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Effect of feeding rates in juvenile olive
flounder (Paralichthys olivaceus) fed
commercial diet at the low and high
water temperature season.

Nam-Yong Hwang

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

ABSTRACT

This study was conducted to determine to inverstigate the effects of
feeding rates for growth of juvenile olive flounder at the low and
high water temperature season. The first experiment was conducted to
determine the evaluation of optimum feeding rate in juvenile olive
flounder at the low water temperature(below 15TC). The second
experiment was conducted to determine the evaluation of optimum
feeding rate in juvenile olive flounder at the high water

temperature(over or 247C).
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Experiment I : Evaluation of the optimum feeding
rate in juvenile olive flounder, Paralichtys olivaceus fed
commercial diet at the low water temperature season

This experiment was conducted to investigate the effects of optimum

feeding rate on growth performance, body composition, hematology and
morphology in juvenile olive flounder fed commercial extruded pellet at the
low water temperature season. Three replicated groups of fish(initial fish
mean weight of 7.7£0.13g) were fed commercial diet at the feeding rate of 0,
1.0, 1.5, 2.0, 225 and 25% Body weight(BW)/day " and Satiation
(2.84%BW /day) in experiment. Each feeding trial was conducted in 21
rectanglar plastic tanks of 30L capacity set up in a semi-recirculating system
at a sticking rate of 15 individuals in tanks. Each tank maintained at 14.8+0.
3C. The duration of trial was four weeks. At the end of feeing trial, Weight
gain(WG) and Specific-growth rate(SGR) for fish-fed at 2.25, 2.5% BW/day
and those fed to Satiation(2.64% BW/day) were significantly higher in fish
fed at 0, 1.0 and 1.5% BW/day. But there were no significant differences in
WG and SGR among fish fed at 2.0, 2.25, 2.5% BW/day and Satiation.
Survival was significantly lower in the wunfed fish than in other
treatments(P<0.05). However, there were no significant differences in
survival among fish fed at 2.0, 2.25 and 2.5% BW/day(P<0.05).

Broken line analysis on Weight gain indicated the optimum feeding rates of

juvenile olive flounder could be 2.08% BW /day.
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Experiment I[I : Evaluation of the optimum feeding
rate in juvenile olive flounder, Paralichtys olivaceus fed

commercial diet at the high water temperature season

This experiment was conducted to investigate the effects of optimum
feeding rate on growth performance, body composition, hematology and
morphology in juvenile olive flounder fed commercial extruded pellet at the
high water temperature season. Four replicated groups of fish(initial fish
mean weight of 5.510.04g) were fed commercial diet at the feeding rate of 0,
3.0, 3.5, 40, 425,45 and 4.75% Body weight(BW)/day and Satiation
(5.02%BW/day) in experiment. Each feeding trial was ‘conducted in 32
rectanglar plastic tanks of 40L capacity set up in a semi-recirculating system
at a sticking rate of 20 individuals in tanks. Each tank maintained at 25.7+0.
5C. The duration of trial was four weeks. At the end of the four weeks of
feeing trial, Weight gain(WG) and Specific growth rate(SGR) for fish fed at
4.75% BW/day and those fed to Satiation(5.02% BW/day) were significantly
higher in fish fed.at 0, 3.0,,3.5% and 4.25% BW/day. But there were no
significant differences in WG and SGR among fish fed at 4.75 BW/day and
Satiation. Survival was significantly lower in the unfed fish than in
other treatments(P’<0.05). However, there were no significant differences
in survival among fish fed at 3.5, 4.0, 425 45 and 4.75%
BW/day(P<0.05).

