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Abstract

This study was conducted to evaluate the optimum dietary eicosapentacnoic acid (EPA) and
docosahexaenoic acid (DHA) levels for growth of juvenile flounder, Paralichthys olivaceus. A basal diet
without EPA and DHA supplementation was used as the control, and nine diets were prepared by six
different dietary levels of EPAgs, EPAg7s, EPA;, EPA 25, EPA;s, EPA, and three different dietary levels of
EPAostDHAs, EPAg7stDHAq7s, EPA;otDHA; . Triplicate groups of fish averaging 3.5+0.10 g(mean +SD)
were fed one of ten experimental diets for 8 weeks. Survival and hepatosomatic index of fish were not
affected by dietary EPA and EPA+DHA levels. The highest growth rate and feed efficiency were observed
in fish fed diets containing EPA(7stDHA¢7s. Weight gain and feed efficiency increased significantly with
dietary EPA level up to 1.25%; however, those of fish fed EPA;s or EPA,, high level were decreased.
WG and FE increased significantly with dietary EPA+DHA level up to 1.5%; however, high level of those
of fish fed EPA,(+tDHA,, were decreased. The result of broken line analysis showed that the maximum
weight gain of 3.5-11.6g flounder could be attained at 1.10% EPA level in diet. Therefore, these results
may suggest that the optimum dietary EPA level could be greater than 1.1% but less than or equal to
1.25% without DHA, and it could be 0.75%, with DHA at 0.75% in juvenile olive flounder.
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Ao ®aR FAHY glom, ' Atold cis #SE 7|E AFA GA Aol AR U] n3
olTATE Ztu e n3 ALEEBISAAL HUFA L7932 35%F  HLF S S H(Izquierdo
(highly unsaturated fatty acid, HUFA)S. 2 a4kl et al, 1992), @ o9 n-3 HUFA Q7%
o Al M-S Qe Alme] HrbHolok & 0.8-1.1%% K UTHKim and Lee, 2004; Choi
= 24 J Lo THNRC 2011). et al., 2014). Z1#} oF9 ¢ AW Q=
EPAE &ite] Aol(arva)®] A7 W el 2 oA A7) W ARGEAE Z2 219 Aol
A Tk oskS ghtk(Watanabe et al, wWER 2EHE £ e Aoz Id¥HA
1989; Fernandez-Palacios et al., 1995). DHA: ] (Olsson et al., 2003; Sharma et al., 2010). “LZ}A]
Fo A 2AT dube] EAee AXA 7+ & AFE AR Wl EPAY @ 7 9 EPA 9}
4 AEolr, o] 7o el Fad 98-S k= DHA & = HIFFol |gA Aol A dW AL
A WFAko]thBell et al, 1995; Koven, 2003; Za & v+ TS AL, Al W A4
Mourente and Tocher, 2009). EPA®} DHA S 3ot
Are Ul o] 3t n-3 HUFAS ZA¥2 ko]
A7 W HYYE AT AoE Ryt
(Kiron et al., 1995; Kim and Lee, 2004; Skalli and
Robin, 2004). “12]u} o]2jst A5 Aate] 3 4 AlE Al
Tw TS Aol AR WAES AskrlA
F A= Ao2 B9t (Takeuchi et al., 1990;

A AR A5 24 9 S AR 24 4
% i
Furuita et al., 2000). {X2 = AAal Qo

= <Table 1>°] JeERfic)
FHAIQI T} oS AFEEFYl o, AMRE ofE2

<Table 1> Ingredients and proximate composition of the experimental diets

Diets
Con EPA EPA EPA EPA EPA EPA EPAy;s EPA 75 EPA,
0.5 0.75 1.0 1.25 L5 20 +DHA,s +DHA,7;;  +DHA,,

Ingredients (%)
Defatted fish meal'! 38 38 38 38 38 38 38 38 38 38
Casein’ 215 215 215 215 215 21.5 21.5 21.5 21.5 21.5
Dextrin® 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Wheat meal® 17 17 17 17 17 17 17 17 17 17
Coconut oil* 9.8 927 9.01 874 848 821 7.68 8.75 8.22 7.69
EPA’ 053 079 1.06 1.32 1.59 2.12 0.53 0.79 1.06
DHA’ 0.56 0.84 1.12
Others® 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2
Proximate composition (%, dry matter basis)
Moisture 178 169 144 176 179 17.9 19.1 16 15.5 18.6
Crude protein 503 502 495 503 509 509 516 50.8 50.9 51.6
Crude lipid 1.1 119 112 114 113 11.1 10.7 11.2 10.8 12.3
Crude ash 8.1 8.5 8.8 8.9 9 8.9 9.1 8.6 8.8 8.7

'Fish meal (Kodika Co., Alaska, USA) was defatted with chloroform-methanol mixture (2:1, v/v).
*United State Biochmical, Cleveland, OH44122, USA. *Young Nam Flour Mills Co., Busan, Korea.
*G-Cube E.P.R. Co. Ltd., Seoul, Korea. 5Chernpoﬁ Inc., Seoul, Korea.

