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Abstract

This study was conducted to evaluate the effects of replacing dietary fish oil (FO) with poultry oil (PO)
in a diet for olive flounder, Paralichthys olivaceus. In the experiment, triplicate groups of 15 juvenile olive
flounder averaging 3.93+0.07g (meantSD) were fed one of the seven experimental diets. Seven diets were
formulated to replace FO with PO at 0% (POo), 25% (POas), 50% (POso), 75% (POss), and 100% (POiqp).
Additionally, two treatments were replaced FO with PO at 68.6% and docosahexaenoicacid (DHA) at
14.4% (BTes6Di1s4), and PO at 82.8% and DHA 17.2% (BTs23Di72) of diet, respectively. At the end of
8-week feeding trial, weight gain (WG) and specific growth rate (SGR) of fish fed PO 50% diet were
significantly lower than those of fish fed PO 75% and PO 100% diets (P<0.05). However, WG and SGR
of fish fed control diet were not significantly different from those of fish fed the other diets. There were
no significant differences in feed efficiency and protein efficiency ratio of fish fed the experimental diets.
Survival rate (%) of fish fed the all diets were not significantly different. Replacing FO with PO had no
adverse effects on measured indices of serological parameters and whole body composition (P>0.05) after
the 8-weeks feeding trial. Reducing FO up to 75% significantly decreased whole-body EPA, DHA and
total n-3 fatty acids (P<0.05) relative to control group; while, whole-body DHA had no significant
differences between control and DHA supplemented group (P<0.05).

Based on the results of growth performance, we concluded that PO can be potentially replaced with FO
up to 100% in the diet containing 53.9% of fish meal for juvenile olive flounder.

Key words : Fish oil replacement, Poultry oil, Olive flounder (Paralichthys olivaceus)
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<Table 1> Fatty acid composition of fish oil and

poultry oil
Diets

Fatty acids Fish oil Poultry oil

FO) (PO)
8:0 - 0.4
12:0 0.1 -
14:0 5.7 1.2
15:0 0.5 -
16:0 15.4 24.7
17:0 0.9 -
18:0 4.0 5.6
20:0 0.2 -
2. Saturated 26.8 31.9
14:1 0.2 0.3
16:1 7.4 7.0
17:1 1.0 -
18:1n-9 15.2 38.5
18:1n-7 32 1.9
20:1 2.2 -
22:1 1.0 -
24:1 0.4 -
> Monounsaturated 30.6 47.7
18:2n-6 2.7 18.7
18:3n-3 0.8 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 -
22:4n-6 0.6 -
22:5n-3 4.8 -
22:6n-3 13.4 -
> Polyunsaturated 38.8 19.7
>n-3 31.8 0.8
>n-6 5.6 18.7
n-3/n-6 5.68 0.04
EPA/DHA 0.79
AZzel 242t 15eheA S gatel 2 AR
o a9 WA wedelow
FrES 0.8 4 /minc) o, A7 Feke F
T T 2141T, HES 32+ppt, §FAA
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<Table 2> Ingredients and proximate composition of the experimental diets (% of dry matter basis)

Diets
CON POZS POSO PO75 PO]OO P068.6D14.4 P082.8D17.2

Fish meal' 53.9
Soybean meal' 6.0
Shrimp meal' 5.0
Comn gluten meal' 8.0
Wheat meal’ 18.9
Fish oil' 4.7 35 23 1.2 - 0.8 -
Poultry oil' - 1.2 2.3 35 4.7 3.2 3.9
DHA’ - - - - - 0.7 0.8
Others® 3.6
Proximate analysis (%, dry matter basis)
Moisture 9.98 9.49 9.61 9.79 9.71 10.3 9.89
Crude protein 53.5 533 53.5 52.5 53.0 53.2 53.4
Crude lipid 10.5 10.6 11.0 11.6 11.3 11.0 11.1
Crude ash 11.2 10.8 11.0 11.0 10.9 11.2 11.0
Gross energy (KJ/g)! 19.2 19.5 19.5 19.6 19.6 19.4 19.5

'Provided by Jeil Feed Co., Haman, South Korea.

Provided by Neomega products Co., Daejeon, South Korea.
Vitamin mix., Mineral mix., MCP, Lecithin, Choline, Additive.

