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The optimum feeding rate and frequency at
three different water temperature in juvenile

Korean rockfish (Sebastes schlegeli)

Jin-Hyeok Lee

Department of Fisheries Biology Graduate School
Pukyong National University

Abstract

These studies were conducted to investigate the effects of feeding
rates and feeding frequency for growth of juvenile Korean rockfish
at 15C, 175TC and 20TC. Three consecutive experiments were
conducted to determine the optimum feeding rate and feeding

frequency in juvenile Korean rockfish at 15C, 17.5C and 207C.
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Experiment . Optimum feeding rate and feeding
frequency at 15°C water temperature in

juvenile Korean rockfish (Sebastes schlegeli)

Two feeding trials were conducted to investigate the effects of
feeding rates and feeding frequency on growth performance, body
composition, serological and nutritional analysis in juvenile Korean
rockfish fed commercial EP at 15°C water temperature. Three
replicated groups of fish (initial fish mean weight of 2.07+0.03g)
were fed commercial diet with the different feeding rates of 1.00,
200, 250, 275, 3.00, 325 (%) BW/day and -satiation (3.34%
BW/day) at 15C+0.4°C(Irial 1). Fish were hand-fed to satiation
three times (8:00, 14:00, 20:00) a day. Ini(Irial II) three replicated
groups of fish (initial fish mean weight of 2.04+0.03g) were fed
commercial diet at the optimum feeding rates (2.87% BW/day at
15C+04°C, for 2 ' times(8:00, 20:00), 3 times(8:00, 14:00, 20:00), 4
times(8:00, 12:00, 16:00, 20:00), 5 times (8:00, 11:00, 14:00, 17:00,
20:00), 7 times(8:00, 10:00, 12:00,-14:00, 16:00, 18:00, 20:00) and 9
times(8:00, 9:30, 11:00, 12:30, 14:00, 15:30, "17:00,-18:30, 20:00). Each
feeding trial was conducted by using a semi-recirculating system
with twenty-one 36-L aquaria receiving filtered sea water maintained
at 15.040.3°C for four weeks. At the end of feeding trial I weight
gain(WG) and specific growth rate (SGR) of fish fed at 3.00% and
Satiation(3.46% BW/day) were significantly higher than those of fish fed
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1.00, 2.00 and 2.50% BW/day(P<0.05). But there were no significant
differences in WG and SGR among fish fed at 2.75, 3.00, 3.25 (%)
BW/day, and Satiation(P>0.05). While feed efficiency(FE) and protein
efficiency ratio (PER) of fish fed at 200% BW/day were
significantly higher than those of fish fed at 1.00, 3.00, 3.25 (%) and
satiation (3.34%) (P<0.05). But there were no significant differences in
FE and PER among fish fed at 2.00, 250 and 2.75(%)(P>0.05). No
mortality was recorded among fish fed all the treatments. At the
end of feeding tria 1I, WG and SGR of fish fed at 3 times were
significantly higher than those of fish fed at 7 times and 9 times(P<0.05).
But there were no significant differences in WG and SGR among fish fed
at 2 times, 4 times, 5 times(P>0.05). While FE and PER among fish fed
at 3 times were significantly higher than. those of fish fed at 7
times, 9 times(P<0.05). But there were no significant differences in FE
and PER among fish fed at 2 times, 4 times, 5 times(P>0.05). No
mortality was recorded among fish fed all the treatments.

Broken line analysis. of weight gain showed that the optimum
feeding rate and frequency for-juvenile Korean Trockfish(Sebastes
schlegeli) could be > 2.87% but-< 3.00% BW/day and > 2 times

but < 3 times respectively at 15°C water temperature.
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Experiment II. Optimum feeding rate and feeding
frequency at 17.5°C water temperature in

juvenile Korean rockfish (Sebastes schlegeli)

Two feeding trials were conducted to investigate the effects of
feeding rates and feeding frequency on growth performance, body
composition, serological and nutritional analysis in juvenile Korean
rockfish fed commercial EP at 17.5°C water temperature. Three
replicated groups of fish (initial fish mean weight of 2.02+0.03g)
were fed commercial diet with the different feeding rates of 3.00,
5.00, 550, 6.00, 6.25, 6.50 (%) BW/day and satiation (6.54%
BW/day) at 17.5C+0.3°C (Trial 1). Fish were hand-fed to satiation
three times (8:00, 14:00, 20:00) a~day. In trial II, three replicated
groups of fish (initial fish mean weight of 2.0440.03g) were fed
commercial diet at the optimum feeding rates 5.97% BW/day for 2
times(8:00, 20:00), 3 times(8:00, 14:00, 20:00), 4 times(8:00, 12:00,
16:00, 20:00), 5 times. (8:00, 11:00, 14:00, 17:00, 20:00), 7 times(8:00,
10:00, 12:00, 14:00, 16:00,-18:00, 20:00) and 9 _times(8:00,9:30, 11:00,
12:30, 14:00, 15:30, 17:00, 18:30, 20:00) in experiment. Each feeding
trial was conducted by using a semi-recirculating system with
twenty-one 36-L aquaria receiving filtered sea water maintained at
17.540.3°C for four weeks. At the end of feeding trial I, WG and
SGR of fish fed at 6.00, 6.25, 6.50(%) and satiation(6.52% BW /day) were
significantly higher than those of fish fed at 3.00 and 5.00%