Broken line analysis on Weight gain indicated the optimum feeding rates of

juvenile olive flounder could be 4.76% BW /day.
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(Specific Growth Rate, %/day), @48 & (Protein Efficiency Rato,

%), Survival(%)s ZAFSIRAT. 27 54 F5E9] AL b3 2o

Weight Gain(WG, %) = (final weight - initial weight) x 100 / initial weight

Feed Efficiency(FE, %) = (wet weight gain / dry feed intake) / 100

Specific Growth Rate(SGR, %/day) = (loge final weight - loge.initial weight / days
Protein Efficiency ratio(PER, %) = wet weight gain / protein intake

Survival(%) = mumber of fish at end of experiment / number of fish'stocked x 100
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2 A 9@ FAE 5438t HIRFE (Condiciton factor, CF)

S P u. HF A 4 (Hepatosomatic  Index,. HSI)9F W& FFA| 4
(Visceral- somatic “Index, VSh= <lo] HIRIEE ZA3 AP E 373}
o 7} BdE FEFE SHSAT A7 FEEY AL s

Condition Factor(CF) =body weight / total body length’
Hepatosomatic Index(HSI) = liver weight / body weight x 100
Visceralsomatic Index(VSI) = visceral Weight / body weight x 100



7. ®AAE

e A5 FAAZE JMP program version 9.1.3 statistical software
(SAS Institute, 2004) £ One-way ANOVA testE® AA|3 &, HAHF3)
7 (LSD: Least Significant Difference) &= 3 7te] 24 (P<0.05)= #
Aot om, 44 wHALE FFF2 Broken line analysis (Robbins et al.,

1979)& ol-&3t e Ah

Table 1. Proximate analysis-of the experimental diet for. juvenile Olive

flounder(% of dry matter basis)

Commercial diet (Su-Hyup NO.4)
Extruded pellet, EP

Ingredient

Moisture(%) 6:7
Crude Protein(%) 58.1
Crude Lipid(%) 114
Crude Ash(%) 10.8
Diet Size(mm) 40 - 42
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Survival(%) =number of fish at end of experiment / number of fish stocked x 100

2)
FZ3t9 MS-222(100 ppm)Z wHHAAI AT A3 ol m AW of A
AEs ¥, micro-hematocrit ¥ H(Brown, 1980)2Z @ =43 A 1L,
cyan-methemoglobin ' ®*H(Sigma | chemical, St. Louis = MO; total
hemoglobin, procedure No: 525)° 2 & E =24 (hemoglobin, Hb)S =
AT @AEY £4S fAst] A3 dds FSaAT AYHA &

= dAEYBd B &0 80&3t ARE £ 8,000rpmell A 103t
kul

o

rjg

Kelgye)|
. =

o>,
M
ich
ol
£
o
o,
N 9
ry
ol
8
o
g
N
=~
>,
BN
o
£
=2
Mo
1%
o
8
v
il
o 2
Mo

BiurettH o 2, =F 32 (Glucose)t BAWO=Z 181 GOT(Glutamic

rr

n:E
HU
HE
1%
ol
4
v

Oxaloacetic Acid)= Reitman Frankel

a1
e,
=
oX,
M
M

/_\4
7 AYTAE suleld RASR FEse] AT HiAE AESAL

,9,



1, AOAC (Association of Official Analytical Chemists, 2000) " <]

. £

g FES AN ARH135T, 2417, 2@ E L Kjeldahl 2474 %
lshjo g EAEAT =AY A

T4 71x3 ¥, soxtec system 1046(Tacator AB, Sweden)S Al

)

= 124
!

it

2
X
=)

5
BN
St
ME
flo
N
i)

2

ol

Soxhlet F+==H o &2 EAs9h

o] 7+ R9dw TIe SAAAT. 47 5% FEso Ade oo
Zu},

Condition Factor(CF) = body Weight / total body length’
Hepatosomatic Index(HSI) = liver weight / body weight.< 100
Visceralsomatic Index(VSI) =.visceral Weight / body weight x 100

7. ZA A2
EE A9 FAAHEE JMP program version 9.1.3 statistical

software(SAS Institute, 2004) 2 One-way ANOVA tests A &, F
YA HA(LSD: Least Significant Difference)> 2 3 7ke] {94
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48 1 : A7) 4%

