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Paralichthys olivaceus Fed Practical Expanded Pellet at Low
and High Water Temperatures
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Two feeding trials were conducted to investigate the optimum feeding rates in juvenile olive founder Paralichthys
olivaceus fed practical expanded pellet(EP) containing 58.1% crude protein, 10.7% crude lipid, and 10.8% ash at low
and high water temperatures. In the first experiment, triplicate groups of 15 fish with average weight of 7.7 g were fed
at one of seven feeding rates(0, 1, 1.5, 2, 2.25, or 2.5% of body weight/day or to satiation) for 4 weeks at low water
temperature. In the second experiment, quadruplicate groups of 20 fish with average weight of 5.5 g were fed at one
of eight feeding rates(0, 3, 3.5, 4, 4.25, 4.5, or 4.75% of body weight/day or to satiation) for 4 weeks at high water
temperature. Based on growth performance, we estimated that the optimum feeding rates for juvenile olive flounder
were 1.97-2.51% and 4.82-6.36% of body weight/day at low and high water temperatures, respectively.

Key words; Olive flounder, Optimum feeding rates, Low temperature, High temperature, Extruded pellet

AN
o524l glof FFAAGuI9] 50-60%7 AR A%
=12 9lo5H(Cho ot al, 2006), oo HE £&A AR FFE
AREE 9 ol5 Aol AHAQl GRS vH AWHo of
o) AR A 29T UF F2F 9NE Axshu ot
(Tsevis et al., 1992: Azzaydi et al., 2000., Lee et al, 2002).
o1Fo AL 28t T, BATA A B30l e
2 21-g-2] Avfo]m Brett et al., 1979), o} 2] A2 4 7]%5-2 4=
2-9] Fgfof ot g o2 A Frh(Pelleiter et al., 1995).
S0] Wolx|w off Ae] 28kad T4 W chakgo] 14
5}A| = o](Fauconneau et al., 1983) H o] A F|eko]| & o]z 1L
ol Aol % SHEA B Sk $7HE b A

Corresponding author : scbai @pknu.ac.kr

345

7¥et7] wiZol(NRC, 1993) =20 o A4 Ale 35E
A5tz Aol ml- Fasith f-gjuetolA @X](PHZIICIIU/S
olivaceus)= = R G4 Aol E o2 A, Aitegel glof
A 2010419 40,9220 2 ] & o] 29FA] 9] 50%0|AFo. 2
o9~ & BlF2 AR5k ATHFAO, 2009). o] #3t YAl 4=
2 19-21C 2] Wfoll A o] & El= o]Fo] X ¥H(Kim et al,
2005) - A o2 o] Fo| A= FUAET SN 4
QFa| o o] =2 /3to] 21 A Q] JifS vrom, o]of whE Hig}
Ats AFHEE gepdith e g g2 AgdAE A
4 AR A= AAA o2 4= =} ¢l th(Okorie,
2010).

wEpA], 2 Atol s 2l A dAl o] w2 g A viEAbE
SHIZEIY 7o) deko = Zjof7] g2jof QlojA] A7) H
4270 A-G AR O] A7 SaE= EhelstarAt skl

10
ToE



346 B LA ERUEL S

>
0%

of H Atz

A7) Aol AHEE Adlol= A

2| (Paralichthys olivaceus) X0 F7Zthalal 4 FtfAtal
AW 400 L 2ol A A& ol 488 4= s 257 9
H| ARSI oA &, Bt A 7.7£0

¢l {2 2|0 & 30 L Apzbpzof| 242y At 15upe) 4] 72
Q1= kS v x| shieh. ap27] Aol AREE Aol A
oA 2RkE PR 2| & B et oAbt AF AU
400 L =20 A ARl oll 288 = Q%5 25:7F ofjH] Al
SEGT}. o HARS 5, Ht A 5.4£0.04 g(mean = SD)Q1 HA|
;‘(101% 40 L /\]_ LA7\01] FAvAL A]d_‘[L ()u]-a]m UX]—Q_]E 44}
& ujR|skelch 2 A ere o olii o s feF2-32 1
min® 2 24513 o, F ARSAE 7|7 457 A A5 T