BW/day(P<0.05). But there were no significant differences in WG and
SGR among fish fed at 5.50, 6.00, 6.25, 6.50(%) and Satiation(6.52%)
(P>0.05). While FE and PER of fish fed at 3.00% BW/day were
significantly higher than those of fish fed at 6.00, 6.25, 6.50(%) and
Satiation(P<0.05). But there were no significant differences in FE and PER
among fish fed at 3.00, 5.00, 5.50(%)(P>0.05). No mortality was
recorded among fish fed all the treatments. In feeding trial II, WG
and SGR among fish fed at 5 times were significantly higher than those of
fish fed at 7 times, 9 times(P<0.05). But there were no significant
differences in WG and SGR among fish fed at 2 times, 3 times and 4
times(P>0.05). While FE and PER of fish fed at 5 times were
significantly higher than those of fish fed at 7 times, 9
times(P<0.05). But there were no significant, differences in FE and PER
among fish fed at 2 times, 3 times, 4 times(P>0.05). No mortality was
recorded among fish fed all the treatments.

Broken line analysis of weight gain showed that the optimum
feeding rate and frequency for juvenile Korean rockfish(Sebastes
schlegeli) could be > 597% but < 6.00% BW/day. and > 4 times

but <5 times respectively at 17.5°C water temperature.
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Experiment Ill. Optimum feeding rate and feeding
frequency at 20°C water temperature in

juvenile Korean rockfish (Sebastes schlegeli)

Two feeding trials were conducted to investigate the effects of
feeding rates and feeding frequency on growth performance, body
composition, serological and nutritional analysis in juvenile Korean
rockfish fed commercial EP at 20°C water temperature. Three
replicated groups of fish (initial fish mean weight of 2.10+0.03g)
were fed commercial diet with the different feeding rates of 3.00,
5.00, 550, 5.75, 6.00, 6.25% BW/day and satiation (6.29% BW/day)
at 20°C(Trial I). Fish were hand-fed to satiation - three times (8:00,
14:00, 20:00) a day. In trial II, three replicated groups of fish" (initial
fish mean weight of 2.04+0.03g) were fed commercial diet at the
optimum feeding rates 592% BW/day for 2 times(8:00, 20:00), 3
times(8:00, 14:00, 20:00), 4 times(8:00, 12:00, 16:00, 20:00), 5 jtimes
(8:00, 11:00, 14:00, 17:00, 20:00), 7 times(8:00, 10:00, 12:00, 14:00,
16:00, 18:00, 20:00) and 9. times(8:00, 9:30, 11:00,+12:30, 14:00, 15:30,
17:00, 18:30, 20:00) in experiment.~Each feedingtrial was conducted
by using a semi-recirculating system with twenty-one 36-L aquaria
receiving filtered sea water maintained at 20+0.3°C for four weeks.
At the end of feeding trial I, WG among fish fed at 6.00, 6.25% and
satiation (6.28% BW/day) were significantly higher than those of fish
fed at 3.00, 5.00, 5.50(%) BW/day(P<0.05). But there were no significant
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differences in WG among fish fed at 5.75, 6.00, 6.25(%) and
satiation(P>0.05). While SGR for fish fed at 5.75, 6.00, 6.25(%) and
satiation were significantly higher than those of fish fed at 3.00, 5.00(%)
BW/day(P<0.05). But there were no significant differences in SGR among
fish fed at 5.50, 5.75, 6.00, 6.25(%) and satiation(P>0.05). FE and PER
among fish fed at 3.00, 5.00(%) BW/day were significantly higher
than those of fish fed at 5.75, 6.00, 6.25(%), satiation(P<0.05). But
there were no significant differences in FE and PER among fish fed at
3.00, 5.00, 5.50(%)(P>0.05). No mortality was recorded among fish fed
all the treatments.

Broken line analysis of weight gain showed that the optimum
feeding rate and frequency for juvenile Korean rockfish(Sebastes
schlegeli) could be > 592% but_< 6.00% BW/day and > 7 times

but < 8 times respectively at 20°C water temperature.
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(Feed Efficiency), ¥31/37& (Specific Growth Rate, %/day), T2z
2+ 8 & (Protein Efficiency Rato, %), Survival(%)< ZAFSIA
A FEE A4S bt 2o

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

;1
0%
N
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Feed Efficiency (FE, %) = (wet weight gain / dry feed intake) / 100
Specific Growth Rate (SGR, %/day) = (log. final weight - log. initial weight / days
Protein Efficiency ratio(PER, %) = wet weight gain / protein intake

Survival(%) =Number of fish at end of experiment / Number of fish stocked x 100
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Condition Factor (CF) =Body Weight / Total Body Length’
Hepatosomatic Index(HSI) = Liver weight / Body weight x 100
Visceralsomatic Index(VSl) = Visceral Weight / Body weight x 100

2E A89 BAAZYE-]MP_program _ version '9.1.3 statistical
software(SAS Institute, 2004) 2 One-way ANOVA tests AT ¥,
HAF2 AA(LSD: Least Significant Difference) &2 37t f<
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Ho

14:00, 17:00, 20:00h), 73](08:00, 10:00, 12:00, 14:00, 16:00, 18:00,

20:00h), 93](08:00, 9:30, 11:00, 12:30, 14:00, 15:30, 17:00, 18:30, 20:00h)
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S-222(100 ppm)E T} A