Others : Vitamin mix., Mineral mix., a-Cellulose, Choline Cl.
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gxl xloje] MRS 93t AR W M

FEE¥E 9 v EFdenez A4S A
Astolth AF AbRe AFdYow AREE EPA
(95%) % DHA (89%) FAFY ZIH 299
AAE 273E <Table 2>o YERSITE A H A
O EPA (95%)%} DHA (89%)° H7bg x4
ato] AbE Wl EPA o] 0%, 0.5%, 0.75%,
1.0%, 125%, 15% 9 2.0%7} H5S &9om,
A& Ul EPA ¢ DHA £ 1:19 u]&=Z &3
7}ste] n-3 HUFA &%°] 1.0%, 1.5% 2 2.0%7}F
HES A F 1052 APAEE AAET

(<Table 1>).

<Table 2> Fatty acids composition (% of total fatty
acids) of dietary lipid sources

Lipid sources

Fatty acids Coconut ~DHA>  EPA’
oil' (89%)  (95%)
C8:0 6.6
C10:0 5.8
C12:0 483
C13:0 0.1
C14:0 18.9
C16:0 9.3
C18:0 2.7
C24:0 3.1
2 Saturated 91.6 3.1
Cl6:1 <0.1
C18:1 6.7
2 Monounsaturated 6.3
C18:2 1.6 0.5
C20:4 1.6 5.0
C20:5 59 94.5
C22:6 89.4
2 Polyunsaturated 1.6 96.9 100.0

'G-Cube E.P.R. Co. Ltd., Seoul, Korea.
2Chemport Inc., Seoul, Korea.
3Chemport Inc., Seoul, Korea.

2 of| &%

Aoj= Aehd® 1
T 249 & ‘%MW ?“?J shlem, A A3
&<t EPA 4l DHAE 7febA] ok

==

2 A2 5

Nz AFRE Faet o] ARSIt AR A
g2 A 3R ow ANtk Hx AT
3.5£0.10 g9 | i]Oi%: 3070 40 L AMZ
Fxoll FxE 15vHA TR HHX]EP:‘E}
A A e Hé Al ARESHA
W, F5ES 10 /2R 23 ok?i\:} s #éoﬂ
airg Fwerlen 4

]
211 C AT A2 %‘%
A2 63-67 mgLAth AE Atz ofAF
-5%(Lg7lf)w 12 2Q
o 4N) ¥
Skt ’\}ﬂr A ARl
Sy AFo]E MS-222 (200ppm)E  vHH AR

T A4 #AE S
3. 88 =4
AgAbES dRMIE B4 AOAC

(Association ciation of Official Analytical Chemists,
200008 el Wl SRS AR FE AR (135TC,
2AI7Y), ZEAL kjeldahl A2 FH(N%6.25),
232 A4 s or EAEAT =AY
A TA Axe &
1046 (Tacator AB, Sweden)= AFZ3}o] soxhlet &
%@ o= ;L/H g]_oh;].

A AAE A2 Metclfe 5 (Metcalfe
1966)¢] W] et 2 A& methyl esters}
Al %, gas (Trace  GC,

ThermoFinnigan, San Jose, CA, USA)E #23}5]

3L O
LS soxtec system

et al.,

chromatography
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KI-XIO_I 7:!%7% taoE.

o™, column quadrex (30 m x 025 mm id.
film thickness 0.25 gm)E AFE-3FQITh 2F 2|WHAk
& Fost 7oA xFE AW FAME mix-37
Bellefonte, PA, USA)$} retention time=
skl em g2 7} peakd] WAS

B g e,

(Supelco,
H] 35}

At Q)

4. A 24

Aol FAAE= Computer Program — Statistix
3.1 (Analytical Software, St. PaulMN. USA)E

ZHEA(ANOVA  test) S AAISE] FH 2/-2H43 %
(LSD: Least Significant Difference)© = %17t
T4 (p<0.05)& 7733tk EPA 2782 TA
£& AXEZ brokenline model (Robbins et al.,
1979) A4S ol &ate] St

cHES

m. &

EPA % DHA &S
YAl A&
vheb gl e

g=A " AlRER
8F3F AFSgt AIE <Table 3>°f

AEES & A& gto A 91.1-
97.8% ol on AT Fodt Aole A
o SAE, A AFE, Atsas 9 9id 8
2 EPAS DHAES E3(1:1)8t9 1.5% FH7ist
Ao Fo8HA =% thp<0.05). AtE W n-3
HUFAZ EPAWHS 718t A9 FA&, A3t

=
—

AAE AlEEs 9 dWMAFEES AFE Y EPA
srero] Z7)abo] wheba] Z7bske] 125%14 &
kA=A RO (p<0.05), EPA 15 U

2.0% A& = EPA 1.25% A8 T vlste] 59
SHA SEETH(p<0.05).