477k ARSI digt A ATE Table 201 UYeliddth AEE
(survival)oll $1o1A 2.0% AP TN 80% 2 7HE =2 FAVF UEIR O
225% A@T, HEF= 7Y% Zolrb iAoy, 0%, 1.0% Aol B
3 FostAl =A UEETH(P<0.05). A& (weight gain, WG)¥ L4737
& (specific growth rate, SGR)° UAA] THEF(SA)oll A 52.3%, 2.0%= 2t
Z+ 71 B FAS HIoH, 20%, 225%, 25% APt FoF 2
ol7b e, 0%, 1%, 15% AZFel vl FostAl =4 dEbET
(P<0.05). AFE & & (feed efficiency, FE)oll QA= AT 7tel] Foft At
o= § oi‘i}(P>0 05). @A % g & (protein efficiency ratio, PER)o| 2l

1.0% JdFTAAM 14%=2 7H =L TAE By, MidAss v
I AFTGAE AT EE AFFAAFYI o7t AT

Table 3> @943 &4 AH}E el slolth. Fd 7 (red blood cell,
RBC)oll oA 225% AFFE & ZE A7l s FosA =4
Ueldon, 1.0%F 25% APT+ 1.5% w8 Aol vls] §2shA
=4 YEtH(P<0.05). 3lvlE 2] E (hematocrit, HCT)ol A1A 25% 2
AFolA 71 = FAE HYon, 225% AIFTE A e AF
Toll H&] FoJshAl =A YESTH(P<0.05). 3 2= Z %] (hemoglobin, HGB)
o AolA 1.0%NA 7 =2 FAE BIoH 0% AFTE A =
E A8 793 2oz JUATHP>0.05). ¥ E - (white blood cell,
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WBQ)ell SlolAl 25% AEFlAM 7H =& FAE ERou 2.0%%
2.25% AP FoJg AFol7b glAdth T A total protein, TP S
ofx 25% APFANM M =L FAE BASH, 20%9F 225% AP

ol gt zHel7k YLATHP>0.05). &F 2= (glucose)oll 1A 2.0% 1A
M e FAE Byon, g2 Aol Hs FosA =A JEbgth
P<0.05). =3k 0% APTolAM M E& FAE BAoH, 1.0%, 25% #
TEFGA) HE FYEA HA UEETHP<0.05). GOT(glutamic
oxaloacetic acid)oll AoJA 225% A@FANA 7HF Fe& FAE YHEIHS
o, 25% AFFE ALY g2 BE AT vl FosiA A YE
% TH(P<0.05).

Table 4% FEie2 &4 Z#E yetd Zolth HIYHE(condition

factor, CE)ell dojA 225% A@TlA 7k 2 37 Yebgeu
2991 0% AR, HETFGA)E At BE AFFde F o)t
AATHP>0.05). 0% ABToA 714 FS FHE BYHoH, THELGA)R
o FostAl BEA U ERSTHP<0.05).
HSI)oll Qo] THEFSA) A 7HEH & F22 Yelykoy, 2.0%, 2.25%
2 25% AT FoAtatelzk YA FATHP>0.05). WFF FA
4= (visceralsomatic index, VSI)oll QOIA FE-L(SA) A M8 e £
Hyom 0% 1.0% AFTFE AT RE AFFde FAs 27t YE
WAl ek Th(P>0.05)

Table 5= ZojAl A& 4 ZAAE Yehd Aotk 2Tl oA
0% APToNA 806%=Z 7MY L £S5 Yegon g ZE 43
of vls] fostA E=A JeElGTh(P<0.05). 1.5%, 2%, 2.25%, 2.5% A3
Abolol= o3 Zol7h IOk (P>0.05), 1.0% AT vl E #9
Al GHAl e THP<0.05). 2 22 EEF] 9lojA] REE-H(SA)

—

b5 %A 4 (hepatosomatic  index,
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A 77.6%, 112%= 27 7HE 52 FAE Boen, R AIdTFdAME
vl FolsiAl E=A JeERETh(P<0.05). =3 25% APFE 2.25% HAPT
o= F93% zol7t AL P>0.05), 0%, 1%, 1.5%, 2% AFT-9= F2
stAl E=A e THP<0.05). 3]l oA 0% AFFolA 20.8% =
N EE FHE BYon, g ZE AT vl fos A =4 UE
YHP<0.05). WHEFOM 153%2 7FE wEe F£XE Koy, 225%,
25% AAT= 73 ZFol7b fIATH(P>0.05).