AARAS 2430 g 2 F 24 &(Weight Gain, %), AEEE
d Efficiency), ¥37t37%E (Specific Growth Rate, %/day), &%

3+ 8 & (Protein Efficiency Rato, %), Survival(%)< ZAbstAth 47 =

d FES AL g3 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) = (log. final weight - log. initial weight / days

Protein Efficiency ratio(PER, %) = wet weight gain / protein intake

Survival(%) =Number of fish at end of experiment / Number of fish stocked x 100

4) AP E w4

43 T, TAE ZAL R AR B4 e fke] Adof
E AN¥atr] A7A F UAZE T A AR & 7 FxT sutE A
T2 &3t MS-222(100 ppm)E FHFHAIZTE g o] mjiAg ]

oA N G ¥, micro-hematocrit ¥ (Brown, 1980)2.2 =7

o\
k

8l1l, cyan-methemoglobin " (Sigma chemical, St.-Louis MO; total
hemoglobin procedure No. 525)©2 3| Z& ZRl(hemoglobin, Hb)<
St AL £4e st AL} s A A

B2 e AR Y Ao 3083 $AE 5 3,000rpmol A
1087 dAEste WA EASH 244 ol EAIg

GOT(Glutamic Oxaloacetic Acid)®t GPT(Glutamic Pyruvic Acid)©

Reitman Frankel®] &= HA3lT}

_14_



5) Mol w8

2 FxER srtE Y PR FE5tY ZHT AAAE AREsH,
AOAC (Association of Official Analytical Chemists, 2000) ol ™

A

g FES YAz HA35T, 247, 2 AL Kjeldahl 4F
&

HM(Nx6.25), 23] A3 oz 43T =AY A& 12
NZF T4 =3 F, soxtec system 1046(Tacator AB, Sweden)S A}

AAdETE * 24 FxEE sugy 729 FE5e MS-2222 i

% = H] B % (Condiciton factor,
T A FHS) e WAFTFAT(VE) e fle AdFAE
B St SR e =8 35S LA 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) SAA

2E A59 BAAZYE JMP program -version 9.1.3 statistical
software(SAS Institute, 2004) 2 One-way ANOVA test® AT %,
HAF2 AA(LSD: Least Significant Difference) &2 37t f<
4(P<0.05)= AAsIALoH, HAA ASFTFFL Broken line analysis

(Robbins et al, 1979)& o] &3k 2Helatsich.
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713t
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R ™

A&

e

= /4210.5 80 455

T

28 36L A}

23]
A+ 9.240.5mg/L, pH

wK

7N A

= &

o

S(2.4~26mm)°] 3L ¢

<

THE-F- (Satiation, SA)
— 16 —

)
=

(extruded pellet, EP)-F4 2

=

Table 19| YEY

5%, 5.5%, 5.75%, 6% 6.25%
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T2 Urol 1Y 33(08:00, 14:00, 20:00h) F53+ATH.
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oA FAL 250 IHY FAstH, 474 A4 T8 F, AFZE
= ZA%7] flete] 24AIRE A & MS-222(100 ppm)E HHF Al A
AAFAE A 43 T5 T SH &(Weight Gain, %), AtSEE&
(Feed Efficiency), Y3t 4E (Specific Growth Rate, %/day), T2

2+ q & (Protein Efficiency Rato, %), Survival(%)= ZASIAT 471 &
d FES AL g3 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 - log. initial weight / days
Protein Efficiency ratio(PER, %) = wet weight gain / protein intake

Survival(%) =Number of fish at end of experiment / Number of fish stocked x 100

A TR F, FAE A R EAHE EAS st AP
£ ANEst7] A7A oF 24A3F 9k AA AR & A4 gz sutE
F2+e) FZEdho] MS-222(100 ppm)ZE FHAAIH T A oje] wmjRAm

ANA dAE AP F, micro-hematocrit B (Brown, 1980)l 2] 3]

& v} E 2 2] E (hematocrit, PCV)& =74 3}1l, cyan-methemoglobin

L

(Sigma chemical, St. Louis MO;._total hemoglobin procedure No. 525

~—

02 3 =ZE (hemoglobin, Hb)S ZA3%T. @R4re BAS
gt AP FAL FLuAI AEA P YAEA P2
Ao 3087 FAF & 3,000rpmol A 1087+ 942 se] WARH

st 24417 ool E4I3FH T GOT(Glutamic Oxaloacetic Acid)<}
GPT(Glutamic Pyruvic Acid)= Reitman Frankel'{ &2 #2435} %t
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5) Mol w8

2 FxER srtE Y PR FE5tY ZHT AAAE AREsH,
AOAC (Association of Official Analytical Chemists, 2000) ol ™

A

g FES YAz HA35T, 247, 2 AL Kjeldahl 4F
&

HM(Nx6.25), 23] A3 oz 43T =AY A& 12
NZF T4 =3 F, soxtec system 1046(Tacator AB, Sweden)S A}

AEdFTs & 4 2= npgy 729 FE35to] Ms222= v
% = H] B % (Condiciton factor,

STHFAFHS)E WHFTFATFVS)E $19 AP E

W2 A 2430 A7) 24 FEEY AL

the3} 72,

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) SAA

2E A89 BAAZYE JMP program  version 9.1.3 statistical
software(SAS Institute, 2004) 2 One-way ANOVA test® AT %,
HAF2 AA(LSD: Least Significant Difference) &2 37t f<
4(P<0.05)= AAsIALoH, HAA ASFTFFL Broken line analysis

