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Effect of Dietary Proteins without Vitamin Premix Supplementation on
the Growth and Body Composition of Juvenile
Black Rockfish Sebastes schlegeli

HaeYoung Moon Lee*

Aquaculture Industry Division, East Sea Fisheries Institute, National Institute of Fisheries Science, Kangneung 25435, Korea

A feeding experiment was conducted to determine the nutritional value of various dietary protein sources without a
vitamin premix supplementation in juvenile black rockfish, Sebastes schlegeli. Diets containing similar quantities of
lipid and carbohydrate with 50% crude protein from fish meal (FM)/soybean meal (SBM)/corn gluten meal (CGM),
FM only, casein/gelatin, high FM/low casein and low FM/high casein were fed to rockfish along with a commercial
rockfish diet. The diet containing only 65.6% FM and the commercial rockfish diet produced significantly greater
weight gain (WG) and feed efficiency (FE) than all other semipurified diets (SPDs); the economical diet with 52.8%
FM, 10% SBM and 5% CGM produced lower WG than the diet containing FM and commercial rockfish diet, but
FE and survival were similar both diets. Intermediate responses were observed for rockfish fed the SPD containing
32.8% FM and 27.4% casein, while SPDs containing 10% FM and 41.8% casein and 38.5% casein and 10% gelatin
yielded the lowest WG and FE. Some differences in tissue indices and body composition of rockfish were induced by
the diets containing various protein sources and levels without the vitamin premix supplementation.
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3wl Al A g AA g FR A gAY g o] 2 4l skoak Moon and Gatlin, 1989; Moon and Gatlin, 1994; NFRDI,
2 A% ]*é ST} A w2 A, AFREE(FE) 2 28-S 9 1993). Z231]&2 HepY E3hE(vitamin premix, VP) 3 7}of| A
3o FQ3F @ 47} E| %I th(Moon and Gatlin, 1991; Moon and L 53% EFAFMo]| 10% CA7} &3t= dbA A A AL AFE-
Gatlin, 1994). TH12 =2} sh7 ThlA hG-=F(Lee et al., 7] 3} thHLee and Kim, 1996). o1572] 49 ok4a o

2001)} o] 5 Tl A2 A4 5EaL Ql= Hrohn| sl F W E 2 2 4091F(NRC, 1993; NRC, 2011)0| At 3] 52to A=
d 9/E = A A $HgEF U H|-8-(Moon and Gatlin, 1991; Yan THlZ(NFRDI, 1993), W €] 2. (Yan et al., 2007), =224
et al., 2007)% A& FE 9 AEgo) §-o]& o] 9gS njie 9 wlEl C2}E (Bai and Lee, 1998; Lee et al., 2008) 5 4+
A, B, PHHEZE S RS AR B0l 001 ok @] PHEIAA ofs] WA S o
A V= U]’Q-%E 517] & 33 th(MackKenzie et al., 1993; 227} jREo|H 79, 0|5 oJokAzt sheEFd v L1} ¢
Moon et al., 1994). 2 o] 8471 Trejatchu 9 AR AES oJatol i A A H el
ABAQ) ZujBetepa) A B4R vl BRE Flele] 2 ARAR Aol HeHolch. wlE S Eae WA 7
&g ALRNES e UL e AE4er Y goll ARE-El= APAE A Al o7l 471—4%%01]*1 T= A}
stk ABAR A7 Al clre tuAelRsh AgEel $ 8 /b5 e nuldeee 44 9 A2E oel SR 4
CHNFRDI, 1993; Lee and Kang, 2006). oJu} Zv|=52}-§ A Abzof TRt ARF AT} H| w7} A A A S8 o] FofA] 11 ‘”% Al
BALRONA E A S g vkt el A YR s Aol wheta, & AdolA= VP FH7IA] 2u]Eet AAL
t B AP} 2uEete) 4% 9 AR WAL QRS = EUuANRe $7 U el ARt B 2u2
ZARBH7| = 31K TH(Lee et al., 1996a, 1996b; Lee and Kang, 2k z]0] o] AAF 9l A A Hof n]X]= RS XAV A} BT
2006; NFRDI, 2009; Lee and Choi, 2013). ¢]5] ¢Jokal
2 9% PR F 72 AR FIRUCA), Wet Mz A U
El(GE), ©1E(FM), o] 72528 @ 3H4 ofu] = Al(crystalline N
amino acid, CAA)Z $-3-3 BHA|(semipurified, SP) 7] A} =%
F(Basal diet, BD)7} =2 ARE-E| A, A-EAR 2} Bl aLs] Al AR O] AT AFEZAIRE 238 YU EL Table |
0 44l 2ol 7k e % SHSITHNRC, 1984, 1993; o Lepjolc). ofu gt chaldeize] olkAea ofu