A& (body weight, BW)S ©]-&3}¢] Broken line analysisS %3
A3 A7) AR 8gol oA FHE M s AF TFFS
2.08% body weight/dayZ E}ST

e
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Table 2. Growth performance of juvenile olive flounder fed commercial

. 1
diet at low water temperature season

Diets Pooled™

0% 1.0% 15% 20% 225% 25% SA2  SEM

w? 7.5 7.6 7.7 7.7 7.7 7.8 7.7 0.03
FW* 5.9 9.7 101  11.0 1156 118 117 0.44
WG’ 215 281  319° 431" 496" 51.7° 52.3° 5.16
SGR® 12°  1.2° 1.3z 1 97 200 20° 0.21
FE’ - 80.4 663 669 756 692 700 3.55
PER® £ 1.4° 1.1 J1.1%® 1.3 ##, N9 0.06

Survival’ = 40°  534%°  60.0° 80.0° 755" 60.0° 66.7°" 3.61

'Values are means from triplicate groups of fish where the values in each row the
different superscripts are significantly different (P<0.05).

’SA: satiation (2.84%)

*IW: initial weight (g'/ fish)

“FW: final weight (g / fish)

"WG: weight gain (%) =/(final weight - initial weight) x.100. / initial weight

’SGR: specific growth rate-(%/day) = (loge final weight - loge 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.
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Table 3. Serological characteristics of juvenile olive flounder fed

. . 1
commercial diet at the low water temperature season

Diets

Pooled™
0% 1.0% 15% 20% 225% 25%  SA? SEM

RBC’ 25° 26>  22¢ 2.5° 2.9 2.7° 2.34 0.05
HCT* 17.3° 188" 163% 175 21.0° 207 17.4° 0.38
HGB’ 94°> 122  11.0°° 112 121°  12.0° 10.0® 0.33
WBC® 5857  66.6° 724> 760" 761 770° 581° 214
TP’ 1.19 7 1%8 2.2 TAo— I 2.6° 2.2° 0.14

Glucose®  82%  11.9° 122° 169° 142> ~129° 11.9° 0.68

GOT’ 84.0° 6234 872° 606 432° 459°  682° 426

'Values are means from triplicate groups of fish where the values in each row
the different superscripts are significantly different (P<0.05).

’SA: satiation (2.84%)

*RBC: red blood cell ( x 10%cell / ug)

*HCT: hematocrit(%)

*HGB: hemoglobin(%)

*WBC: white blood cell (x 10° cell /ug)

"TP: total protein: g/dL

*Glucose: mg / dL

’GOT: glutamic oxaloacetic transaminase (IU / L)

"Pooled SEM: pooled standard error of mean: SD / v/n .
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Table. 4 Morphological parameters of juvenile olive flounder fed

. . 1
commercial diet at the low water temperature season

Diet
1ets Pooled®

SEM

0% 1.0% 1.5% 20%  225%  2.5% SA’

CF  070° 1.00 097° 1.08" 116° 1.14™® 095 0.03
HSI* 091 1.60° 239" 263® 250 257 276 0.15

VSI° 505 6.74° 79T =2 Bi2%% N B.98° 8.14° 8.19° 0.25

Walues are means from triplicate groups of fish where the values in each row
the different superscripts are significantly different (P<0.05).

’SA: satiation (2.84%)

*CF: condition factor = body weight / total body length3

"HSL: hepatosomatic index = liver weight / body weight x 100

VSI: visceralsomatic index = visceral weight / body weight x 100

Pooled SEM: pooled standard error of mean: SD / /n.
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Table. 5 Whole-Body proximate composition of juvenile olive flounder

. . 1
fed commercial diet at low water temperature season.

