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Optimum Feeding Rate and Frequency in Juvenile Korean Rockfish
Sebastes schlegeli Fed a Commercial Diet

Jin-Hyeok Lee, Kang-Woong Kim, Bong-Joo Lee, Gun-Hyun Park', Jun-Ho Lee,
Hyeon-Ho Yun' and Sungchul C. Bai'*

Aquafeed Research Center, National Fisheries Research & Development Institute, Pohang 791-923, Korea
'Department of Marine Bio-Materials and Aquaculture / FFNRC, Pukyong National University, Busan 608-737, Korea

Two feeding trials were conducted to investigate the effects of feeding rate and frequency on growth performance and body com-
position of juvenile Korean rockfish Sebastes schlegeli reared at 15.0 +0.3°C. In the first trial, three replicate fish groups averaging
2.07+0.03 g were fed a commercial diet with one of seven different daily feeding rates: 1.00%, 2.00%, 2.50%, 2.75%, 3.00%,
3.25%, and satiation (3.34%) based on body weight (BW). After four weeks of feeding, fish fed the 3% diet showed significantly
higher weight gain (WG) and feed efficiency (FE) than fish that received the other feeding rates. In the second trial, the optimum
feeding frequency was evaluated with three replicate fish groups averaging 2.04 +0.03 g. Fish were fed a commercial diet at 2.87%
BW with six different daily feeding frequencies: 2, 3, 4, 5, 7, or 9 meals. After four weeks of feeding, WG, specific growth rate, FE,
and protein efficiency rate in fish fed 3 meals d'! were significantly higher than those of fish fed 7 or 9 meals d™'. In both feeding tri-
als, proximate composition of the entire body changed depending on the feeding rate or frequency. A broken-line regression analysis
based on weight gain suggested that the optimum daily feeding rate and frequency for juvenile Korean rockfish at 15°C was 2.9%
BW d' and 2-3 meals d"!, respectively.

Key words: Korean rockfish, Feeding rate, Feeding frequency, Growth performance, Commercial diet

M B Fa Ab Y o84 o] wat ATE0] 53 9] T(Lee etal.,
1993; Kim and Bae, 1999), v|gtAlz ol 25t AALR thA] 715
S gy} FQ o] FokA] o]E9l Zu| B Sebastes schlegeli) A3} Z+2(Lee and Jeon, 1996), 37 X3} Q1 G v}
< 20109 AAkFo] 20,918E(= U oAFFA & AAFY =2 7S flste] W2 Aol 3 E AL Qivk. shARt 20 =
20%)C.2 =] o FA oA F HAZ YAkl W2 o F 2hS v A ol A AR o 9fofl o], A,
O|tHFAO, 2012). th o3} 7R 2 ZulEete] A4k & 59 ¢ g aclef oA B G2 H=th(Choi et
3 FAF DGR 7HE T8 S vIAE AL AR al., 200). wheha], QFAlof o] that 3tet ALz 7} 7atE] ol et
1, & A7 9112 50-60%01 ©] 2tHCho et al., 2006). AA = ojRghg ol whE Almgrdiio] A= o] FolAA] o
7HA] 295 oFA 0] mEAQl Tejet A S Sl WA d AR RS0 B AL, A e A & HR FARE
W2 Aso] YU vigALR TS sl g o o] dofd = 37| WiZoll(Kim etal.,, 2005), &2 AL=35
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Hpo] Sl AL g Ul o) Al S nlA QFalelR
= Hr} §8% 0 g A 4= Q1S Flo|t(Tsevis et al., 1992;
Azzaydi et al., 2000).

5 /KL_

AR S A SHEN SH 3T U ol Frit tha,
o} 570 A TA I AR l o% & HH=th(Ng et al., 2000;
Mihelakakis et al., 2002). S}FA|WF A2 2740 wha} o7
O Al A ol A A & JaFe v 4= 371 tfHT"ﬂ(Brett
and Higgs, 1970), ti4} o]0l tigt vigAta SFAA7E 24
A S A5 AR R B e 3 H] v
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AlSiAlz & AA
A 1o ARE AR EE 2 2]0] 2] Y- viRkAL
B(EY, 17 23S)0) 1 YR E yo 2 =1 8.89%, ZTuH
A 47.21%, ZA 9.22%, Z3|E 1445%2 Ugkom, Zo]
XA 4526, AbR 7] 2.4-2.6 mmQl AlRE ARESSITH 4
AR TEEES oA BAY 1.00%, 2.25%, 2.5%, 2.75%, 3%,
3.25% 9 THEFH(SA) S &2 F T ARTE T, 1Y 33
(08:00, 14:00, 20:00h)o] Lo ZFalct. Ag20) ARE
AA R A 135U AR Z YT AR
A9 19 A F5E AU IO R ofA52 2.87%E Algt
TEsrgon, 3314 19 23)(08:00, 20:00h), 33](08:00,
14:00, 20:00h), 43](08:00, 12:00, 16:00, 20:00h), 53](08:00,
11:00, 14:00, 17:00, 20:00h), 72](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) 2 & 77]2] A= HAslo] A