Table 1. Composition (% dry wt.) of experimental diets

Diet Diet designation’
Ingredients FSC FM CAGE HFLC LFHC CPR
Fishmeal? 52.8 65.6 - 328 10.0
Casein® - - 38.5 274 418
Gelatin* - - 10.0 - -
Soybean meal® 10.0 - - - -
Corn gluten meal® 5.0 - - - -
Wheat flour’ 15.2 18.4 18.0 18.0 18.0 closed
Dextrin® 5.0 5.0 5.0 5.0 5.0 formula
Squid liver oil® 4.0 2.0 5.0 4.0 45
Soybean oil" 3.0 4.0 5.0 4.0 5.0
Mineral premix"! 3.0 3.0 3.0 3.0 3.0
Vitamin premix 0.0 0.0 0.0 0.0 0.0
Carboxymethyl cellulose™ 2.0 2.0 2.0 2.0 2.0
Cellulose’ 0.0 0.0 13.5 3.8 10.7
Analysis composition (% dry weight.)
Crude protein 49.8 51.2 49.6 51.7 48.5 55.5
Crude lipid 1.7 1.5 8.7 10.9 10.5 7.9
Crude ash 10.3 11.4 27 7.0 4.1 15.9

! Abbreviations used; FSC= fish meal, soybean meal and corn gluten meal; FM=fish meal, CAGE=casein and gelatin; HFLC=high-fish meal
and low-casein; LFHC=low-fish meal and high- casein; CPR= commercially pelleted rockfish. *Purchased from Koryo Co., Republic of
Korea. Produced by steam-dry method from Pollack fishmeal to contain (as g/100 g dry weight): crude protein, 69.43; crude lipid, 10.41.
SPurchased from United States Biochemical Corporation, Cleveland, Ohio, USA. * % 12 3Purchased from Sigma Chemical Co., St. Louis,
MO, USA. >%"Purchased from Cheonha Jeil Feed Co. Ltd, Busan, Republic of Korea. “Purchased from E-Hwa Oil&Fat Ind. Co. Ltd, Busan,
Republic of Korea. "Purchased from Local market, Busan, Republic of Korea. '"H-440 premix (mineral) (NAS, 1973).
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Ak 2708 Table 20 UEH SiTh A AR = T ghero]
50% )7} ¥ =E AA5E AL, ol & (fishmeal, FM)7-+= sfiAF
o} oAbl Qb 0. 7 gl ol g ) AR FM
(Moon and Gatlin, 1994) 66%% T A A= 2 AR5} T}, o]
HoFHHEM & soybean meal, FSC)7-= FM 53%0] o2&
o} Zhat oA e 2] 4 7 ¢l o) =E(soybean meal, SBM) 10%
9} #ZF e (com gluten meal, CGM) 5%= 73t A4
ol A8 AYatzct 71  (casein & gelatin, CG)T-
= gol B AR sfgro]o] wlEpul Atof] == AREES
™ (Halver, 1989), thilA a2 HA|E 7}A|2l(casein, CA)
7} Ae}el(gelatin, GEYS 242t 38.5% 2 10.0%2 7185
tH(Moon and Gatlin, 1989). 7] S-S =0]7] ¢J3te] FAMF
218 a2 91 2 (Moon and Gatlin, 1994)21 FM 33%¢] CA
27%Z 7}t 110154717 9l (high FM & low CA, HFLC)7-
S} FM 10%2} CA 42%E 75t Aol B 1714 ¢l(low FM &
high CA, LFHC)7-2 EP2 4451t} Eat, sjako] & VPS
A7ksto] et S el Aleb Bgol A AL E
Q= 21528 Al commercially pelleted rockfish grower,
CPRARE AAANRES} o ARG R v E flsto] ARE-
sioith. AR BEAAE FHeT 2ok} o
=5 A7kt AR F9] Ad g oF 10%Uel= A5t
A th(Lee et al., 1996; Lee and Kang, 2006). B3l 2 2
£ AWET GAETS 747} 18% 9} 5%% H71ste] 24 o
U z| skeFo g AT QI Filler2A] celluloseS #7183t
(Moon and Gatlin, 1994). CPRE A 9J3l L& EP= VPE 3
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oF Zro] vletylS A et Tl A, X2 9 =X HPAE, o A,
B0 9 o2 g 2 ete] o] She s Asiolct
(Lee and Choi, 2013). AtR €& 5 SBMY CGM2 717+ 0.25
mm&} 0.5 mm screen®| F2HE 24 7](RETSH GMBH 5657,
Germany)= #43t & Almo| H7FsHich AlAl2E fIst
of Babale)o] AR =S E517|(Twin-Shell Pin Intensifier
Blender, Patterson-Kelly Co., England)of| 4] 305 5<F &35}t
5, 9)47]04 22 A7shaA ohA] Eget ohg fae) of
40%2] 75 F7Isto], Ho|AEHAZI(MP) A 27 = A3
SHRCE Al AR YEal(-25C)ol HyshHA g+ At
oF At A7) 2 detsto] gskaitt.

