2 g dEhdeH
(P<0.05), &3+ EPA+DHAE &7t 05%, 0.75% % 1.0%E H7kste F53
APTEG fratA 22 @S e ATHP<0.05). AFRE W EPA o] &

ofr

f

& 75 SAEWE)H dUAFESGROT T78sh= 2%= AAT + A
Tt EPA+DHAES 77 1.0%% H7lste #353 43771 & Aol ¥
stel 7HE =2 #e JEiith B9 EPAYFE 125% < Rl

TAEWG)H AP ZE(SCR)] Fadhes S & F AT AR
(FE)7 SN A8 &(PER)C] oM E=g SAEWG)¥ d3Hd3E(SCR)
o A A Blow, tiE77F EPA 05%E H7bete] g5 AT

o

)
2
(o
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E A T oA FYsA EFe s UEHJATH(P<0.05). EPAS}
DHAS 43 FEo& 4713 Add73tel 3lojM+= EPASt DHAS 217}
0.75% % H7tst AFF7F 7P =2 @2 UE AT Broken line model
e B HAd HFS 9% EPA 87 1.10%=2 YEFS 2™, Second
order polynomial analysis #4& B3 HW AFS 93 EPA 827 %FE
1.59% % UrEbsith.

webas B ATFe AH}E Fsle], EPAY AR 87 FE 110% Ete =
ofok stAIWF, 1.59% FEoIH TEL ALoZ ARdEH

3. ol A=z X9 +EE dA H7}
2 ATE Aol7] Aol Yol Any ol BAReEH $A9 57
WA B7hE FEstE 1 BHel gtk APARE GRIYORE ofR

(fish meal), &= F8 Y (corn gluten-meal), 8l 72} (soybean meal),

A=
(shrimp meal)S AR&3IGoH, Aoz HEAHA Aolfr(salmon crude
oil)¢} %-Al(beef tallow)E 133 EFsl=d o2 "7LF(wheat meal)E At
&3tk AFAIEE o5 100% 28 2T AFEE GO 2 o f 75%+5-A
25%, 14+ 50%+%-A) 50%, o 25%+%A| 756%, 4+ 25%+9A 100%, o
17%+5-A] 63%+DHA 20% 2L 9] 75.9%+DHA 241% & & 77} A AL 85 2
W 533%, ZA W 11.1% 2 FAU A 162 K/ gL = A & 51o] 3 715 Aot

87 B AT WA FAEWGET YT EGGR) AolA ARFE
FA 75.9%+DHA 241% 5 F7Vet] 353 A7 xFo v /9
Al =2 @S JERHATHP<0.05). ofFE A 75.9%+DHA 24.1%E5 37t
st FFE AgT7 oF Al 25%, 50%, 75% 2 100% thATol 1ol A
F93F 2o]7F AATHP<0.05). AR EE(FE)Z @28 d & (PER)S] 910
2 A APzl dAA= FY3 Aolrt Ao,

>
2
Jo
e
HN
i3
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A 75.9%+DHA 24.1% 7o A= thxFol Bt FodA ¥ @&
U ER L THP<0.05).
wekd B AT ARE EUE 539% o] olBS ALgd A AA
ol AdAAM TEGF FAE FJAIRY olf HA AR 100%7HA AHE
o] 7ted FoE ALEHOIAY, &5 Ul EPAS} DHA o] ARE %

M /LSS Paste RES PRu, 5% dASdE 4
=

i

4. ol HAF=ZHN AFY F&EE dA H7t

B AF= Zo7] dAel oA ALRW of dAlAoEZR AR FF
A JrhE reeEted 1540 ok A@AEE duldedoe R
i (fish meal), &= F 8" (corn gluten meal), 749 (soybean ‘meal), |-+
(shrimp meal)S AR&atglor, AAdYo=z wAA Aofr(salmon crude
oil)} Alfr(poultry oil)E 12il ©HFS=U S 2 ®I7LF(wheat meal)S At
3tk AFAIREE 1S 100% 23 =T AAEE o2 o ff 750%+A
25%, ©11r 50%+A] 7 50%, 1+ 25%+7 - 75%, 14+ 25%+ 7| 100%, o1 1+ 17%+
Al 68.6%+DHA 144% 2 A+ 82.8%+DHA172% = F 77} A 9] At 5 S 20
53.3%, ZA W 11.1% L FolYR =162k /g2 2 A 2sto] Hylst At

8F B¢ AMEE YA ZAEWG) T AR E(SGR)Y A o F
E AfF=E 50%= A A7 AFE 75% R 100%= Bt FosiA ¥
2 & YEIATHP<0.05). AR EE(FE)Sl JolA 106~115 oo™, w
AHBFAEPER)A] AA 336~3.612 A AP {3 o]zt ATt

_{

Wed B A7e A3E BN 55.9% o4 ojRe A8 A% 4%
gol QoM FRYR ARE FolAuel off WAYLT 100%744 AHg
o] 753 Ao MEHAY, =% ) EPAS DHA ¥l AfE &7
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