Zu]E

Holof|A &Yt FOo & Lol Fskaitt.
od =8

oA &7 a2 AY 13} 2014 FUstlen, 25
of| gHH F7F S5kt AHES S| flske] 24417 A
AIAZ1 3 MS-222 (100 ppm)& uFH A A AR HA S 245}
Ack A £= 3?«% J-&(Weight gain, WG), AFE &-&(Feed

efficiency, FE), d7Hd7-E(Specific growth rate, SGR), T
273}k &(Protein efficiency ratio, PER), A <&&(Survival)<
=7 shglom, A% et 15uk2] 4 (5 fish x 3 replicates) F-2
9] Aei5to] BlukE(Condition factor, CF), 7+ Z&A]4~(Hepa-
tosomatic index, HSI), WA S R|4(Viscerosomatic index,
VSDE Z7435}15tt

ol

Q| VS|
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=
0x

HI

=
i

2 spof A supe|H ARl = F2E5to] A3 oAl E A
2519.0.0], AOAC (AOAC, 2000) H#lo] whe} 4220 A3}
7t (135, 24171, ZEHEL Kjeldahl 242

2-1-"0

(Nx6.25), 23132 5 ]opy 0 2 HAshgich 2432 4
22 1247 $2 728 F, Soxhlet FEW 0.2 BA5Hor}

(Soxtec system 1046, Tacator AB, Sweden).
sAXzE

RE 2479 EAX2]= IM.P program version 9.1.3 sta-
tistical software (SAS Institute, 2004)5 ©]-8-3}%] One-way
ANOVA testS AASF &, 2|4 §-2)2F AA(LSD: Least Sig-
nificant Difference)S AA|510] H7H] 3-2JA(P<0.05)
Hretelnt. 44 Al F5ET 3534= Broken line re-
gression analysis (Robbins et al., 1979)2} Second-order poly-
nomial model (Zeitoun et al., 1976) o]-8-5}o] A3t}
HEAS AZES mean+ SDE #7] EQic).
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Table 1. Growth performance of juvenile Korean rockfish Se-
bastes schlegeli fed a commercial diet for 4 weeks' (Exp. 1)

4 BEEY 35 755

Table 2. Growth performance of juvenile Korean rockfish Se-
bastes schlegeli fed a commercial diet for 4 weeks' (Exp. 2)

Feeding

8 . 9
rate % PER® Survival

IW*  FW' WG® SGR® FE’

100 208 263 26.65" 0.91° 91.47™ 1.94° 100
225 207 364 7576° 2.17° 102.08° 2.16° 100
250 207 3.82 84.98™ 2.37™ 99.78" 2.11* 100
275 210 4.00 90.82* 2.49® 94.61” 2.00® 100
300 208 413 98.90° 2.64° 9217™ 1.95° 100
325 210 410 95.01® 257 84.69° 1.79° 100
SA? 211 419 98.49" 263° 7542° 160° 100

001 021 95 023 326 0.07 0.00

Feeding
frequency IW*  FW®* WG' SGR® FE® PER’ Survival®
(meals/day)

2 2.04 356 74.61* 1.86® 74.14° 157 100

3 203 375 84.70° 2.04° 79.95" 1.69° 100
4 203 360 77.08® 1.90" 74.33° 1.57° 100
5 2.03 3.53 73.64% 1.84* 71.66® 1.52° 100
7 2.05 349 69.50° 1.76° 68.46° 1.46° 100

9 2.03 344 69.96° 1.77° 68.99° 1.46° 100

Pooled

SEM® 0.00 0.04 228 0.04

169 0.04 0.00

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

2SA: Satiation (3.46%)

STW: 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_ ini-
tial weight)>x100 / 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

1%Pooled SEM: Pooled standard error of mean: SDA/n.