E A3ARE H] AL HHﬁL’\}E(—'F_

45)% AH83150m QU EL Table 1o] LehAgIcE A4
) g QoA el AR BFE oAl BAT 0, 10, 15,
2.0, 2.25, 2.5% % YHa5 o (Satiation, SA)S.2 Z T/ A+
2 o] 1Y 23](09:00 h, 16:00 h) FFsF3ich WE3g-2
< 100 mL Z2k25 A& 50 g—J ARE "ol AR

Al 108 S0 gk 223819 o, o AR Eke 3hAksto] AR
FFFS FATA AR5 148T03TE FA5he

A7) Aol A, A AR FEEE oA FAF 0, 3.0,
35,4.0,4.25,45,4.75% 4! W53 (Satiation, SA) 0.2 - 8
i AFTEE LYo 1Y 23](09:00 h, 16:00 h) 33t T AF
S422257F05C=E FA51%

A=

oA AL 470 HETR &, AFES
] 24417} HA|X]7)3 MS-222(100 ppm)2 FFIA|A 7
AZS =459 A¥ER 5, Z3&(weight gain, WG), &
7P*é7§}v§r(spec1ﬁc growth rate, SGR), tH¥ 2143517 &-(protein
efficiency ratio, PER), Al& f-8(feed efficiency, FE), &8
(survival), B]QFE (condition factor, CF), 5-3F4](hepatosomatic
index, HSI) 2 WA=akd](visceralsomatic index, VSI)E 717+

zAs19t.

=73l7] 915}

=

A

=
[ty |

MR

HI

AU APARS} 2 SRR Suheln Rae)E 2

ol 413 AOPAT AR5 RAEI900, AOAC000)
Mol whet 4o AR AZH(135T, 247D, ZTh e
Kjeldahl A= H(N < 6.25), 23182 4 H8|ahy, 244

Mr rL
So

>

S WEL 12417 52 AZ3 5 Soxtec system 1046(Tacator
AB, Sweden)& AFg-3}o] soxhlet & O g2 ZhzF B A51¢]
o ol 02 glslol Aol Aalap] 7 o 244
¢ Zor AAN AL} AldolE 7+ Ay Sufe| A Bz =
25}0] MS-222(100 ppm) 2 vh3| A7k Aol v 5 guio]
A FAE Yt 5 25 HEA 7] (Excell 500, USA)E AR
stof, Mo tigt 4E -8 (HCT), P45 =(HGB) % HE
TEE(WBO)E 2435190t AL _4 B 93t
ks “ﬂ"”a ﬂgﬂzﬂﬂ A2 = 2] 2 didel el ¥ A2
123k % 3,000 rppmof| A 1087F Y41 2-2)5t0] Y
Ryt /q 16/\]7P ool BA15H3ITH BB FoHE A7
CHI100(cH3 ] 8, 3H=)2 ©]-8-5Fo] GPT= Kinetic {2 2,
TP, glucose+= End-Point WS- 0|83} B35} ).
SA2M

[y |

2E 79 EAAZE J.M.P program version 9.1.3
statistical software(SAS Institute, 2004)= One-way ANOVA
tests AAISH &, 247292} AA(LSD: Least Significant
Difference) 0. & F#7F9] 2]/ (P<0.05)& A7gstom,
AR vgkAlE 3382 broken line analysis(Robbins et al.,

1979)¢} second-order polynomial analysis(Zeitoun et al.,

1976)% o] g-3}o] HIsfsint.
2 W ¥

A AIA oFAl AL 314 1 3HA o] a1 2452 Q] QFAAL
Qo obrby] Sla) AAkae] B AAZ Heolut el v
LAbE W SHA A A QL % Xﬂ?ﬂl]ﬂ o]Z o] Z| 11 9l Al K

ofet. ALEFFN 9lol A4 FEHSY FHEL i 0%
3719} A3 o) kS ‘E’:]’_‘ltt](Ng et al., 2000: Mihelakakis
etal, 2002), 71 & AF42.0 o] 29] AR A F| o] TS 1)