(Robbins et al, 1979)& o] &3k 2Helatsich.
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Table 19 YEY

S
-

2:3}(08:00, 20:00h), 33]

o
(08:00, 14:00, 20:00h), 43](08:00, 12:00,-16:00, 20:00h), 53](08:00, 11:00,

=1
ERCH

Ho

14:00, 17:00, 20:00h), 73](08:00, 10:00, 12:00, 14:00, 16:00, 18:00,

20:00h), 93](08:00, 9:30, 11:00, 12:30, 14:00, 15:30, 17:00, 18:30, 20:00h)
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(Feed Efficiency), ¥31/37& (Specific Growth Rate, %/day), T2z
2+ 8 & (Protein Efficiency Rato, %), Survival(%)< ZAFSIA
A FEE A4S bt 2o

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

;1
0%
N
Ao

Feed Efficiency (FE, %) = (wet weight gain / dry feed intake) / 100
Specific Growth Rate (SGR, %/day) = (log. final weight - log. initial weight / days
Protein Efficiency ratio(PER, %) = wet weight gain / protein intake

Survival(%) =Number of fish at end of experiment / Number of fish stocked x 100

4) EIHE &
T, SAE Ak R @R E B4 S flske] Ao
Z Qgslr] A7A oF 4AZE S AA A F 4 Fzw suigy
F2b9] F&3ke] MS-222(100 ppm)E BEHAIZT. A ¥ojo] wjiyw

oA AL AP ¥, micro-hematocrit ¥ (Brown, 1980)° <]3

1z

ek

ofN
k

=)

L

& v} E 2 2] E (hematocrit, PCV)& =74 3}1l, cyan-methemoglobin

(Sigma chemical, St. Louis MO;._total hemoglobin procedure No. 525

~—

02 3 =ZE (hemoglobin, Hb)S ZA3%T. @R4re BAS
gt AP FAL FLuAI AEA P YAEA P2
Ao 3087 FAF & 3,000rpmol A 1087+ 942 se] WARH

st 24417 ool E4I3FH T GOT(Glutamic Oxaloacetic Acid)<}
GPT(Glutamic Pyruvic Acid)= Reitman Frankel'{ &2 #2435} %t

_20_



5) Mol w8

2 FxER srtE Y PR FE5tY ZHT AAAE AREsH,
AOAC (Association of Official Analytical Chemists, 2000) ol ™

A

g FES YAz HA35T, 247, 2 AL Kjeldahl 4F
&

HM(Nx6.25), 23] A3 oz 43T =AY A& 12
NZF T4 =3 F, soxtec system 1046(Tacator AB, Sweden)S A}

AEdFTs & 4 2= npgy 729 FE35to] Ms222= v
% U H] B % (Condiciton factor,

T A FHS) e WAFTFAT(VE) e fle AdFAE

Mg 2de AP A7 24 GRS AL

the3} 72,

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) SAA

2E A89 BAAZYE JMP program version 9.1.3 statistical
software(SAS Institute, 2004) = One-way ANOVA testE® &AS &

H A2 AA(LSD: Least Significant Difference) &2 B w#71e] {9
4 (P<0.05)= #AAsAeH, A ARFTFFS Broken line analysis

(Robbins et al,, 1979)& o] &ake] 3kolatgich,



Table 1. Proximate analysis of the experimental diet for juvenile

Korean rockfish (% of dry matter basis)

Commercial diet
Extruded pellet, EP

Moisture(%) 8.89
Crude Protein(%) 47.21
Crude Lipid(%) 9.22
Crude Ash(%) 14.45
Diet Size(mm) 24 - 26

_22_



m. 2 3
Exp 1.15T A 38& 4 353+ 4%

15C A3 T5§& A%

4573k AR g AFAH/E Table 20 YeEAATE SA&
(weight gain, WG)oll Slo1Al 3.00% A d < THETFSA)E 1.00%,
2.25%, 2.50%°l ®lsll fFoetA =A UER o (P<0.05), 2.75, 3.25% 4
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factor, CF) ZAx}o] lof, 275% 3.00% 3.25% 277} 1.00%2 ol
Hla] fo38kA E=A UERS O H(P<0.05), 2.25% 2.50%2 o} wkE
A) AP TokeE g Aol7t UEhA] kT (P>0.05). HSEAIF
hepatosomatic index, HSI)oll A= AAEFFEC] S7H1ETS S7F
st AdFe Blon, WHETSA)S 325% A Thoe Fo7E Aol
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HA AR FFEC FVHEFE FUlele AEFS B, THET(SA)
T AP Fog ZpolE HolA erUtH(P>0.05).
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15C A4 T334 A3

47700 AFAEZP tiE AHAE Table 60 HEIUHAUT FSA&
(weight gain, WG)Z el 3lo] 33 A7 73], 93] Aol Hlsj
FrolstAl =& 235 JYER Ao (P<0.05), 23], 43], 53] 9}+= ot
zZto] & HolA| U TH(P>0.05). FIH A& (specific growth rate, SGR)

of A& 22 AH}E HEhHAT. AR E S (feed efficiency, FE)3}
Sl " 738 & (protein efficiency ratio, PER) 9A] SA&3 22 2

s
S HERR AT, AEE(survival)oll M= A AFFZEA HAE

A E A I= Table 70 YERHIATE & HFE A 2] Ethemaocrit, HCT)
Az} 28] APTFIF e AFE BAoY A AGF oA /o el
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U]
rlo
i,
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il
e
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e