Diets s
Pooled
0% 1.0% 15% 20% 225% 25%  SA’ SEM
Moisture A b . . . q
%) 80.6° 78.8° 7765 7765 777 773 764 0.32
0
CrU‘de e e d C b b a
, 69.6° 702° 71.0°  729° 739" 745" 752 0.66
protein(%)
Crude f e d c b b a
. 300 53 6.9 8.2 9.9 98° 112 0.65
lipid(%)
Ash(%) 200" 186 174 162" ~16.0° 154% 153° 0.42

'Values are means from triplicate groups of fish where the values in each row

the different superscripts. are significantly different (P<0.05).

’SA: satiation (2.84%)

*Pooled SEM: pooled standard error of mean: SD / /1.

,17,
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Fig 1. Broken line analysis of weight gain (WG, %) for optimum feeding
rate of juvenile . olive flounder fed commercial diet at low

temperature season:
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477k ARSI digt A ATE Table 60 UYEl AT AEE
(survival)oll 1A 4.0%, 4.25% L 4.75% AFFAM 2z 100% 2 713
2 FAE BHYOoY 425%, 4.5% HAIF= FoS zols HolA &
ATE 0% AFTF= 20%2 7P FS FAE BIYoH 1.0% AFT, T
TSA)l B8l Fo A SEA YEFRTH(P<0.05). S A& (weight gain, WG)
¥ AT & (specific growth rate, SGR)o JoJA  RHEF(SA)CI A
225.6%, 54%%2 Z4Zt 7V w2 FAE BRSO H, 475% APTE AL
B2E AT wlal fosiAl =A JERRTHP<0.05). AMS & & (feed
efficiency, FE)oll 1o]A 8.0% A4 1384%= 7} =2 FAE Y
Elrom, 4.75% AEF L TEFLSA)E A TE AYPFols Fodt
2ol 7 LA TH(P<0.05). Tl A 3k § & (protein efficiency ratio, PER)®l
ANIM 35% AFFoN| A 24%2 7 TL FXE HIoH, 475% A
T 2 BEFECAE AT BRE AFTode Fo ozt ik
(P>0.05).

Table 7& @83 24 A5 Yl solth. 2 & (red blood cell,
RBO)d 3lold 0% AFFE o2 ZE AT Hl& FstA A v
Elyrow, 3.0%, 45% AT 35%, 4.0%, 4.25%, 475% AP L
TSA)°l Bls FoJstAl =A YEFRTHP<0.05). dlvtE =P E (hematocrit,
HCT)ell 3lejA 4.75% @A 7H w2 FAE EAeH, BHE7(SA)
g A BE A@Fol vlE) FYsiA =4 JERSETHP<0.05). dAEF
¥l (hemoglobin, HGB)ol A 101X 45% AEFolAH 714 & FXE B
Ko, 475% HAPTE ALY ZE APl vl FsHA =A e
Y oH(P<0.05). 8 F(white blood cell, WBC)oll 11X 4.5% 23] -0l A
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P we FAE By 475% AP Tohe FAF Aok e 9
SKTHP>0.05). Feuf Feujdel] glojA ghaTolM 7k =2 A7 U

Bhtow 475% A= 7Y% Aolrt 1T =F 2 (glucose) ol
AAAM 45% AATFNA 7HE L& FAE HJow, b2 AFol s
FrolstAl =A YEFSTHP<0.05). F=SF 0% AP TN MY @ FAE
Hyomn, g RE AATo) vl fFolstA A e Th(P<0.05). GOT
(glutamic oxaloacetic acid)ll 1014 0% AFF= thE BE AP H
3l FostAl =& FAE B ATHP<0.05).