N30l 2 AgHR)

2= FRP HF =25 o] 85to], 52408 1Y 23] Hol ¥
Foteo] AR Fold, Y ou|RRE SARE BA4AF
8.6+0.1 g (group BAIZE 302.1+3.1 g)o] xuj&e 7)o
35utE] A4S 60 L €3 FRP $=20f 3uhE 4=85t0] 14 23]
(09:00, 16:00) 7H=-© & Wo|3Fal9ic}. metma]oi iz 2
o] 2hEl A Ael=E AFAIZL Alof| 3 Limin4] &215231aL, 413
o7} Agetel wet AdER Aol 5 Liming 2453t
7} 2z0f| oo AES AX|ste], A S sto] &4
£ 5 ppm oo & FABHACE AR A 422(21.7-
24.9C)°l &5t o, A FF7]E of-&ste] 52U A

sk,

S-222 (100 ppm)= 1}
AA AAA S Sk A ER 5, FAE(WG, %), 1t

Table 2. Proximate and amino acid composition of dietary protein sources

Protein source Fish Meal Soy bean meal  Corn gluten meal  Wheat flour Casein Gelatin
Composition' (FM) (SBM) (CGM) (WF) (CA) (GE)
Moisture 54 10.8 9.6 13.0 6.5 8.4
Crude protein 73.9 51.0 49.6 1.5 93.5 97.4
Crude lipid 8.6 1.7 8.7 14 0.4 0.1
Crude ash 171 7.1 27 0.4 1.8 0.7
Crude fiber 0.8 7.1 24 0.2 0.8 0.8
Indispensable amino acid (g/100g?)/(% in protein?)
Arginine 4121713 3.427.8° 1.5%2.9% 0.5%/3.9° 3.92 7.82
Histidine 1.81.7 1.21.9 1.1/1.3 0.3/1.9 29 0.9
Isoleucine 3.4/3.7 2.3/3.7 25/27 0.5/2.9 6.3 1.5
Leucine 5.4/8.1 3.7/8.1 7.9/16.1 1.0/7.0 9.7 3.2
Lysine 5.5/4.9 3.0/4.1 0.9/1.1 0.3/1.7 79 4.0
Methionine 2.2/3.2 0.6/1.2 1.1/2.2 0.2/1.0 3.1 0.8
+Cystine* 0.71.1 0.8/1.4 0.7/15 0.4/1.8 0.3 0.2
Phenylalanine 3.0/4.4 2.4/5.5 3.1/6.0 0.7/5.0 53 2.0
+Tyrosine* 2.4/3.5 1.5/3.3 1.1/4.9 0.4/1.9 54 0.6
Threonine 3.0/4.9 1.9/4.4 1.6/3.2 0.4/3.0 4.3 2.0
Valine 3.8/4.1 2.3/13.7 2.4/ 3.1 0.6/3.4 7.4 23

