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Optimal Feeding Frequency for Juvenile Korean Rockfish Sebastes
schlegeli Fed Commercial Diet at Two Different Water Temperatures

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

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

We conducted two feeding trials to investigate the optimal feeding frequency of juvenile Korean rockfish Sebastes schlegeli fed a
commercial diet of expanded pellets containing 47.2% crude protein, 9.2% crude lipid, and 14.5% ash at two different water tem-
peratures. In the first experiment, triplicate groups of 20 fish with an average weight of 2 g were fed an equal amount of diet (5.97%
based on body weight) at one of six feeding frequencies (2, 3, 4, 5, 7, or 9 meals/day) for four weeks at 17.5°C. After four weeks,
we measured weight gain (WG), specific growth rate (SGR), feeding efficiency (FE), and protein efficiency ratio (PER). Fish fed
diet five meals/day grew significantly better than those fed nine meals/day. The second experiment used identical experimental
conditions and feeding regions, except the food ration was slightly less (5.92% based on body weight) and the water temperature
was increased to 20°C. After four weeks, we again measured WG, SGR, FE and PER. Fish fed seven meals/day grew significantly
faster than those fed 2, 3, 4, or 9 meals/day. Whole-body protein levels in fish fed three meals/day was higher than those fed four
meals/day in 17.5°C water, but whole-body lipids in the fish fed four meals/day was higher than those fed two meals/day in 20°C
water. A second-order polynomial analysis based on WG suggested the optimal feeding frequency for juvenile Korean rockfish was
five meals/day at 17.5°C and six meals/day at 20°C, indicating that fish reared in higher water temperature require higher feeding
frequencies.

Key words: Korean rockfish, Feeding frequency, Growth performance, Commercial diet, Water temperature
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sfobslr] 417 gko} A7k Th) = 34 BE]] itk we
A, 015 ANATE 4 Qe AR E A 277 B agh Aol.

QAo el A4 AR BB HASE ol o) AT, S8
W ARz Fol §3E 2] YROINRC, 2011), 44 Al=
FEAA] Tt AT 4] Aol A Ao e vl
2 427} 9ltk(Seo et al., 2005). E3] 2952} oF42 T H 1 )
g7 ] ol A o] Fol ] Hut opuf e} el x| o] o] =2t o]
A G 7] wioll, =2 Bzl o3t A AR FFa e
Sl At FA AV S =o17] f1R 712 e & 4 QL
o 2559l ool Al -2 At ol FakE vl A=
Fa% aQlor 2 Holo| upel Al B/do] 2EEH
(Pelletier et al., 1995), o]5&F-2] Al& A 4lof| 2520l HEFS u
ZITHChoi et al., 2002). £T]E2to] KA AFRL0-0 1822°C
o™, 23T o]F9] ARS2 S ol A= Blo] 4] Eso] A5t
E|3125C oo & A5 o MY A5k F g Choi et
al,, 2011). whepA], ZH et Aol A 28 A AR Sa5
S SR 72 AT PR TS BEHOR ALY S
=0l&= 783 A=271 E Alo|tk(Tsevis et al., 1992; Azzaydi
et al., 2000).

o] 8] Aol A of oFEol Qo AA FFZ ol thet
QTSo] BT E|glon], 1A 14 /1401(400-700 g)= 12)
43](Ruohonen et al., 1998), €&} o183 g)+= 1Y 33](Riche
etal., 2004), 23| 22}+9] H2- 6-20 g A7]of|A 1L 13] =2
A 13] Fgoh= o] At Zer Bl HQith(Lee at al,
1996). ZLeju} A Atm3a3lae oA 2719}, 4=2of| whet
o} A 4= 917] ool (Brett and Higgs, 1970), Z1]&-2} vjgt
A= Sl et 712 7hol =kl EEe ffsliAl= thefRt
ojA| 7] W 42of w2 A T34 A7 B asieh