3Others :

*Gross energy (KJ/g) was estimated based on the physiological values of 23.6, 39.5, and 16.6 KJ/g for protein, fat,

and N-free extract (NRC, 2011).
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Trace GC; Austin,Texas, USA)ol| &3] #2315t}
FID EE5 %3 Detectiondt 2™, Columns
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<Table 3> Fatty acids composition (%, DM) of the experimental diets

Fatty acids Diets
CON POZS POSO PO75 PO]OO PO68.6D14.4 P082.8D17.2

14:0 33 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 0.4 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 2.2 1.8 1.5 1.2 1.7 1.4
Saturates 28.7 304 30.5 29.7 304 28.1 27.9
14:1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
16:1 42 4.3 44 4.4 43 4.0 4.0
18:1 21.2 232 25.3 27.8 28.9 24.8 26.5
20:1 3.0 2.3 2.2 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 31.9 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 44 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 18.9 15.8 13.5 11.7 9.8 17.6 15.6
n-6 19.9 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 0.4 0.9 0.7

<Table 4> Growth performance of juvenile olive flounder fed the experimental diets for 8 weeks'

Diets’ Pooled

CON POys POso POss PO1go POgs¢Dissa  POpsDiza  SEM?

WG (%) 340% 346" 323° 344° 346° 339% 333% 2.48
SGR® 3.08% 3.14° 2.93° 3.12° 3.14° 3.07% 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
SR (%) 93.3 933 97.8 933 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)
2CON; Fish oil 100%, PO,s; Fish oil 75% + Poultry oil 25%, POso; Fish oil 50% + Poultry oil 50%, PO;ss; Fish oil
25% + Poultry oil 75%, POg; Poultry oil 100%, POgseDiss; Poultry oil 68.6% + DHA 14.4%, POgysDi7,; Poultry

oil 82.8% + DHA 17.2%
3pooled standard error of mean :

SD/ Vn

*Weight gain (%) : [(final weight - initial weight)/initial weight]x100

’Specific growth rate :

®Feed efficiency (%) : (wet weight gain/dry feed intake)x100
"Protein efficiency ratio :
8Survival rate (%) : [(total fish - dead fish)/total fish]x100

wet weight gain/protein intake

[loge (final weight) - log. (initial weight)/days]x100
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HANB A3} AST X ¢loj = CONTF & FYI27F AN (P>0.05), PO, POggsDiga,
= AFFZl FsE Aol7t Gl 3(P>0.05), POssDi7  BbF -4 2% =T} (P<0.05).
POsp> P09t POggeDiga 20t oA 02 =9} oA Q] AHHIELS <Table 6> o, A
(P<0.05). ALT FA& B Aol Foxb7b oA &, 2dud, 249, 372 2e 4
UEEA @okom(poos), 2REa BEe  @7rel fo@ Aolrh G9TkP-00s). Aol
CONol B AgTtel wlsf Fojdoz wgte o AUal £483= <Table 7>° WERISIL.

L POxs7F CONZE POgsDirooll Wl o] H ez Pt & gl Qloj & Ad+ite] &
o #E HERISITH(P<0.05; <Table 5>). Aoz FoF  Hol7t 31%3‘34(150-05),
T Ao §lojA] CONZ POss, POsy, PO 31.6~33.2 0] lTh

<Table 5> Serological parameters of juvenile olive flounder fed the experimental diets for 8 weeks'

Diets? Pooled

CON POZS POSO PO75 PO]OO P068,6D14,4 P082.8D17.2 SEM3

AST (IU/L)Y* 40.7% 36.1% 43.0° 24.0° 33.0% 24.0° 27.0% 2.10
ALT (IU/L) 3.00 2.03 2.00 1.67 2.33 2.33 2.00 0.18
GLU (mg/dL)®  12.0° 20.2° 19.3% 18.3% 18.3% 18.0° 17.0° 0.35
TP (g/dL)’ 3.07° 2.78% 2.80% 2.83% 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)

’CON; Fish oil 100%, PO,s; Fish oil 75%+Poultry oil 25%, POsy; Fish oil 50%+Poultry oil 50%, PO.s; Fish oil
25%+Poultry oil 75%, POjgo; Poultry oil 100%, POgseDias; Poultry oil 68.6%+DHA 14.4%, POsysDi72; Poultry oil
82.8%+DHA 17.2%

*Pooled standard error of mean : SD/ v/n

*AST (IU/L) : Aspartate transaminase

SALT (IU/L) : Alanine transaminase

°GLU (mg/dL) : Glucose

TP (g/dL) : Total protein

<Table 6> Whole body composition (Wet basis, %) of juvenile olive flounder fed the experimental diets for