'Analyzed. *See Table 5 (NRC, 1983). *See Table 1 (Lee et al., 1996). “Table 5 (Moon and Gatlin, 1991).
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SR (HSI), B]RH=(CF) W AJ&E(survival rate, %)= =
AP AT}, g F A (HSD), S A A =(IPF), FEFA
(ISD) % Z5B|(MR)E 24K ] 9fsl 2t 02 = supe| 4] 7L
EWA, A5 R 259 FAE SASIT A7 54 3
w50 Atale theat k.

Weight gain (%) = (final body wt. - initial body wt.) X 100
/ initial body wt.

Feed efficiency = (wet body wt. gain / dry feed intake) x 100

Hepatosomatic index = (wet liver wt. / wet body wt.) X 100

Condition factor = [wet body wt. (g) / body length (cm)?]
x 100

Intraperitoneal fat (IPF = intraperitoneal fat wt. X 100/ wet
body wt.)

Intestinosomatic index (ISI = intestine wt. X 100/ wet body wt.)

Muscle ratio (MR = muscle wt. X 100/ wet body wt.)

N

A

= =]
SETI

ub R AR AR, ARAR © 2 4 W Suhe)x) Tt
91 FEstel BAT HolA] @ 28-S o BAsIg0
™, AOAC (Association of Official Analytical Chemists, 1994)
HRol] wheh 22 AT A EH(135T, 2417, e
< kjeldahl EAHFHINX6.25), 22|22 2 ejeiyom
A 2AELE WES 12407 2 A2 $, Soxtec
system 1046 (Tacator AB, Sweden)& AR8-51¢] soxhlet &
Hoz ZAsHIch

sA=4

[ |

BE 272 9] A A 2]+ MiniTab (Minitab Inc., 1994)2 £
AHEAI(ANOVA testy& 2141 sfo] A1 7710] 242l Aol 7}
Q12 H(P<0.05), Duncan's multiple range test (Duncan, 1955)
B R CEC PR

Zat Y nE

AR 9 AFARR(CPR)E 36t 5247 Aot = 4
Aol A §-2] 4 21(P<0.05) 2}o] 7} YEPFTH Table 3). A E7HA|
Al Bt AS 8.6 gold 2uEE 2|oj= AR F VPREH7HA
AR S5 W el Abolof WhE ARAE ¥ 2% 3
FAZE 11.0-29.5 g&2 ok 36l 2] Z A 2ol Wt o] & %
o828 CPRe} FM7} 29.5 g2 7 &k FSGT-
7F FMAE = fo]8 02 w2257 g5 YEITHP<0.05).
HFLC= 16.0 g2 FM—ETH3-0] 4] 0 2 1gF 0 1(P<0.05),
FM=-9] ARk 7} Bt Al vebilch. LFHCH9F CG+7t
Z47F 113 g @ 11.0 g2 71 Wth(P<0.05). Z48(WG) %
BAAST AR S Ueh A A AR o whef 27-
243%= <F1082] A4 2}o| & Hti(Table 3); &, AYAL=E
% FMYES: 7161998 o) WG7F 714 =9kom], FMgHeo]
Zo] 5 A 5-914(P<0.05)0.2 WolH tHTable 3). FMo]|
M 87-239%5 FMS 71817 92 A3 7L 27-31%H T} &
0]#] © 2 =9ltH(P<0.05). FM- 7} CGTL9 LFHC 9] WG
2 27%9F 31%= 7P W2 A4S UEh i HA ARARRR A
S57]oll= RAglel 2oz yehdtt ek VPR 7} A
FALR = F 4 ¢F 30% FMo] H7tE]ojof & A o= AtmE
ok E3E, VPF7F FMARol A CPR-9F AR A% A3
Uetligleng 52U A= VPH7E7F B ashr] ok e
e