2 AtE s Aojo A vigAR Y A FaslerE 2
Atsl7] flalf aE gl om, 2l Abrgael 2Rt oA
%9 A2/ WSt m| A= G ARSI

Mz H U

A oA 2u]E= 2ojF Fuljsto] BAdishn JF
diApsh AFAR euketglal, AddA ol A5 A17]7] S8
400 L=zl 25271 o[H] ARSSFGITE ou AR &, =2
HighAbE A4 FgSlaeel digh 27]9] AR A 49
STt ARSE217.5TollA 9 A4 FE314 A2 Hd i
7 2.01£0.03 gQl Z2u&E2F 2|15 36 L Aol 7 419
3 200t 3ukE 0 7 Fke) ufX|skeley. H A7 5
b HAF 22 175103 CE FA = ek ARS4=2 20T 2] 4

% Fa3e Aol Bt 2.03£0.03 g/l A|01E 36 L
ARZbpzo| ZF AY I o 20ufe| ] 3utkE o &2 RLARQ) ul 2|5}
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Table 1. Proximate analysis of the experimental diet for juvenile
Korean rockfish Sebastes schlegeli (% of dry matter basis)

Commercial diet

Moisture (%) 8.89
Crude protein (%) 47.21
Crude lipid (%) 9.22
Crude ash (%) 14.45
Gross energy (cal/g) 4526

Diet size (mm) 24-26

20:00), 43(08:00, 12:00, 16:00, 20:00), 53](08:00, 11:00,
14:00, 17:00, 20:00), 73](08:00, 10:00, 12:00, 14:00, 16:00,
18:00, 20:00), 93](08:00, 9:30, 11:00, 12:30, 14:00, 15:30,
17:00, 18:30, 20:00)= 2 671 2] AF LS M50, Al
TEHEFS o) AFEIE 722 HA FFF1T5TAA
= 5.97%, 20CollA+= 5.92% based on body weight)3h-< A|
g5+ SFATHINFRDI, 2011).

oHI=

o AISA At W 2l A oA Skt oA
S4L 270 A SASHAIL 4710 A TR 5, 244
ZHAAA 7] T MS-222 (100 ppm)Z HHHAIA AA A S =
Jatoieh. Ad F2 F SA8(weight gain), A= A-E(feed
efficiency), U7HdA4-&(specific growth rate), T A As &
S(protein efficiency ratio), AEE(survival)y > =4 1%L
o, AF g 15uk2]4(5 fishx 3 replicates) F-2H] A&}
o] H| 2t (condition factor), 7H5-% 4| <=(hepatosomatic index,
HSI), W32k 4] 4>(viscerosomatic index, VSIS -5 th.

UBHNE 2

7t R supEy R AdE Aol dojAle
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Table 2. Growth performance of juvenile Korean rockfish Sebastes schlegeli fed commercial diet for 4 weeks in the water temperature at

17.5C and 20C

Water Feeding frequency (meals/day)

Pooled
Temp 9
(C) 2 3 5 7 9 SEM
IW? 2.00 2.02 2.01 2.01 2.01 0.00
FW? 5.70 5.81 6.10 5.58 518 0.13
WX 185.5% 188.2% 199.3* 203.3° 177.5™ 157.1° 6.80
175 SGR® 328® 3.31%* 3.42%® 3.46° 3.18™ 2.95¢ 0.08
FE® 61.8%® 62.5® 64.5® 66.1° 58.7™ 53.1° 1.89
PER’ 1.31% 1.32% 1.37% 1.40° 1.24" 1.13° 0.04
Survival® 100 100 100 100 100 0.00
IW? 2.03 2.04 2.02 2.03 2.02 0.00
FW?® 5.29 5.32 544 58 5.05 0.10
WX 160.2° 162.5° 163.8° 168.8™ 185.1° 149.9° 4.74
20.0 SGR® 3.19° 3.22° 3.23° 3.29%® 3.49° 3.05° 0.06
FE® 70.8%® 68.6™ 70.6% 71.8* 74.8° 64.5° 1.37
PER’ 1.50% 1.45" 1.50% 1.52% 1.58° 1.37° 0.03
Survival® 100 100 100 100 100 0.00

Values are means form triplicate groups of fish where the values in each row 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) x 100 / initial weight
*SGR: Specific growth rate (%/day) = (log, final weight-log_ initial weight) x 100/ days

°FE: Feed efficiency (%) = wet weight gainx100 / dry feed intake
"PER: Protein efficiency ratio = wet weight gain / protein intake

8Survival (%) =number of fish at end of experiment / number of fish stocked x 100

9Pooled SEM: Pooled Standard error of mean: SD/¥n .