Table 82 F4std #4 AAE Yehd ZoJtth. HIREE(condition
factor, CF) ol oA 33 A7 78] 2Tl vl&l FolsiAl =

3 g2 AdFde Fog
ztol & HolA] UTHP>0.05). I+F A F(hepatosomatic index, HSI)
o A= 239 43] AFFVE ThE AP T vE FofsA =4
U EFSE S 1 (P<0.05), 4315 Als APt gk ZolE YER
A e }THP>0.05). W5 # A 5= (visceralsomatic index, VSI)oll 43] 4l
771 73], 93] APl Bl FeostAl =A UERR 2 U(P<0.05), 2
3], 33], 53] AT oS AolE HolA ekgkth(P>0.05).
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Table 2. Growth performance of juvenile

commercial diet at 15°C water temperature'

Korean rockfish fed

Diets
Pooled

1.00%  225%  250%  275%  3.00%  3.25% SA2 SEM

W? 2.08 2.07 207 210 2.08 210 211 0.01

Fwt 2.63 3.64 3.82 400 413 410 419 0.21
WGP 26.654 75.76°  84.98™  90.82®* 9890  95.01*®  98.49* 9.56
SGR® 0.91¢ 217 237 2.49% 2.64% 2.57% 263 0.23
FE’ 91.47>  102.08* 99.78°  94.61®  92.17>  84.69° 75.424 3.26

PER® 1.94% 2.16* 2112 2.00% 1.95% 1.79° 1.60¢ 0.07

Survival® 100 100 100 100 100 100 100 0

Walues are means form triplicate groups of fish where

different superscripts are significantly different (P<0.05).

“SA: Satiation (3.46%)

IW: Initial Weight (g / fish)
‘FW: Final Weight (g / fish)

the values in' each row the

SWG: Weight Gain (%) = (final weight.— initial weight) x 100 / initial“weight

SSGR: Specific Growth Rate (%/day). = (loge-final weight-— loge initial weight / days

"FE: Feed Efficiency (%) = (wet weight gain-/.dry feed intake)-/ 100

SPER: Protein Efficiency ratio = wet weight gain / protein intake

Survival(%) =Number of fish at end of experiment / Number of fish stocked x 100
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Table 3. Serological characteristics of juvenile Korean rockfish fed

commercial diet at 15C water temperature'

Diets Pooled

1.00%  225%  250%  2.75%  3.00% = 3.25% SA2 SEM

HCT® 27.70°%  23.80° 21.35° 35.25%  29.10°° 27207 2330 1.75

Hb* 4.89 4.97 5.06 5.23 5.26 522 5.29 0.06

GoT° 51.60 54.39 51.21 54.62 51.58 51.93 55.18 0.65

GPT® 10.41 11.97 11.28 11.48 11.60 11.30 12.30 0.23

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

’SA: Satiation (3.46%)

*HCT: hematocrit(%)

*Hb: hemoglobin(g/dL)

*GOT(AST;U/L) : Glutamic oxaloacetic transaminase (Aspartate transaminase)

*GPT(ALT;U/L) : Glutamic pyruvic transaminase (Alanine transaminase)
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Table 4. Nutritional performance of juvenile Korean rockfish fed

commercial diet at 15C water temperature'

Diets Pooled
1.00%  225%  250%  2.75%  3.00%  3.25% SA” SEM
CF 0.50¢ 0.64° 0.68™ 0.76* 0.79% 0.73% 0.71% 0.04
HsI* 1.68¢ 2.68° 2.65° 2.85° 3.37° 3.84% 3.87% 0.29
VAR 6.74% 8.23% 7.73° 8.39° 8.84™ 9.67°  10.10* 0.43

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

different superscripts are significantly different (°<0.05).

’SA: Satiation (3.46%)

*CF: Condition Factor = (Body Weight / Total Body Length®) x 100

*HSI: Hepatosomatic Index = Liver weight / Body weight x 100

5VSI :Visceralsomatic Index =

_29_
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Table 5. Whole-Body proximate composition of juvenile Korean

rockfish fed commercial diet at 15°C water temperature’

%) Diets Pooled
1.00%  225%  250%  2.75%  3.00% = 3.25% SA2 SEM
Moisture  75.76* 7527  7433° 74 36° 7425° 74927 74.62% 0.21
Crude
, 62.29 60.81 61.98 61.04 60.83 62.57 59.91 0.38
protemn
Crude b
o 12.52 18774  1894*  1860°  19.82* 1799 1927 0.94
lipid
Ash 1950 1849  1790*®  18.12*®  17.08" 17.22° 17.25° 0.33

Walues are means form triplicate groups of fish where the values

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

’SA: Satiation (3.46%)
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Fig 1. Broken line analysis of weight gain (WG, %) for optimum
feeding rate of juvenile Korean rockfish fed commercial diet at

15TC water temperature.
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Table 6. Growth performance of juvenile Korean rockfish fed

commercial diet at 15.0°C water temperature'