<Table 3> Growth performance of juvenile olive flounder fed the experimental diets for 8 weeks'

. 2
Diets Pooled
con EPA EPA EPA EPA EPA EPA EPA;s EPAys  EPA,  gp\p
0.5 0.75 1.0 1.25 15 2.0 +DHAgs +DHAp7s  +DHAip
2’(}2))4 G yore 2177 2420 257% 306" 2719 266 283 332 307" 778
SGR® 1736 1.97° 220° 233%  277°  246% 2419  2.56° 3.00° 2.78° 0.07
FE (%)° 78.4" 881 98.0% 103.7¢ 124.0® 1093% 1082% 114.0* 1343*  123.5®  3.18
PER’ 1.89" 213" 237%¢ 251 3.00° 2.64% 2619 275" 3.24° 2.98%® 0.08
Survival
rate (%) 956 933 956 978 956 956 933 97.8 93.3 91.1 1.04
HSI® 1.02 1.13 111 131 .19 127 139 0.95 1.31 1.06 0.05

'Values are means
different(P<0.05)

of triplicate groups,

and values in the same row with different superscripts are significantly

Control; Coconut oil 100%, EPA os; Coconut oil 99.5% + EPA 0.5%, EPA ¢7s; Coconut oil 99.25% + EPA 0.75%,
EPA 1o; Coconut oil 99.0% + EPA 1%, EPA ;,s5; Coconut oil 98.75% + EPA 1.25%, EPA ;5; Coconut oil 98.5% +

EPA 1.5%, EPA ,,; Coconut oil 98% + EPA 2%, EPA,s+tDHA(s; Coconut oil 99.0% + EPA 0.5% + DHA 0.5%, E

>

EPA,75tDHA(7s; Coconut oil 98.5% + EPA 0.75% + DHA 0.75%, EPA;,+DHA;,; Coconut oil 98.0% + EPA 1.0%

+ DHA 1.0%.

Pooled standard error of mean : SD/ /n.

*Weight gain (WG, %) = [(final weight - initial weight) x100] / initial weight

*Specific growth rate (SGR, %

= [log. final weight - log. initial weight x 100] / days

®Feed efficiency ratio (FE, %) = (wet weight gain / dry feed intake) x 100
"Protein efficiency ratio (PER) = wet weight gain / protein intake

$Hematosomatic index (HSI) = (liver weight / body weight) x 100
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EPA 4 DHA &3} H7} Ad+9 TA4& 4
U7t &S EPAgss + DHAgss AET7F 79
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AT £07 JEFLTHp<0.05). EPA
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[Fig. 1] Broken line analysis for weight gain (WG,
%) base on the different dietary EPA
levels.
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S ?} broken-line model 2]
LEZsk A Aoj7] gx A= Y
A4 EPA Q7% L1%=E YERTh old 2
W2 E o, 35-11.6g H@A Ao Hd s
st AbR Ul EPA 27 L1%HTH=

e st ALZ Wi AA eicosapentaenoic acid 2t docosahexaenoic acid &2

125%K k= sdatAY As Zler FHdr
DHA FH7FrEe] 0.75%%0 45+ Alsd 44
EPA H7}FEFS 0.75%E SolAl= Fo=E 3%
o} 184 n-3 HUFA %S 274 3 artemia
2 Zol7] A& AFSSE Izquierdo et al.(1992)2]
AgelA gA Aol Hole] n3 HUFA Q7%

O:

oL
)

3.5-4.0%% R 115 tH(Izquierdo et al, 1992).
s Hx AT 85g E 9.7g¢] €A AoE e

% Ab& U n3 HUFA Q73S 2AMEE 7]E9)
A+ (Kim and Lee, 2004; Choi et al, 2014)°lA4
AbE Wl n-3 HUFA Q7% 08-1.0% % 1.06%
2 RyEo] & A5 A3 Aks o n-3 HUFA
?l EPA 7% 1.1%%} T ApolE BSiHh o]
A olfo) AR o BEAL 2FFE o)F
o 4% Wil W ged F Qb Aow &
A U(Sargent et al, 1989). Turbot® 4%
&= 01719 n-3 HUFA Q732
1.3% ©]’Fo] A Wk(Le Milnaire et al., 1983), X/°]7]
4 8401719 n3 HUFA 7% 7+ 0.8%
9 0.6%% Ae® HHTHGatesoupe et al.,
1977; Leger et al., 1979). o]&jst A== & o,
of 77t AAgtel wet Als W Al o5
F AAT F ole Zow dddn)