Zn Y DY
281 (5 A=SES)

Age7]o] uj et Aol Ao 457k0) AA AR
28 AFEAT A AT A 100%2] AZL-S HTHTable
). A4 355 Aol gt 42 3= Table 10 UERHL
ok SAET ATHIAE2 3.00%2t THEE T1Eol A 2.75%,
3.25% AFe} ApolE Holx| FOLKP>0.05), 1.00%,
225%, 2.50% Aol 8] FolH 0w o ghe ey gl
TH(P<0.05). ol= AHR THET olF0] 4% Abolo] Ak
= B2l oA AFe} fAfet A3 ck(XiaoJun and Ruyung,
1992; Adebayo et al., 2000; Ng et al., 2000; Mihelakakis et
al,, 2002). &, o7} 23 AFRE A FSHA] kA =H A

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

2IW: Initial weight (g/fish)

SFW: Final weight (g/fish)

*WG: Weight gain (%) = (final weight - initial weight)x100 / initial
weight

*SGR: Specific growth rate (%/day) = (log, final weight - log_ ini-
tial weight)x100 / days

°FE: Feed efficiency (%) = (wet weight gain / dry feed intake)x 100
"PER: Protein efficiency ratio = wet weight gain / protein intake
8Survival (%) =Number of fish at end of experiment / Number of
fish stocked=100

%Pooled SEM: Pooled standard error of mean: SD//n.

W s a7 FEo02 224 S48 oUuAE 2RsH
w3z, o] FA| AR oy A= oA ARl 2 FIFE A,
of 0] A W AELE G vE 4 YLK Weatherley
and Gill, 1987).

Algagy ARSI S-S 225% AL 2.50%,
2.75% A= FATE 2Zol7h JIAAITHP>0.05), 1.00%,
3.00%, 3.25% A1t vHEtol] val] §-ofstA A ekt
THP<0.05). & AFolM Alraas saE0] oS 5
7}3}1—/}7} 2.25% o]‘é‘ :f__;ng_ro] 57}&_'_% uo}x]b 7361-_@
H ¢l rH(Table 2). 0] %<} y_ioﬂﬁ = AlRTFEC] oS
Az oAle A7} ) o2 FE o] S A g ao] "ojilrtar
R %] Q] o (Meyer- Burgdorff etal., 1989), Bt 2 AL=2F+F
EO| W25 oA Uolx U S5 A} 517 flsto]
2518 8-% A 71Tt BT QITH(Zoccarato et al., 1994;
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Table 3. Whole body proximate composition and biological indi-
ces of juvenile Korean rockfish Sebastes schlegeli fed a commer-
cial diet for 4 weeks' (Exp. 1)

3 - HisH
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Table 4. Whole-Body proximate composition and biological indi-
ces of juvenile Korean rockfish Sebastes schlegeli fed a commer-
cial diet for 4 weeks' (Exp. 2)

Feeding

. Crude Crude 3 4 5
rzg/ie Moisture protein lipid Ash CF° HSI® VSI

1.00 75.76° 62.29 12.52° 19.50° 0.50° 1.68" 6.74°
225 7527 60.81 18.77°18.49" 0.64° 2.68° 8.23%
250 74.33° 61.98 18.94°17.90" 0.68" 2.65° 7.73°
275 74.36° 61.04 18.60°18.12* 0.76™ 2.85° 8.39°
3.00 74.25° 60.83 19.82* 17.08" 0.79° 3.37° 8.84"
325 74.92* 62,57 17.99° 17.22" 0.73" 3.84* 9.67*
SA’  74.62% 59.91 19.27* 17.25° 0.71* 3.87° 10.10°

Pooled 0.21

SEM® 038 0.94 033 0.04 029 043

Feeding
frequency Moistre TU98 CTUde g cE2 psp vgrt
(meals/day) protein lipid

2 74.82 61.33 18.52 18.74 0.64° 3.68™°12.33%*
3 74.96 60.98 18.11 18.85 0.65° 3.51™ 12.17%
4 74.34 61.26 17.17 18.72 0.65° 4.23" 13.28"
5 73.95 59.57 16.83 19.04 0.62* 3.32° 11.80%
7 75.2 60.47 16.00 19.83 0.57° 3.19° 11.75°

9 73.91 61.00 16.47 18.88 0.57° 2.91° 11.47°

022 027 039 017 0.01 019 0.26

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

2SA: Satiation (3.46%)

*CF: Condition factor = 100 x Body weight / Total body length?
*HSI: Hepatosomatic index = Liver weight / Body weight x 100
SVSI: Viscerosomatic index = Visceral weight / Body weight x 100
Pooled SEM: Pooled standard error of mean: SDA/n.