Diets Pooled

23] 33) 43) 53] 73 93] SEM

W2 2.04 2.03 2.03 2.03 2.05 2.03 0.00

FW? 3.56 3.75 3.60 3.53 349 3.44 0.04
WGH 74 617 84.70° 77.08%° 73.64%° 69.50° 69.96° 2.28
SGR? 1.86% 2.042 1.90?° 1.84%° 1.76° 1.77° 0.04
FE® 74.14%° 79.95% 743320 71.66%° 68.94° 68.99° 1.69

PER’ 1.57% 1.69* 157 1.52%0 1.46° 1.46° 0.04

Survival® 100 100 100 100 100 100 0

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

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
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Table 7. Serological characteristics of juvenile Korean rockfish

fed commercial diet at 15C water temperature'

Diets

Pooled
23] 33] 43] 53] 73] 93] SEM
HCT? 20.87 25.50 21.30 25.63 26.13 25.27 0.97
Hp* 4.99 540 5.10 5.23 513 5.16 0.06
GOT® 51.40 52.59 51.15 50.65 53.84 51.63 047
GPT® 12.44 10.90 11.15 10.42 10.84 12.26 0.34

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

ZRBC: red blood cell ( x 106 cell/ug)

*HCT: hematocrit(%)

*Hb: hemoglobin(%)

SWBC: white blood cell (/% 103 cell/ug)
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Table 8. Nutritional performance of juvenile Korean rockfish fed

commercial diet at 15.C water temperature'

Diets

Pooled
23| 53] 43| 53] 73] 93] SEM
CF? 0.64* 0.65% 0.65* 0.62° 0.57° 0.57° 0.01
HsP? 3.68% 3.51% 423 3.32° 319° 2.91° 0.19
Vst 1233 12.17% 13.28° 11.80%° 11.75° 11.47° 0.26

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

different superscripts are significantly different (°<0.05).

*CF: Condition Factor = (Body Weight / Total Body Length®) x 100
SHSI: Hepatosomatic Index = Liver weight / Body weight x 100
*VSI :Visceralsomatic Index = Visceral Weight / Body weight x-100
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Table 9. Whole-Body proximate composition of juvenile Korean

rockfish fed commercial diet at 15°C water temperature’

Diets Pooled
(%) _ _ _ _ _ _
23] 33] 43 53] 73] 93] SEM
Moisture 74.82 74.96 74.34 73.95 75.2 73.91 0.22
Crude
) 61.33 60.98 61.26 59.57 60.47 61.00 0.27
protemn
Crude
L 18.52 18.11 17.17 16.83 16.00 16.47 0.39
lipid
Ash 18.74 18.85 18.72 19.04 19.83 18.88 0.17

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

different superscripts are significantly different-(P<0.05).
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Fig 2. Broken line analysis of weight gain (WG, %) for optimum
feeding frequency of juvenile Korean rockfish fed commercial diet

at 15C water temperature.
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Exp I.175TC A 35& 2 373 4%
17.5C A 55 4%

457k ALFA o] e A ARE Table 1091 JERIT. SA&
(weight gain, WG)ell Slo1A 5.50%, 6.00%, 6.25%, 6.50% 4372} =t
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Table 10. Growth performance of juvenile Korean rockfish fed

commercial diet at 17.5C water temperature'

Diets Pooled

3.00%  5.00%  550%  600% = 625%  6.50% SA2 SEM

w? 2.04 2.06 2.06 2.01 2.02 2.04 2.03 0.01

Fw* 3.89 5.02 5.36 545 5.43 5.54 5.53 0.21

WGP 9067 14389 16061 17059  168.61° 17158  173.63 11.28

SGR® 215° 297° 3.19° 3.31° 3.29% 3.33 3.37° 0.16

FE’ 86.08°  77.94°°  7924%  7443>  7317°  73.01®  72.90° 1.84

PER® 1.82° 1.65 1.68° 1.58° 1558 1:55° 1.55° 0.04
Survival’> 100 100 100 100 100 100 100 0

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

’SA: Satiation (6.52%)

*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
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Table 11. Serological characteristics of juvenile Korean rockfish

fed commercial diet at 17.5°C water temperature’

Diets Pooled
3.00%  500%  550%  600%  625%  650% SA” SEM
HCT® 27.83% 3063  31.03*  27.83" 2837 2740  2280° 1.02
Hb* 547 5.57 5.50 5.27 5.23 5.43 5.60 0.05
GoT® 52.13 51.87 51.08 52.73 53.83 50.23 52.41 0.44
GPT® 10.41 11.97 11.28 11.48 11.60 11.30 12.30 0.23

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

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

’SA: Satiation (6.52%)
*HCT: hematocrit(%)
*Hb: hemoglobin(g/dL)

*GOT(AST;U/L) : Glutamic oxaloacetic transaminase (Aspartate transaminase)

*GPT(ALT;U/L) : Glutamic pyruvic transaminase (Alanine transaminase)
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Table 12. Nutritional performance of juvenile Korean rockfish fed

commercial diet at 17.5°C water temperature’

Diets Pooled
3.00%  500%  550%  600%  625%  650% SA” SEM
CF 0.64° 0.80° 0.81°° 0.82°° 0.85% 0.82°° 0.89 0.03
HSI* 1.67° 3.23% 3.28% 3.33% 3.34% 3.40° 3.61% 0.25
Vs 9.02° 1207 1175 1223 1214 1221° 1228 0.45

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

different superscripts are significantly different (°<0.05).