AR A E(feed efficiency, FE)2 24-90 H{|% o, Ad%
GALSE A3k UeR 9l ck(Table 3). AEAFETE & FM, FSG
2 CPR-1o)| 4] 90, 887} 858 -9 0 & =2 3k5 Vefigl
S HFLCZ} LFHCFol|A] 31 W 248 WQ)th; A w5
HFLC:= FSG % FMHth= WFA|eh, CPR-9b= F-9]% 21
Zpo) 7k QISith. A" FER ol igto] Soleo5 st
A=t £3|, CA/GE®] &H5-5 Alg+=FMo| el g g2

Table 3. Performance of juvenile black rockfish Sebastes schlegeli fed different experimental diets for 52 days"”

Diet designation® Initial body Final body Weight gain®  Feed efficiency® Condition factor ~ Survival rate

weight (g) weight (g) (% of initial wt.) (%) (wt./length®x100) (%)

FSC 8.7 26.7° 197° 902 1.782 96
FM 8.7 29.52 2392 882 1.70% 92
CAGE 8.7 11.0¢ 274 31° 1.32¢¢ 89
HFLC 8.5 16.0° 87° 59° 1.46° 88
LFHC 8.6 11.34 31¢ 24cd 1.320¢ 62
CPR 8.6 29.52 2432 85% 1.742 96
P 0.0001 0.0001 0.0001 0.0001 0.09

Pooled s.e.* 0.38 13.24 8.00 0.11 13.89

'Values are means of triplicate groups. *Values in the same row with different superscripts are significantly different (P<0.05). 3Abbrevia-
tions used; FSC= fish meal, soybean meal and corn gluten meal; FM=fish meal; CAGE=casein and gelatin; HFLC=high-fish meal and low-
casein; LFHC=low-fish meal and high- casein; CPR= commercially pelleted rockfish. “Pooled standard error of mean: SD/vn. *Weight gain
(%)= [final wet body wt. (g) — initial wet body wt. (g) / initial wet body wt. (g)] x 100. °Feed efficiency (%)= (wet body wt. gain / dry feed intake)
% 100.
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Table 4. Muscle ratio (MR), hepatosomatic index (HSI), intraperi-
toneal fat (IPF) and intestinosomatic index (ISI) of juvenile black
rockfish Sebastes schlegeli fed different experimental diets for 52
days"?

Diet designation® MR® HSIe IPF7 ISI®
FSC 28.46 2.78 1.082 1.33
FM 32.89 3.04 1.082 1.22
CAGE 28.45 2.80 021 154
HFLC 28.91 2.81 0.50° 1.42
LFHC 27.13 3.02 0.23*  1.18
CPR 30.31 3.50 1.022 1.20

P 0.11 0.15  0.0001 0.23

Pooled s.e.* 2.31 0.34 0.19 0.19

ol

==
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Table 5. Whole-body composition of juvenile black rockfish Se-
bastes schlegeli fed different experimental diets for 52 days"”

Whole-body composition (%)°

Diet designation® Moisture  Crude  Crude Ash
Protein  Lipid S
FSC 68.77° 5221 2257 13.32°
FM 68.55° 51.84>  28.79  15.20®
CAGE 7327 60.78*° 2519 17.19°
HFLC 71.31*  54.14® 1899  16.65®
LFHC 73.200  57.84*® 2020 16.95®
CPR 69.09°  54.95® 2541  13.00°
P 0.002 0.03 0.41 0.02
Pooled s.e.* 1.38 3.18 6.02 1.50

"Means of three replicate group. *Values within the same column
with different letters are significantly different (P<0.05). *Abbre-
viations used; FSC= fish meal, soybean meal and corn gluten meal;
FM=fish meal; CAGE=casein and gelatin; HFLC=high-fish meal
and low-casein; LFHC=low-fish meal and high- casein; CPR=
commercially pelleted rockfish. “Pooled standard error of mean:
SD/vn. *Means of five individual fish from each of three replicate
groups expressed as (muscle wt. /body wt.)x100. *Means of five
individual fish from each of three replicate groups expressed as
(liver wt. /body wt.)x100. 7eans of five individual fish from each
of three replicate groups expressed as (intraperitoneal fat wt. /body
wt.)x100. *eans of five individual fish from each of three replicate
groups expressed as (intestine wt. /body wt.)x100.