Van Ham et al., 2003). o|g}of] &5 5°](Morone saxatilis)
A A== 1|(Sparus aurata)@t -2 € 0|50 A} FARREA
& B FohH(Hung et al., 1993; Mihelakakis et al., 2002).
HojA] dubd & 24 = Table 39 YR AT 4523
22 1.00% AFT7}2.50%, 2.75%, 3.00%0]| ¥13) {25
7] ek ol (P0.05), THE AR Toks §olat ol 1w
o) %] SRSITHP-0.05). 25 GRS A A1 oA folat
Afol & HolA| QESITH(P>0.05). AW T2 1.00% A+
7F ok A ol vl f-oskA BA ek e (P<0.05),
1.00% HAE A2t o AP H1toll= 193t Aol & B
O] Z] AUTHP>0.05). 23]+ -2 1.00% AE 7T 3.00%,
3.25%, YHgto] vl f-olahA =A UERe o (P<0.05),
2.25%, 2.50%, 2.75% A= F-oJ 7t Aol & HolA] §Fk
CHP>0.05). 274 o2 Atw 3g8°] 715 A 54
w A eko] S7keke ARk B, £ 38 At
= B BAANE 1% S5 ARt A A=
QA= Kol ¢IeFrH(Table 3). Lee and Hur (1993)2 23] &
S o= 3 1057719 "A - oA A-7IRE F¢t o
A o] ARPE WSS A=t AA7| o] dojdes

wagick. B4 AR FFES F712 Ao oAl A4 ol

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

CF: Condition factor = 100 x Body weight / Total Body Length?
SHSI: Hepatosomatic index = Liver weight / body weight x 100
4VSI: Viscerosomatic index = Visceral weight / body weight x 100
SPooled SEM: Pooled standard error of mean: SDA/n.

7Febd ol U] A8ka-& 74 Al 4= 912w (Smith, 1989),
T 23S AlrsgEll wet gt A 4 vk A
7} B 1] ¢l (Hastings, 1969). o] @t ¥]:gh A Auprt
Ao &E A 2 3 Kim et al. (2007)0]] 2J3] B 1%[3]
TAN AR FFE 1.0% 2 ) 2.2-2.8% A g ol v}
ol A| X AFFEFS Ho| 1L QIA|NE, 2.2-2.8% AlF L]
P FoakE Hold doteh AF 19 vlvte, 7h5F
A4, WA= AR aEel 571 45 A7 57
&F= Zgko] UEhg=t|(Table 3, Fig. 3), AbR 2 o] W
2.75% 3.00% 3.25% A -2 HIRH=7F1.00% A 9l o] B8y
QoA 07 =0 AE W YTHP<0.05). 2.25% 2.50%A1F I
OF FHEok= 5013t 2to] 7} UpehubA] 9RQITH(P>0.05). 1H
FA e AR FEEC] SR oA AFE Ble
U, TRELe} 3.25% Al 7ol f-oJgh Afo| & Holx] okt
THP>0.05). WEEAS I AlR saEo] S7Hders =
ofAl = S Hylon, THEe} 3.25% Adte AE At
of| -2J3l 2}o] & Koz AFYTHP>0.05). o| AL AR T EE
o] FOALE AW oL x| 2] FH o] zobx]7] wfEQl Ao
gholw]o, Shimeno et al. (1997)0f] w2 o] 7] A chAFzk
& % pentose phosphate cycleo| AFR-3-F-E0| W75HA vk
Shohal WL sHglet. &, AlRFge] 371ERE o= o

re

]

XN @ Kl % ooy of oM
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Fig. 1. Broken line analysis of weight gain (WG, %) for optimum
feeding rate of juvenile Korean rockfish Sebastes schlegeli fed a
commercial diet for 4 weeks in Exp 1.
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c
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£ 4o V= 1000+ 5443 y = -2.2662x + 87.665
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Fig. 2. Broken line analysis of weight gain for optimum feeding
frequency of juvenile Korean rockfish Sebastes schlegeli fed a
commercial diet for 4 weeks in Exp 2.

U X]7} pentose phosphate cycle= A4 NADPHE E3f X
WARO = SHAEHA TEH Y ARC 2 ekt HEHYAR
=oAL HHEste] SAA o] Hed ofZle] AW =

2o
225, {2|(Kim et al., 2010; kim et al., 2011)2} Z3]E2k
(Lee et al., 1996) o] A2} FARSE AE B, 2 A9
Aol AR ATE B h(Fig 3). 2ulEe A& 29E
uheko 2 o uigtatE o] A4 3382 broken line regression
analysis 2 F-A15F 23} o] 4| F5-2] 2.87%= FA =] $lct.