AOAC (2000) Briol| wheh 422 A7taAxR(135C, 2
A7h), Zeri RS Kieldahl A4 (N % 6.25), 23

A 3B (550T, 4 AlRHoR AT AL
S 12417 54 7A%3F 3, Soxtec system 1046 (Tacator AB,
Sweden) AH8-510] Soxhlet &/ 0. & K459}

rTI

oz
e rlo

SAXzE

E 25 2] A% 2]+ J.M.P program version 9.1.3 statisti-
cal software (SAS Institute, 2004)= one-way ANOVA test=
AABE 5, 2| 4-5-2] 2} 7 (LSD: Least significant difference)
O 2 Ptk Fo(P<0.05)= Ao, A4 33l
+ Second-order polynomial model (Zeitoun et al., 1976)E- ©]
gafo] Belahoit.

Zdat W nE

2 2ulEE 2]0] 9] 427 ARSAR Fok HARE2 WA
512 ¢koron], AAATE Table 20 LFEFH QT ARG
17.5CollA 2uEe 2]olo] FA&-2 53] Ag17} 73], 93]
Agtol| vsl f-2laHA| 2 AHs Vet glom, 23], 33], 4
S]eh= 2bo] S HolA] AUTHP>0.05). A7+, Amas,
ol Agta g A SAE 22 A7E ErhTable 2).
AREE2- 20Tl A SAET UM 73] AL 23,
33],43], 93] A9dtof B3| foJotA w2 AE e Lo
(P<0.05), 53] A9l teli= ZFo] & B o|A] (HFTH(P>0.05). At
2aEY thil A AStE &2 73] A7} 33, 93] AF
Blaf fFolstAl ¥ ATE Hehigle, 23], 43, 53] A9
Tob= Ato| S HolA| QRITH(P>0.05). 2k 4=&f| whef 453t

FEAS AR B FAST AREEE U TAIS
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Table 3. Whole-body proximate composition of juvenile Korean rockfish Sebastes schiegeli fed commercial diet for 4 weeks in the water

temperature at 17.57C and 20C

\_/I_Vater Feeding frequency . . .
(e(;g)p (meals/day) Moisture Crude protein Crude lipid Ash
2 74.0 61.3° 18.6 16.8
3 73.1 63.6° 18.9 17.7
4 725 60.1° 20.4 16.5
17.5 5 73.1 62.1° 19.7 16.3
7 73.7 62.8° 17.0 16.8
9 73.4 61.4% 18.1 17.4
Pooled SEM® 0.22 0.51 0.49 0.22
2 74.3° 63.2 16.8° 16.6
3 73.7% 61.7 20.1% 15.9
4 73.3* 62.3 21.6° 16.1
20.0 5 73.7%° 61.0 20.7° 17.0
7 72.9 62.5 20.2° 16.1
9 73.5% 61.3 20.8° 16.3
Pooled SEM® 0:18 0.34 0.68 0.15

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

SPooled SEM: Pooled Standard error of mean: SD/

o4t Z7V5Iet 2 AaRE Balrh ol AT Al
947 ol el A 8} E ook AT BA} 9
£ Holr(kim et al., 2005), Henken et al. (1985)= Al=3+
S50 F7PF adeS A ATk H A sl 2 A 4
= o] H 9] |2 2|ojef 2u]EEE e & 3t Hol 3 A
A AL At} v]S=tt AS B P o k(Lee etal., 1999; Lee et
al., 2000b), x| 71<%-o)(Oncorhynchus mykiss), ‘g A, w2
(Epinephelus akaara), 23522 A0 2 §F o} 2 o114
oA A4 TG ololA] Aol YT Ao BT
=] %I tH(Grayton and Bermish, 1977; Kayano et al., 1993; Kim
etal., 2005). o] A &Y ofFol A = AtEa Sleol o3t 4
zo] AolsHA et A2 AFeHd 27, AR, o179 4
detA of| whet A At get A 4= vk AS AlAFSEL 9l
o}, o] Hho= AA Atmd Sl -2 Hstol| 9fsf WA
Hedl, & AAEY 2 17.5C00A 19 53] 3+, 20Tl Al
19 73] g0l 7 W=7 et AL w4 et
(Table 2). o]= AF=AF] & 4x3}7] o] H| &)= AlZH(gastric
evacuation time)¥} BAsH WAL 7FA™(Grove and Craw-
ford, 1980; Grove et al., 1985), % ol(Cyprinus carpio)2}

fr wu

»Y, of

|7} 4-01(Oncorhynchus mykiss)o| A 523} A& 3-F31420]
uhet g A8FEol Y& Frhal skt Yamamoto
etal,, 2007). A% Ak o] A i dE-8 Aol osf] JoF
S Hk= 7102 B 1% Qlti(Handeland et al., 2008).