-5 AR Blste] 1/3 A= o] Yl

AYEE-E 62-96% (Table 3)=, Atz 5 FMo| Zhagho] whe}
A ol A AAATE 52971 AR AT A= f-2
2 Q1 2foli= R ATHP>0.05). SFA|FF oF 85:7F2] ARG ol A e 4=
2|7} 4ds] WolA= A& Kol A7 7F AR of & 2
aof mhehA EES FH o2 ATt 0] Ho gES A
712k ARl gt HER et A o8 AYZIET) whaba, A
& Folehs HollA, A o ® Fojabmol thF ShE
s o A7 A AC R A E L

VPEH7ZIA] of& ths A e 2 ghadt AFAE = 52
U7 = CPRAMZ O} FARE 437, FE B AE&S UEtol,
VP77 Uehs A Aol & 4= itk kAt FM
o] AgHA o= H7Fe AFAR M= A7 W FEO| 535 2
25 UEtHA tj249] kS Uetlisith &, WGolA =
FM tfj At 2 1= 01 SBM/CGMo] H7Fx]H A Zhash= 4
O Ueht VPRAHZIA % AlEA tiAT w7t 37t
d joll= Aol FojA s ks o 4= Stk 53] 4
A Sl A v s ofef ARG o 2u]EE X]o]9] A2 FM
o] oH0% 502 Uehto R VPRHZH S
of 418 9l gHgare: uluet AsARON A5 17
of & Aojtt. &, 2uEY 2ol & AP RS AR
A= (Lee et al., 1996; Lee and Kang, 2006) 2! A A| chai 2]

'Means of three replicate groups. *Values in the same column not
sharing a common superscript are significantly different (P<0.05).
3Abbreviations used; FSC= fish meal, soybean meal and corn glu-
ten meal; FM=fish meal; CAGE=casein and gelatin; HFLC=high-
fish meal and low-casein; LFHC=low-fish meal and high- casein;
CPRGD= commercially pelleted rockfish grower diet. “Pooled
standard error of mean: SD/vn. *Means of composite samples of
five fish from each of three replicate groups expressed on a dry-
matter basis.

& (Moon and Gatlin, 1989)+= - oFo] ALR-%] 7] 9F= 7 o]
HE21RE 2 0 & Uk om sfakel ¢l ERlofoF AR datE
YE ¢ tH(Moon and Gatlin, 1989). whehA], 21| &2} x|o]-&-
APEARE A5t AT di= AR R ALREE0]
$91M 02 71 e CAIGES] FH42hS FH0i e Fe) 7|
otel 3 @ 7} Q= A o 2 YERGTtH(Williams, 1985; Moon and
Gatlin, 1989).

AR O] UHHYE 4] ZiK(Table 1), VPF7HA] T
HYEE FM, CA, GE, SBM, CGMS T 1= 53t 17|35t
AR Ab= o] Tl up 2] 2] hEe 717} 50%%F 10% AT= %
HE&eo] A4 E 2 AR It T, 2 g9l Ppotu]
w=Ake] g ey skl SAFSFITHLee and Lee, 1994; Yan
et al., 2007). s}A|9t, 29828 AAEALE(CPR)-= T2l
2 A 3ol 56% A 8% thE AR EY w7 L
& Aom et o 9 A a7 e B e 4
Aol o1t thetbpiA) b 278 23l el 2710 nhe
S 9 A ko] A7t L agh A 0w Aeleich A
FAIR0] 79 Tl gl oAl AR TV AT
FE7H 51 et 9.2 b4 B4 Slstel ool ch
AURE AFGIIHA AFEE S T = ofof & A At E3,