2] 4= 9] 11(Brett and Higgs, 1970), 28| 2] oF thA} £x9} 4
AAel Flo] 917] who] ofRAFA] A| Aol T B
AA Ol et A= o9 Stk

A2 B A7 o] Fof i 45710} AR F o HiRt 4

==

% A= Table 20f] JeRY St Ae2719] AR (WG U
ZHIAE(SGR)O] Q1o A WHEL(SA)O A 52.3%, 2.0% = ZF
ZF 7M =8 228 Bl 2.0, 2.25, 2.5% A 1ol 9.9
3k Zpo] 7k QI 2 LHP>0.05), A A F-¢1 0% Ao vla] H-2

0

517 71 LERTHP<0.05). 1142270l wHE ol 4 7
& SA7} ek on, 4.75% AHTSH I3 Aol gigick
(P>0.05). SAIFH A7H7E olAl Algtgg—ol sy vt
BPFTOR B4E Folxt Ado] Uehton], oft AR
FEO| F71A4S olF2) o] Z7NuITHE B oo o
off Hay Axkel fAkeE A dkS H ¢ rh(XiaoJun and Ruyung,
1992; Adebayo et al., 2000; Ng et al., 2000; Mihelakakis et al.,



A7) B a2 7] g2 20l A e 347
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Table 1. Proximate analysis of the experimental diet for Z+zF Uelytth. Okorie (2010)0] 251 2 A 4=L0) A 2] AF]
juvenile olive flounder Paralichthys olivaceus(% of dry matter 2 wjEAtE ] AR TELLS 5 g X]o]o] 72 4.83% BW/day,

S oH=ET

basis) 10 g |0} o] A9 4.52% BW/day2 B 11| glom, B 112-27]
Commerdialdiet (SurHyupNod) o] o o]l 172} §ATeH 0] Lherteh. uhe 2] 7/of 18
Ingredient . g HelE ez 3t o548 gt 358 AtolAle oAl
Moisture 67 %1} 3.5% 1) 2)(Choi et al., 2008), ‘2] 2]0] 4 gl A 2] ujghA}
Crude protein 58.1 B 3gE& Aol e AT 2.63-2.78%(kim et al., 2007) 2
Crude fpid 114 22k Uehgpon], 1 ok g vhe: 57} ettt o
Crude ash 108 AR A, Ui A v, AR, AR EA Sof wet AR F
Diet Size(mm) 4.0-4.2 &< gebd = Qlrkal s Al ¢lth(Deng et al., 2003).

Table 2. Growth performance of juvenile olive flounder Paralichthys olivaceus fed commercial diet at the low and high water
temperature'

gf:g F?gs\',’/‘g arya;‘e W FW? WG SGR’ FE® PER’ Survival®
0 75 59 215° -1.20° - - 40.0°
1.0 76 97 28.1% 117> 80.4 1.39 53.4™
15 77 10.1 31.9° 1.31° 66.3 1.14 60.0°
bel%w 1 )5°C 2.0 77 11.0 4314® 1.70® 66.9 116 80.0°
ow
2.25 77 1.6 49.6° 1.94° 75.6 1.30 75.5°
25 78 118 51.7° 197 69.2 1.06 60.0°
SA? 77 1.7 52.3° 1.99° 70.0 0.92 66.7°
Pooled SEM" 0.13 0.44 3.61 0.21 355 0.06 3.61
0 55 43 223 -1.15' - - 20.0°
3.0 56 12.9 131.7° 3.82° 138.4° 2.33% 90.0°
35 55 14.0 150.3% 4.22° 136.5° 2.35° 975°
24°C 4.0 55 15.0 171.2° 4.69° 1378° 2.33% 100°
or more 425 55 15.9 1874° 4.86° 135.4%® 224" 100°
(high) 45 55 16.9 205.5° 5.07° 128.8" 2.15%° 975°
475 55 174 210.3* 5.20% 123.0° 2.12° 100°
SA® 55 179 225.6° 5.35° 109.1° 1.88" 85.0°
Pooled SEM" 0.04 0.44 13.13 0.35 2.32 0.05 462