Tl 2uEE 2019 dY AY RS e SAE
AIE vE 2 2 second-order polynomial analysisZ 413}
HAL LA 17.5T oAM= 53], 20 CollA = 63]%] Ao = L}
W THFig. 1 and 2). o2 -F-ARH AX7} afe]of A HaEgle
w], 190 6217} 24 A 340l A0 LebhgrhKayano
etal., 1993). HHH, oJH|37] 6 gQl =T =2k Ao 2 3F 4]
Fol A= 24C ARE20014 1Y 13)7}F 2 AFR3 315l
Ao 51 wQltk(Lee at al., 2000b). UHHA] © & Algg3aF
& ofF, A, AR AFA] ol whet 2ol 7h ekt
H(NRC, 2011), AFREF 3= oA 27|17k 4545, e
A Ao M W s SojEs Ao HuHl
(Rowland et al., 2005).

2 ZojA| A& £4] A= Table 30 YeFW Sict ARS:
TE17.5ColA 3P E ofA| o] el EA 40 33] A
7} 43] A3t vsl F-ofsHAl Al UEhd e, 4315 A9
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Table 4. Nutritional performance of juvenile Korean rockfish Sebastes schiegeli fed commercial diet for 4 weeks in the water temperature

at 17.5C and 20C

Feeding frequency

Wat?%'l;emp (meals/day) CF* HSP vsI*
2 0.86 3.15 11.4°

3 0.88 3.23 11.7*

4 0.89 3.50 11.8*

17.5 5 0.92 3.62 12.2°
7 0.85 3.39 11.4°

9 0.79 3.17 11.1°

Pooled SEM® 0.02 0.08 0.18

2 0.83, 2.95 11.2

3 0.84° 3.16 11.2

4 0.84° 3.19 11.5

20.0 5 0.86™ 3.25 115
7 0.93° 3.29 11.5

9 0.81° 3.21 11.5

Pooled SEM® 0.03 0.05 0.06

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

CF: Condition factor = Body weight / Total body length?

SHSI: Hepatosomatic index = Liver weight / Body erlzight x 100
*VSI: Visceralsomatic index = Visceral weight / Body weight x 100
Pooled SEM: Pooled Standard error of mean: SD/
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o
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Tahe Aol HolA FUTHP>0.05). 2, 2
A, 282 A Aol felet AolS KolA gttt
P>0.05). AHG220Co A =3 oA i 24

H

o=

T w47
9] Aedt7t 23] Ag ol vls WA ek e (P<0.05), L
Q] AR5 AbolofAl= AbolE BN A] HTHP>0.05). £
o EAAT A Ao A 2ol & HolA] ehSItH(P>0.05).
oA =AY S 29]9} 43] A Afolof ARt #-2] A Q1
2pol 5 Helow, 23] AR HojAlof|lA A om e
A ghego] HEE JUTH(P<0.05). 28):2e] lojAf= A 4
Tl Al F-ol3tk Zfo| & Kol A] ARdTh. F oA o ARk
A -2 TSl whE g, o, A ol o] Rt
Sa3ol o5l S0l Al FeS HolA] ggken, o]
Aol A Hare g3l o3t HojA| AR 24 e
ALSFATHKIm et al., 2005; Kim et al., 2009).
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A7 HIRkE, A, WS E Al ol A 7 =
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Fig. 1. Second-order polynomial analysis of weight gain (WG) for
optimum feeding frequency of juvenile Korean rockfish Sebastes
schlegeli fed a commercial diet for 4 weeks at 17.5C.
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Fig. 2. Second-order polynomial analysis of weight gain (WG) for
optimum feeding frequency of juvenile Korean rockfish Sebastes
schlegeli fed a commercial diet for 4 weeks at 20C.
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