e 24 M=23E 39

Zu g Aol & LR 4710 Atm 33l It
QFH= AFTAA 100%2] BEE-E B ATH(Table 2). A=
315 A ol] ot 444 Table 2¢f Uepglch ZE
e Aol A frARE e HERIITE SAE, G3Hd
[, AR EE 3} TR Eka - gof A 33] AE7E 23], 43,

N ox, off off

O:

1.0 -
(A)
05 y =0.1031x + 0.4189
Relod 2 —
L R?=0.7726
(&)
06
0 1 1 1 1
0 1 2 3 4
Daily feeding rate (%)
51
(B)
4 |-
_ y = 0.9112x + 0.6209
0 3 R?=0.9341
T
2 -
1 L L L :
0 1 2 3 4
Daily feeding rate (%)
1"
(€)
9F  y=1.2088x +5.1499
— R?=0.8714
%)
>
7 -
5 L L L '
0 1 2 3 4

Daily feeding rate (%)

Fig. 3. Correlation between feeding rate and biological indices;
condition factor (A), hepatosomatic index (B) and viscerosomatic
index (C) of juvenile Korean rockfish Sebastes schlegeli fed a
commercial diet for 4 weeks.

53]9H= fFOJRE Aol & HolA] tom(P>0.05), 73], 93] A
3 ol 1]a 9-0lak7) 5.2 ATE LrERNITHP<0.05). 477
A7 Fet SAlE R AR B &S S FRT7 S0l
ZAAS7) 4 FEIS o4 A9 dhdhe 4TS BY
t}. o] 2I3t B gFS o] 7o AU 43t = Fok WAz A7
Qe A& Holr(kim et al., 2005), Henken et al. (1985)= A}
B3E3Y ST 43RS A ATkl HAL §kGitt o]
9} 2o A3k 2]017] ] (Lee et al., 1999)2} Z1|=2(Lee
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Fig. 4. Correlation between feeding frequency and biological indi-
ces; condition factor (A), hepatosomatic index (B) and visceroso-
matic index (C) of juvenile Korean rockfish Sebastes schlegeli fed
a commercial diet for 4 weeks.

et al., 2000b)S thAaro.z 3t LAt Lrebyttt. s1A|qk
270491 (Oncorhynchus mykiss), @ X Y #H}2](Epineph-
elus akaaraye /302 gt A-tollx= A4 TGSl o)l
A AR H ARG R e YA Ao ® B alE ltH(Grayton
and Bermish., 1977; Kayano et al., 1993; Kim et al., 2005). A}
T ago| AR Fg3l4 ool A S7FSHA] = dA2 L of
TO] 23| At A3 e AF] oA atwF v
o X wj Zolg} & th(Lee and Putnam, 1973; Page and

Andrews, 1973). A]4=27] Zul&e 2|o]o] AU AA ARF
= 34e= S48 295 v" 22 second-order polynomial
analysis&2 2413t A3} 2.73] = LElTHFig. 2).

oA LduktAgE B4 A= Table 40f Ve Q). Aukx
£ 2AAT A AR FollA Rolgt 2ol E HolA] gFekA]
(P>0.05), At 3 a3 3l7t soldos A ool fa
HHH 2 312 571t 43 H3lth(Table 4). o] 9F Al
AFAI7E A oA B Hl=d, Alrsaslaert SR
of| wheh 2|4, Shpdhs 9l o U 4] &8kgo] fadthe A
%ATHSeo et al., 2005). o] 2|3k Aib= A7) 13} v o] Ay=
Hol21 glom, Alrs Sla7t Soldas ovA S4E
o] WojA|= 21 YeaL Slok. A w29 vtk ZHE A+,
WEZAT= 30 7t S7HE 5 A7 gasske A
= & 7 th(Table 5, Fig. 4). A=3H7o] 547 27004
d 3EdT oMo R AR S E YA HW gk
el Aol At o2 Ho] Aol A FHAS
A7 & ek obje} Apzze] Aok g-g Wolmd 4 glrka
B3 59l 0m(Liu and Liao, 1999), & A& A1} 71 427} 7+
as3hiz 22 2 4 99IrhFig 4)

o4 Zulet oAl £ Aok 2el Myeong et al.
(1997)0] AT AL SAZFARNA A4 27 8eto)
A 3FE0] WHEFF2] 70-80%TtaL Bl HQlal, HatA|
%25.60 g 17]9] 23 et A AR T FIE 29 130w,
6-20 g A7|o A= 1Y 132kl B asth(Lee et al., 1996;
Lee etal,, 2000b). o] 2|3t 2352 A4 AlrddE% 3+ 3
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5 20t a a0 2 9 tiAkEo] s W = AL ¥
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