'Values in each column with different superscripts are significantly different(P<0.05).
’SA: Satiation(2.84%)

*SA: Satiation(5.02%)

*IW: Initial Weight(g/fish)

°FW: Final Weight(g/fish)

SWG: Weight Gain(%)=(final weight - initial weight) X 100/initial weight

'SGR: Specific Growth Rate(%/day)=(log, final weight-log, initial weight/days
¥FE: Feed Efficiency(%)=(wet weight gain/dry feed intake)/100

°PER: Protein Efficiency Ratio=wet weight gain/protein intake
"Survival(%)=number of fish at end of experiment/number of fish stocked X 100
"Pooled SEM: Pooled Standard error of mean: SD/V 71.
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Table 3. Serological characteristics of juvenile oliver flounder Paralichthys olivaceus fed commercial diet at the low and high water
temperature'

Water Temp. Feeding rate (BW/day) HCT* HGB® WBC® TP’ Glucose® GOoT®
0 17.3° 9.4° 58.5° 1.1¢ 8.2 84.0°
1.0 18.8° 12.2° 66.6° 17° 1.9° 62.3°
15 16.3° 11.0* 72.4° 22 12.2° 872°
t;%'og 20 175° 12% 76.0% 2.4® 16.9° 60.6°
(low) 2.25 21.0° 12.1° 76.1% 25% 14.2° 43.2°
25 20.7° 12.0° 770° 26° 12.9° 45.9°
SA? 174° 10.0* 58.1° 22 1.9° 68.1°
""" PooledSEM 038 033 214 o014 008 426
0 28.5% 4.6° 40.0° 11° 8.5° 54.0°
3.0 28.8™ 52 58.5% 21° 16.0° 21.0°
35 22.7% 5.2° 53.8" 2.8 25.0° 17
4.0 20.9° 52 65.8™ 3.1° 22.0° 10.5°
24°((3h%h’;‘°re 425 25,4 5.2 66.2 3.1° 30.0° 13.0°
45 30.9° 5.4° 816° 3.1° 41.0° 8.5°
475 52.8° 5.3 75.7° 3.2 25.0° 9.0°
SA? 49.4° 5.2° 68.7" 3.2 13.0' 11.4°
""" Pooled®SEM 235 005 263 007 250 419

'"Values in each column with different superscripts are significantly different(P<0.05).
SA: Satiation(2.84%)

*SA: Satiation(5.02%)

*HCT: Hematocrit(%)

*HGB: Hemoglobin(%)

SWBC: White Blood Cell( x 10°ell/ug)

"TP: Total Protein(mg/dL)

8Glucose(mg/dL)

’GOT: Glutamic oxaloacetic transaminase(IU/L)

"®Pooled SEM: Pooled Standard error of mean: SD/V 7.

Y ABERPER) GlolH ApLleli 1% AP b 2O 2eld UrkNakagawa et al., 1977). Aol
A 5 $% B0, BE AeTele GOIg Aol A 2 gpelel A SR 9 3R o
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Table 4. Whole-body proximate composition and morphological parameters of juvenile olive flounder Paralichthys olivaceus fed

commercial diet at the low and high water temperature'

Feeding rate Moisture Crude protein

Crude lipid

Crude ash

Water Temp. (BWiday) %) ) %) CF* HSP VSI°
0 79.0° 69.4° 3.0° 26.9° 0.70° 0.91° 5.05°
1.0 770° 75.3° 48° 19.2° 1.00® 1.60° 6.74°
15 75.7% 4.7 176° 0.97* 2.39° 794°
below

15°C 2.0 76.5™ 73.2° 175° 1.08% 2.63* 8.02°
(low) 2.25 75.2° 73.8° 8.8° 16.6% 1.16° 2.50% 8.03°
25 75.5% 73.3° 10.3° 16.0° 1.14% 2.57% 8.14°
SA? 75.5% 75.2° 10.2° 15.3° 0.95° 2.76° 8.19%