’SA: Satiation (6.52%)

*CF: Condition Factor = (Body Weight / Total Body Length®) x 100

*HSI: Hepatosomatic Index = Liver weight / Body weight x 100

5VSI :Visceralsomatic Index =
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Table 13. Whole-Body proximate composition of juvenile Korean

rockfish fed commercial diet at 17.5°C water temperature’

. Diets Pooled
(%)

3.00%  500%  550%  600%  625%  650% SA2 SEM

Moisture 74.78 73.25 73.92 74.14 74.05 74.01 73.43 0.19

Crude b b b b b b
. 64.75% 62.67% 61.42° 61.75% 60.75% 59.39 60.99% 0.64
protemn
Crude b
liid 15.95 19.11* 19.72% 19.73* 19.74* 20.35% 19.53* 0.55
ipi

Ash 19.93? 17.32P 17.77° 16.86°  18.07°°  18.48®  17.95%® 0.37

'Values are means form triplicate groups of fish where the values in each row the
different superscripts are significantly different-(P<0.05).
’SA: Satiation (6.52%)
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Fig 3. Broken line analysis of weight gain (WG, %) for optimum
feeding rate of juvenile Korean rockfish fed commercial diet at

17.5TC water temperature.
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Table 14. Growth performance of juvenile Korean rockfish fed

commercial diet at 17.5C water temperature'

Diets Pooled

23] 33) 43) 53] 73 93] SEM

W2 2.00 2.02 1.99 2.01 2.01 2.01 0.00

FW? 5.70 5.81 597 6.10 558 5.18 0.13
WGH 185.5% 188.2%° 199.3% 203.3 177.5% 157.1¢ 6.80
SGR? 3.280 3.31% 3.42% 3.46% 3.18% 2.95¢ 0.08
FE® 61.75% 6246 64.45%° 66.05 58.72% 53.12¢ 1.89

PER’ 1.31% 1.32% 1372 1.40% oA 1.13¢ 0.04

Survival® 100 100 100 100 100 100 0

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

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
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Table 15. Serological characteristics of juvenile Korean rockfish

fed commercial diet at 17.5°C water temperature’

Diets Pooled
23] 53] 43| 53] 73] 93] SEM
HCT® 21.80%° 21.77% 30.33° 22.97% 25.67°° 17.37° 1.78
Hb* 5.57 5.57 5.67 5.80 5.63 5.10 0.10
GoT° 51.37 52.48 51.60 48.95 52.67 52.58 0.58
GPT® 11.26 10.93 11.64 10.79 10.18 11.83 0.25

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

HCT: hematocrit(%)

*Hb: hemoglobin(g/dL)

*GOT(AST;U/L) : Glutamic oxaloacetic transaminase (Aspartate transaminase)

°GPT(ALT;U/L) : Glutamic pyruvic transaminase (Alanine transaminase)
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Table 16. Nutritional performance of juvenile Korean rockfish fed

commercial diet at 17.5°C water temperature’

Diets Pooled

23 33 43 53] 73 93| SEM

CF* 0.86 0.88 0.89 0.92 0.85 0.79 0.02
HSP 3.15 3.23 3.50 362 3.39 3.17 0.08
VSIt 11.40° 11.70% 11.77% 12.24° 11.38" 11.09° 0.18

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

*CF: Condition Factor = (Body Weight / Total Body Length®) x 100

SHSI: Hepatosomatic Index = Liver weight / Body weight x 100

*VSI :Visceralsomatic Index = Visceral Weight / Body weight x-100
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Table 17. Whole-Body proximate composition of juvenile Korean

rockfish fed commercial diet at 17.5°C water temperature’

(%) Diets Pooled
23] 53] 43| 53] 73] 93] SEM
Moisture 74.00 73.05 72.50 73.10 73.74 73.35 0.22
Crude " o " " "
) 61.25% 63.63% 60.09 62.13% 62.81% 61.42% 0.51
protein
Crude
o 18.56 18.91 20.42 19.69 16.97 18.12 0.49
lipid
Ash 16.77 17.72 16.54 16.30 16.80 17.44 0.22

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

different superscripts are significantly different (P<0.05).
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Fig 4. Broken line analysis of weight gain (WG, %) for optimum

feeding frequency of juvenile Korean rockfish fed commercial diet

at 17.5C water temperature.
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Table 18. Growth performance of juvenile Korean rockfish fed

commercial diet at 20C water temperature'

Diets Pooled
300%  500%  550%  575%  6.00%  6.25% SA” SEM
we 2.19 2.19 2.17 2.17 2.22 2.16 2.15 0.01
FW* 4.23 6.09 6.32 6.51 6.82 6.68 6.56 0.34
WG 93.3¢ 177.8°  191.5™ 1994 2075 2099  2051% 15.6

SGR® 2.53¢ 3.93% 412 4,222 4322 4342 429 0.24

FE’ 91.772 91.60°  86.92®* 8539  8302%4  81.00¢  79.13d 1.86
PER? 1.942 1.942 1.847° 1.81% 1.76%4 1.72¢ 1.68¢ 0.04
Survival® 100 100 100 100 100 100 100 0

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

’SA: Satiation (6.29%)

*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

_55_



Table 19. Serological characteristics of juvenile Korean rockfish

fed commercial diet at 20°C water temperature'