Table 8= #H|3tA &4 ZA#AE Yehd Aolth HI¥HE(condition
factor, CF)oll Ui 4.0% AAFANA 7HE =& 5271 et oy 0%,
475% 2 TEFSGA)E A RE AFFd= FYT Zelvt AT
(P>0.05). 0% A TN 7HE 22 FXE B oH, 475% AFdF 2L v
ETFGA) RS FolatA A YERSTHP<0.05). 117 A4 (hepatosomatic
index, HSI)oﬂ JoAA - EFSA)GA M =S FAVH vYEE o,
4.75% AdT-9t= ol gk zel7t EAl S XtH(P>0.05). 0% Aol A
7P g FA7 YElgon, g2 BE A HlE fosA A U
E}STH(P<0.05). W45 %X F3(visceralsomatic index, VSI)ol| JoJA] gH&-
SA)A 7Y =& FAS BRSO 0%,30% Z 35% AFTFE As
BE A@Fee fFoAS z2el7t YERGA 8k THP>0.05).

Table 9= ZojAl A& B4 ZAE Yehd Aol 2Tl oA
0% AFFAN 76.6%% 7HE & FXE Uggon g RE AFgT
of Hlsh F3A =A YERSTHP<0.05). 3.0%, 4.0% 2 4.25% A F ol
A o3 Zol7k YENGA A THP>0.05), 45%, 4.75% R wHET
GA)el MM = fFeletAl A YERsTHP<0.05). e gHakel ol A
35%NA 712% =% 71 L FAE HAoY, 4.0% AT F93

rl

—~
~—~—
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2ol 7F e LEA] THP<0.05). 0% AFFolM 619%% 7HF & 3

g UEigen, & 2 A@ T Hls) fFostA A e THP>0.05).
ZA g Ao DHEFSA)NA 1B5%E 7 =& FAE RIS
o, 02 TE A vl fosiA E=A YERSTHP>0.05). 0% AT
A 32%% 7FF B F7F veion, e AT HE {5
A YRS THP<0.05). 35l doiA 0% AP TelA 278% = 7
2 FAE BYon, b2 BE AFF H& FsA =A vEERT
(P<0.05). WHE-Fo| A 7} 2 FAE B0, 475% AFTo4=
g zol7b LA TH(P>0.05).

Z A& (body weight, BW)S ©]-83}d  Broken line analysisS &3
MAR 1527 XA o] 5goll oM A& mFAIRY A FFHFS

4.76% body weight/day& e},

i

i
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Table 6. Growth performance of juvenile olive flounder fed commercial

diet at the high water temperature season’'

Diets Pooled"

0%  30% 35%  40% 425%  45% 475 SA’ SEM
w’ 5.5 5.6 55 5.5 55 55 55 55 0.01
FW* 43 129 14.0 15.0 15.9 16.9 17.4 17.9 1.55
WG’ 223" 131.7° 1503°  1712°  1874°  2055° 2103" 2256° 036
SGR® 12" 38 4.7 178 4.8° 5.1° 5.2% 5.4° 0.21
FE’ - 138.4" 1365 137.8° 1354™ 1288 123.0° 109.1° 2.32
PER® . 2.3% 24 23" W, 2.7 " N 1.9¢ 0.05
Survival’ | 20° 90° 97.5° 100" 100° 97.5° 100° 85° 4.62

'Walues are means from quadruplicate groups of fish where the values in each row the
different superscripts are significantly different (P<0.05).

’SA: satiation (5.02%)

*IW: initial weight (g / fish)

“FW: final weight (g./ fish)

"WG: 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 / Vn.
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Table 7. Serological characteristics of juvenile olive flounder fed

commercial diet at high water temperature season'

Diets ”
Pooled
0%  30% 35% 40% 425% 45% 475% SA?  OEM
RBC® 3.7° 3.0° 2.9° 274 3.0° 3.2° 2.9° 3.0° 0.06
HCT 285  288™ 227%  209° 254 309" 528 494° 2.35
HGB’ 46° 5.2° 5.2° 5.2° 5.2° 5.4° 5.3° 5.2° 0.05

WBC® 40.0° 5859 538" 658™ 662  81.6° 757" 687 2.63

TP’ 1.05° 2.05¢ 2.80° 3.10°  3.10° 3.10° 315 3.20° 0.17
Glucose® | 85° 16.0° 25.0° 220 1305°  41.0° 25.0° 13.0° 2.50
GOT’ 54.0° 21.0° 754 10.5¢ 5.0° 8,51 3.9° 3.4° 419

'Values are means from quadruplicate groups of fish where the values in each
row the different superscripts are significantly different (P<0.05).