 Pooled’ SEM 100 044 040 05 003 015 025
0 76.6° 619° 3.2° 278" 0.59° 0.82° 5.41°
3.0 76.2° 676° 8.8° 16.9° 0.92* 1.26° 713
. 35 76.3° 71.2° 8.7° 177° 0.88* 127° 741
24(;rc 4.0 76.1° 70.1%® 1.3° 15.5° 0.95® 1.44° 793*
more 425 76.2° 69.4° 1.4° 15.6° 0.92% 1.54% 798*
(high) 45 75.8° 68.8* 116° 15.7° 0.92% 154> 8.12°
475 75.5° 675° 12.5° 15.2% 0.91° 1.62% 8.03°
SA° 75.2° 63.9° 13.5° 14.7° 0.91° 1.68° 8.34°

 Pooled SEM o 076 079 104 003 005 016

'Values in each column with different superscripts are significantly different(P<0.05).

’SA: Satiation(2.84%)

*SA: Satiation(5.02%)

*CF: Condition Factor=body weight / total body length®
HSI: Hepatosomatic Index=liver weight / body weight X 100

SVSI: Visceralsomatic Index=visceral weight / body weight x 100

"Pooled SEM: Pooled Standard error of mean: SD/V 7.
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HojR) AHEA 2 ejshs £4) ATHz Table 4] Lhehy
o, A7) Fof | AR qlojA] Zeh, R e A}
g4-2of TAIglo] WAITOA A e 42, ThE AT
of ]3] £-215HA] WA Lhekid 0.l (P<0.05), W] %853}
S8 3] QlolA M e X ThE Ao s &
OI5HA =A YEFFTHP<0.05). Lee and Hur (1993)& Zu)&
12 105:7F AAA 7|0 71708 Hof o] Auuishs )
o 23}, 2% ojAo] H]ste] 4 Fhere WA|7ko] o]
Z7¥ak hul, ghala ol Aslee st on, A 7
v go] ghajo] HlSte] B ki MISHEOw, Kim et
al. (2007)2) 79} 2 AT o]of fAReE AaFo] Lherd
oF. Akl Qlof A 1427 Mk A4L7]of WA Ao o
2 7o) o] ekt o]t ol MEFREA, 52
o] wobdl42 aahfio] I4 U thARol 7adh HAu,
ofof it AbR A3 &o] L& 5ol fo] AT, of
79 48] I4 9 St S7hE A g Aol %45
of o] §Hekg ST 412 4= 9lrka 23183 9|rh(Fange and

)

Grove, 1979; Fauconneau et al., 1983). Jejsla] A Ailof
U A= HIRFE(CP) 9] A, Wi bR sa80] S7H8s
A7t wobA & A EFo] UEbE O, TR0l A= ThA] RofX]
+ o] Uebgth I HSDI WS A= (VSDe] §lo
X 0% ART) A4 7HE4E 2217k sobAl = 2ol
Uepsteh, o sole] Arja Bzo 2 lsto] Afe] A 1

% 222 po] oI 2|0 2 AREE7] tio] go] wrolx]
oha7 H %31 QJthk(Lee et al., 1996).

weba, & AFE Foke] Y-S Wi tE Y A SEEee
ALH A427)0)= 1.97-2.51% BW/day, 9&3 115-27]9]
+ 4.83-6.36% BW/day7} 2 Zo]H(Fig. 1 and Fig. 2), 0]+= 4
A viAt e S22 el B3-S & A= AR ETh

Al Al

B AT FYSATSL (LS AR A 9 A g}
9152, RP-2011-AQ-061)2] x| e] ofaf &3] iyl ch.
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Fig. 1. Broken-line analysis of specific growth rate(SGR, %) for optimum feeding rate in juvenile olive flounder Paralichthys

olivaceus fed commercial diet at low(A) and high(B) temperature.
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Fig. 2. Second-order polynomial analysis of specific growth rate(SGR, %) for optimum feeding rate in juvenile olive flounder fed

commercial diet at low(A) and high(B) temperature.
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