Diets Pooled

3.00%  5.00%  550%  575%  6.00% = 625% SA2 SEM

HCT? 17.30° 31.63* 32.30% 30.10* 32.55% 37.50% 33.87% 241

Hb* 4.84 5.00 5.15 5.18 5.25 524 5.27 0.06

GoT° 52.54 51.28 51.92 52.75 52.07 51.40 5242 0.21

GPT® 11.45 10.02 10.35 10.58 11.83 11.15 11.95 0.28

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

’SA: Satiation (6.29%)

*RBC: red blood cell ( x 106 cell/ug)

*HCT: hematocrit(%)

°Hb: hemoglobin(%)

SWBC: white blood cell ( x 103 cell/ug)
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Table 20. Nutritional performance of juvenile Korean rockfish fed

commercial diet at 20C water temperature'

Diets Pooled
3.00%  500%  550%  575%  6.00%  6.25% SA” SEM
CF 0.67¢ 0.88™ 0.85° 0.92°% 097"  0.95% 1.00? 0.04
HsI* 1.50° 2374 2.66% 2.74% 3.04% 3.26* 2.84% 0.22
Vs 6.20° 7.47° 8.112 7.92° 8.18* 7.98% 8.17% 0.27

Values are means form triplicate groups of fish where the values

different superscripts are significantly different (°<0.05).

’SA: Satiation (6.29%)

*CF: Condition Factor = (Body Weight-/ Total Body Length®) x 100

*HSI: Hepatosomatic Index =

5VSI :Visceralsomatic Index =
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Table 21. Whole-Body proximate composition of juvenile Korean

rockfish fed commercial diet at 20°C water temperature’

%) Diets Pooled
3.00%  500%  550%  575%  6.00%  6.25% SA” SEM
Moisture ~ 74.48" 7343  7305™ 7314  71.79°  73.14%  71.92° 0.35
Crude b b b b b b
) 62.05* 58.59 59.94% 59.06% 57.76 60.03* 57.84 0.57
protemn
Crude b
o 14.45 20.68* 21.40° 20.14% 22.80% 21.42% 22.81% 1.08
lipid
Ash 19.53 16.17 15.11 18.49 15.61 16.91 15.31 0.64
'Values are means form triplicate groups of fish where the values in each row the

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

’SA: Satiation (6.29%)
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Fig 5. Broken line analysis of weight gain (WG, %) for optimum
feeding rate of juvenile Korean rockfish fed commercial diet at

20C water temperature.
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Table 22. Growth performance of juvenile Korean rockfish fed

commercial diet at 20C water temperature'

Diets Pooled

23] 33) 43) 53] 73 93] SEM

W2 2.03 2.04 2.05 2.02 2.03 2.02 0.00

FW? 5.29 532 536 5.44 5.80 5.05 0.10
WGH 160.2° 162.5° 163.8° 168.8%° 185.1° 149.9° 4.74
SGR® 3.19° 3.22° 3.23P 3.29% 349 3.05° 0.06
FE® 70.792° 68.62% 70.5820 71.77%® 74.82% 64.51° 1.37

PER’ 1.50% 1.45% 1.50% 1.5220 1.58* 1.37° 0.03

Survival® 100 100 100 100 100 100 0

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

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
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Table 23. Serological characteristics of juvenile Korean rockfish

fed commercial diet at 20'C water temperaturel

Diets Pooled
23] 33| 43) 53] 73] 93] SEM
HCT? 28.17 25.93 23.67 29.90 21.00 28.90 1.39
HbB? 5.53 5.53 5.50 547 5.80 543 0.05
GoT 50.40 51.01 50.28 52.09 52.46 50.22 0.40
GPT? 11.45 10.02 10.35 10.5 11.83 11.15 11.95

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

*HCT: hematocrit(%)

*Hb: hemoglobin(g/dL)

*GOT(AST;U/L) : Glutamic oxaloacetic transaminase (Aspartate transaminase)

*GPT(ALT;U/L) : Glutamic pyruvic transaminase (Alanine transaminase)
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Table 24. Nutritional performance of juvenile Korean rockfish fed

commercial diet at 20C water temperature'

Diets

Pooled
23| 53] 43| 53] 73] 93] SEM
CF? 0.83° 0.84° 0.84° 0.86 0.93* 0.81° 0.03
HSE 2.95 3.16 3.19 3.25 3.29 3.21 0.05
VSI* 11.19 11.24 11.46 11.48 11.54 11.45 0.06

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

different superscripts are significantly different (°<0.05).
*CF: Condition Factor = (Body Weight / Total Body Length®) x 100

SHSI: Hepatosomatic Index = Liver weight / Body weight x 100

*VSI :Visceralsomatic Index = Visceral Weight/ Body weight x 100
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Table 25. Whole-Body proximate composition of juvenile Korean
rockfish fed commercial diet at 20°C water temperature’
(%) Diets Pooled
23] 53] 473] 53] 73] 93] SEM
Moisture 7425 7367 7325 7368  7293°  73.50% 0.18
Crude
. 63.24 61.66 62.32 60.96 62.47 61.32 0.34
protein
Crude b "
. 16.80 20.12° 21.55° 20.72° 20.20° 20.78° 0.68
lipid
Ash 16.63 15.87° 16.13 16.89 16.08 16.30 0.15

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

different superscripts are significantly different (P<0.05).
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at 20C water temperature.
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