’SA: satiation (5.02%)

*RBC: red blood cell ( x 10° cell/ug)

*HCT: hematocrit(%)

*HGB: hemoglobin(%)

*WBC: white blood cell (x 10° cell/ug)

"TP: total protein: g / dL

*Glucose: mg / dL

’GOT: glutamic oxaloacetic transaminase (IU / L)

“Pooled SEM: pooled standard error of mean: SD / v/n.
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Table. 8 Morphological parameters of juvenile olive flounder fed

commercial diet at the high water temperature season'

Diets 6
Pooled

SEM

0% 3.0% 35% 4.0% 425% 45% 475%  SA’

CF 059° 092 088" 095 0927 092 091° 091" 0.03
HsrI* 08 13 13 14° 15  15™  16® 17° 0.05

vsr® 54 71° 74> 79® g 81° 8.1° 8.3% 0.16

'Walues are means from quadruplicate groups of fish where the values in each row the
different superscripts.are significantly different (P<0.05).

’SA: satiation (5.02%)

*CF: Condition Factor = body Weight / total body leng’ch3

*HSI: hepatosomatic index = liver weight / body weight x 100

°VSI: visceralsomatic index =visceral weight |/ body weight x 100

*Pooled SEM: pooled standard error of mean: SD / V.
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Table. 9 Whole-Body proximate composition of juvenile olive flounder

fed commercial diet at high water temperature season.'

Diets

Pooled?
0% 3.0% 35% 4.0% 425% 45% 4.75% SA*> SEM

Moisture A b b b b . q .
(%) 76.6° 762° 76.2 76.3 76.1 75.8 75.5 75.2 0.11
(o]
CrU‘de e c a ab b be c d
. 61.9° 676 7127 701 69.4 68.8 67.5 63.9 0.76
protein(%)
CrU‘de e d d G Yol c b a
o 3.2 8.8 8.7 11.3 11.4 11.6 12.5 13.5 0.79
lipid(%)

Ash(%) 278 169° 177> 155 156° 157° 152 147 1.04

'Walues are means from quadruplicate groups of fish where the values in each row
the different’ superscripts aresignificantly different (P<0.05).
’SA: satiation (5.02%)

*Pooled SEM: pooled standard error of mean: SD / \/ﬁ .
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Fig 2. Broken line analysis of weight gain (WG, %) for optimum feeding rate
of juvenile -olive flounder fed commercial ‘diet at high

temperature season.
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4 R ASENE F ¥ TE F ATl Huga gt

ool AZAE, A B4 2 AN A Bl E DS Fuo
2 FAYE PHo] o AgHL oM, Be ofFeldE ANBAH

A

Hole] FHel wet AP ®is vdehvds ez dEA dd

(Nakagawa et al., 1977). ¥ o]/ A2 2 FFde o] AxEZ2A F

2 SFALVF YFERF R 2olal jlow, 7H]s AREAE GPT

de 2o]i JYth(ung et al, 2006). & AFNA FAFE o]

29 gFe HE7|dE 94~122g/dLE YER} AubEQ A73

A Yete slm22R g3 10g/dL(Post, 1983)3} H| &}

W ouhd, 1427]9 B¢ 46~52g/dLE Zﬂ#%ﬂOﬂ 18 A

FAE BT Sim et al(1995)°l] o]t {2l F o

& Aol goks W rtEIYET} FAoiREA Eobd F Ut

ARAs a7l st Y& ALsta e

| Yetv= A& Btk Gordon (1968)= GOT

dAx Fag 7, Ad, dEld gt FAstE BAEA

o}A AEi7} A &&FE AW GOT FA+= S7igchal ston, g

Heom zhe] Aol &M 2 FAEo] ST HuHa o
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omn, Ado| Zanr|go] Tl nHlgte © Edtha
Kim et al(2007)¢] 79} & AFNME FARE ZaFo] vets
ZFoll olX nFL7|BT AFLr]d AAHeR ¢ =
Uetstth ol olf e W2FERA Fo] woldss 435td
g tiAbEo] ZHASHA HARL ole} R E Als AdFHE0] 2&
2ol Fedad, ofFe] Astas %}*é 2 AL S7HE A 2