8 weeks'
Diets” Pooled
CON PO;3s POso PO7s PO1go POgseDiss POgpgsDiz,  SEM’
Moisture 73.4 75.1 74.6 74.0 74.7 74.8 73.9 0.23
Crude protein 18.4 17.2 18.4 18.7 18.5 19.0 19.1 0.24
Crude lipid 3.88 4.07 4.42 4.26 4.28 3.78 3.88 0.09
Crude ash 3.64 3.70 3.70 3.78 3.80 3.80 3.86 0.03
'Values are means of triplicate groups, and values in the same row with different superscripts are significantly different

(P<0.05)

’CON; Fish oil 100%, PO,s; Fish oil 75%+Poultry oil 25%, POsp; Fish oil 50%+Poultry oil 50%, POss; Fish oil
25%+P0ultry oil 75%, PO]()(), Poultry oil 100%, P053‘5D|4,4; Poultry oil 68.6%+DHA ]44%, Png,gD]mz; Poultry oil
82.8%+DHA 17.2%

3Pooled standard error of mean : SD/ v/n
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<Table 7> Whole body fatty acids composition of juvenile olive flounder fed the experimental diets'

Diets? Pooled
CON POZS POSO PO75 POIOO PO68.6D14.4 P082.8D17.2 SEM3
14:0 3.27° 2.86° 2.76% 2.29¢ 2.16° 2.46% 2.10¢ 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® 18.3% 19.5° 0.16
17:0 0.37° 0.35° 0.33° 0.30¢ 0.29° 0.32° 0.31¢ 0.01
18:0 3.82° 4.00% 3.96% 4.12° 425" 4.07% 418" 0.04
20:0 3.11° 1.32¢ 2.69° 2.44% 2.28° 2.61% 2.45% 0.07
21:0 0.68° 0.58° 0.49° 0.38¢ 0.374 0.40¢ 0.30° 0.03
22:0 0.61® 0.37° 0.72%® 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° 2.31° 1.88¢ 1.99¢ 1.93¢ 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% 4,57 5.14° 4.98%® 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 22.4¢ 25.2° 25.9% 27.7° 26.9% 26.0" 27.3%® 0.40
20:1 0.98° 2.17° 0.93° 0.89" 0.92° 0.86° 0.84° 0.01
22:1 0.22 0.19 0.22 0.18 0.21 0.27 0.20 0.02
MUFA 28.5¢ 31.5° 31.9% 34.1% 33.1%¢ 31.9% 34.7° 0.49
18:2n-6 18.6% 18.3¢ 19.6* 20.4% 20.6° 18.5% 19.5% 0.22
18:3n-6 1.89° 0.55% 1.66° 1,550 1.55%d 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° 4.55° 3.88° 3.31% 3.50% 3.38% 291° 0.16
22:2 0.30° 0.24° 0.22° 0.17° 0.17¢ 0.18° 0.16° 0.01
22:6n-3 10.8% 10.5% 8.49° 7.49° 7.97° 11.2° 9.87° 0.32
n-6 20.5° 19.9° 21.2%® 22.0° 22.0° 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 superscripts are significantly different

(P<0.05)

2CON; Fish oil 100%, PO,s; Fish oil 75%+Poultry oil 25%, POsp; Fish oil 50%tPoultry oil 50%, POss; Fish oil
25%+Poultry oil 75%, POigo; Poultry oil 100%, POgseDiss; Poultry oil 68.6%+DHA 14.4%, POs>sDi72; Poultry oil

82.8%+DHA 17.2%
3pooled standard error of mean : SD/ v/n

ShAIE MolA wrAEFE kA ALY 49 CON
o] AFE FaE AT AATHET FosH
o 7S YERY QI th(P<0.05). REdof, HojA 1
SE¥3 AWAF -3 HUFA)S! 20:5n-3 (EPA)ell
oAtz o At nlske] fol st
=2 s YERY o m(P<0.05), olFE AFE

FEdw AR A AolAl erel
s e A 4 gl E# Aol

22:6n-3(DHA)Ol oM %= WAl EPA 2443}
9} vl AEFS B O, POgeDiaa’t POs,
PO, POjpy 3 POgpsDippBtF FofstAl &2 %
S YERSITHP<0.05). H oAl n-3A Ak glo]
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