2 AT AR FFA O 2 EPAgs +
DHA¢s, EPAg;s + DHAg7s ¥ EPA;, + DHA &
Egate] 7k AT EPAVRS 24 EPA,
EPA;s 9 EPAy, ©= H7ist A3 F o] nlsto
FoeHl =2 S Btk olglst A= A}
& Ul n-3 HUFAZ EPAYHS 12% H7hst A3
7} EPAS} DHAE ¢35l 1.2% 7kt A+
of Hlsto] YA Ao]e FA|Fo] FoeHA w2
A3E ¥9 Kim and Lee (2004)2] &7 ZA3}e}
AT AFE Ul n-3 HUFA 33995 EPA

rotifers A%

y

¢t DHAS 77t 543 o Axd Anz
Zy) 52 2o]5 A3l Lee et al. (1994)2] A
] DHAE ¥#% AF77F EPAE F33 2
ol miste] w2 A Alsads Hivh
olgldr Aitz = v gx W FyEei 2
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Aake] 2o Atm Ul AP TR E
EPAE ©50F AM83l= A HEU+ DHAE 3+
at71tk EPAS} DHAE Z§ato] ARE3sh= 7o

Y Z2&4Y Ao ek

B AqelA I AL E AFE U EPARE
< kst A@Fe A, AHE Wl EPAs 2
EPA,, A3 EPA s H7Hell vlsto] 23]+
o) FaAlE U AlR A S0 gadte d9E
B3O, EPASL DHAS &3 H7ish A3
ME EPAo + DHA ¢ 87 EPAgss + DHAgss
A7btell wlsto] Aol Hashs AaE Bl
o} o]9} o] AlE U} n-3 HUFA 2722 27

S A Aol 4% 9 AlsEEo] 239
¥ IAsh= A¥3E B=dY, Kim and Lee
(2004)¢] Aol E AtE Wl n3 HUFAE

0.8-2.4% H7Fet ALERZ {A A& A A
3} n-3 HUFA & 08% 7M1= w98 571
SH7E L6% oI’ A7reRdlE A WA A0l
48 B At RE S0l At Aok fAkg

A3E Btk 22 Choi et al. (2014)2 AL
Y n-3 HUFAZS 1.06-3.88% d7}st AlE2 §X
Aolg AHESH A3t SAF 8l AAREES BE
Aol A Fo3 2po]E HolA] ool & AT
o} ApolE Btk ES AR AHPoR X

(beef tallow)?} Al EPA 4 DHAES AMg3ko] A}
3 Ul n-HUFA &3] 0-4.0%2) AFEES ALg-3}o]
29 Ee xojE AMSet Ay, JgS s AR
Y n-3 HUFA 2732 09% ©lAollom, n-3
HUFA 4% 37} A@dFAAE 53 448 2 A}
HAEES Ko AFA YAl 7o) FFo e A
F Ast W AIRRES hE UEUXA
(Lee et al, 1993). “12]3 EPA (0.05-4.1%) %
DHA (0.1-4.1%) &%s th=A H7hst A2 =
5 *°o]& A5 Hong et al. (2017)2] A-ollA
AbE W) EPA % DHA S7% 7ZH7; 1.67% 2
1.19%%1 0.9, 4.1% ©]7<] EPAS} DHAE &
Al AT A 2 AlRES A E Y

=

B skob olFel wWE Aoz wyirh A}

W%

-

LA A==

QIAE - HHAE

=N}

W n-3 HUFA 7% Z¥o] W& o|g3t A%

ztol= AR AlRe AHgE JIxAMRS dm X
AR, AR, dFH, TAHLeY 2 ethyl

laurate), & 52 AMS A2 Apole gt A
o2 AT} Lee et al. (1993)8] ATFlA n-3
HUFA7} 0.6-1.5%%] AlR2 =& 122 20Tl
A e AolE ARST A, F2 12TlA
Aole] A& AR Ul n-3 HUFA $ae] whe
Aol & HolA] gttt TIelut = 20T A
n-3 HUFA 0.9%-12% AZ77F 0.6% A
Hlgle] =& RS Hol, o wE AR U
A4 n3 HUFA o] ztolE Holow, F2
12CoA z39Eg Al W AA n-3 HUFAE 2
0Col n3te] A rERRLT

weba] 5 21Tl A A7) Jgxe AlEy
A4 EPA £52 AlEU DHA H7bbFo] gl
o 1.1% Hub= I3 125%KTE SUshry
AL ZAo0% FAEM, DHA H7FrE0] 0.75%2
© AFEW A4 EPA H7FEE 0.75%% So}
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