o FHHo] A FFS FH AlF 5 Aokl EuEi §lth(Fange
and Grove ,1979; Fauconneau et al., 1983)

ZA&S 53 Broken line analysis #2412 %3 {X 29| (59g) &<
& WAtz AA FFES AFLT|dE 2.08% bw/day, 1F27)0E
476% bw/day® 7Zt7Zt YEISTE Okorie(2010)° &J5haA & A 4= A 2
Aag wgaltEe] B4 FFLL 55 ol AS 483% bw/day, 10g X
olo] A% 452% bw/day® HIHQSH, B AF27)0] o]Fojx AF
S} FARGH FFEol VERgE Wi gJX] X 18g WolE e r & o
E3 WidAE FFE Ao E AT F 35% W (choi et al., 2008),
WXl 2o 4goAe] Hj3AtE FFE AFAAE AT T 2.63-2.78%
(kim et al,, 2007)2 -2} YEstow, Bidfele 22 v¢2 271 yE
Wtk ol AFREY 4, oAl H, ARSE T, AIREA Tl wEt AR F

F&& ged § Jdva HaEa dtkDeng et al, 2003).

A

¢

,29,



A5 8 %

B ATE T FHolFos 7Y Bel A%HI UE WA ol
MR FEAAATY QBoT AL mFLT)e] PRl A

dE& HWiFAE FEES tHstA AAsdi. ddolwe 44 Hi
771:013g7} 554£004g9] WX Xo}2 AL&HATh AAARE (B)FEA
59 YA FFALE (extruded pellet) 4 AH-&-3F AT

Ag710l lojA FdAxole FE e AdeEs S
A3 477 AP AT, BEE (survival)dll Ao A-2.0%0A M =2 S
27F gEpg ot 225%, THEFoE foe Aozl A (P>0.05), 0%,
1.0% 277l Hlsh Fo kAl =2 B THP<0.05). 5 Al & (weight gain,
G)} YZ173% & (specific growth rate, SGR)Ol Sloj Al BHE-(SA)el 7}
T EL FAE HIOU, 2.0%, 225%, 25% AITFE Fod zolrt
§131 0™ (P>0.05), 0% ATl Bla] FestA =4 YERH(P<0.05). A
H 8 & (feed efficiency, FE)ol-QlJ = A 7tol]l Fo3t 2ol= glAidth

=

g7l oA g AA el o] FdEwis R Y AT EE 28 S
A 431 AP AT, BEE(survival)oll Q1A 4.0%, 425% L 4.75%
AYPFAAN 22t 7 =2 FAE BHAS 425%, 45% AP TFd=

ol3k o7} YERRA] 9k tH(P>0.05). 0% AdTE 7FE ¥ FAE B
Rew 1.0%9k RHETSA)Cl HIs] FolstAl @A e TH(P<0.05). S Al
& (weight gain, WG)®} U714 74 & (specific growth rate, SGR)oll 1014
FEF(SA) M =2 SRV YES ST, 475% ARTE ALY e
Il wls] FetA A JESTHP<0.05). Al & & (feed efficiency,
FE)oll 1Al 3.0% A@FNA 7HE =& FX& Uewon, 475% 43

[-'EI

ruz
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rr

T, HETGA)E A Be ddTeks o3 Aolrh llHH(P<0.05).
A &S 53 Broken line analysis 48 &3 WA X0(5-9g) <
& AR HY TFES AF27)0dE 2.08% bw/day, AF2 7=

4.76% bw/day= 7tz vrehdh
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