1A 9HMoon and Gatlin, 1994), 0|5 JS4E $Halal Sl
dEo] 7|54 Y o] Ao ISt AEE s Ao = et
o}, zu|Eete] 44 2ol ke Bl A YIRS B

o) 715 Aol 7]Qle A0 ekt yith. 2, olRe A 41415
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of Aol 7 LpERtom ol51e zuete] elo el 4|
A3t 2Helo] It 210 2 hefyith, o -2 2 ol 7h5 e &
uA e hAIsS o) 2alere] 44k Ul FES gl
ok VPR HZHAlo) = SRR 0] B8 9 Ghf ke Al ge
xloj] 474 3 FES| 03 G2 v
ShIE R 0) B Aol £3HE, BWoofn] ik 2

chal B 18 th(Scott et al., 1976). S5 4
2l Fotu| el /o] o3t of FEr A Q] of & g
AR o AR APOINE thE thld e
uh 9 23REUS S AR vlLsto] 18 4% 9
712/ 08 ZRIojof| A A o Rkl o] 9=4)S SIS
tH(Moon and Gatlin, 1989; Moon and Gatlin, 1994). 3}-A] 1,
71l W/ = At S ohet Ad AR = ol 23 AR
At =2 T A} Gpopu| b SRl E B AR 9
FE Zi}b= 7|5/ AJstol] 7113 A o & Abef = Fxlo] A
AR 23S Yelf itk Moon and Gatlin, 1989), 3-7lofoj]
A AbR T o] ARl S| A, o] aFAl, Al HIA L
d, dddebd 9 EYER S WA ed B A 7P 32 A
7 9 FEE YER 2ti(Moon and Gatlin, 1989), ©]% $-1lo]
200l Al AEALR 5 wx] 2 o] 0.35% Al BEES oF
39%A e At F AlLEL: HEL2 7} 70:3000 4= 10%2
UrER AE80] oF 100%<] ke vl sl B fol o
B2 7Moo ng A4doradl o] eike] A4 ¥t
= Boln 4% 9 FEof| & 93k = AR 5%
t}H(Moon and Gatlin, 1991). D4=o}m| (e Ake] Z50] wha} A4
o Y= mlAl= Aol Aol 7F Ykt Hehrotn| Akl
€] 2. d(Moon and Gatlin, 1991)2 #}0]41(Craig and Gatlin,
1992) .t} F-rlof o] Aol tf F-a3t ARk QA2 Sk
th, 2uEee] dgot Al F wE e @57 (Yan et al,
2007) 2o A= st dE7lE Al $ 1.37%= & 4
3 9] B E Al ALE(Table 1,2)= 9HE3l9ITh T 22 0 2 AL
g Fpobn] it 24S 7HA = ohE Tl YR o] F4 Afo|
+= plaice (Pleuronectes platessa) (Cowey et al., 1974) 2 H3}
*A+oi(Acipenser transmontanus) (Stuart and Hung, 1989)0]| 4]
© B 7% sk

HARR S0l uteh ulRHE(CF) 2 SR APR)OIA %
o431 7o) 7} LFEREA|THP<0.05) (Table 3, 4), T-&H](MR),
HE=FH)(HS]), A5=H]ISDoll A= F-AFHITHP>0.05). ©]
o} o] VPRI hal gl el $5 9 ks gelg A
AAEE ARESIE o A AS T AFRE STt
3} B etol 4] CF Yl IPF o] 7helo] 4 o] o} gl of
Aol et 177} B s 02 Lebe, sk, et

ebefehie MR, HSI9} ISK= 943k A% 20 ekt
ok, sHRE A BALROIA VPRAZLA e eRe) S5 9 3

Table 6. Muscle composition of juvenile black rockfish Sebastes
schlegeli fed different experimental diets for 52 days'-?

Muscle composition (% )*
Moisture  Crude  Crude

Diet designation®

Protein  Lipid A
FSC 7555° 8200 1025  6.13®
FM 7139 7215 1327 511
CAGE 7603 8402 728 718
HFLC 7651° 8296 995  6.31®
LFHC 76.88° 8412 745  7.60°
CPR 7558° 8258 1152  5.68®
P 0008 009 014 002
Pooled s.¢* 149 504 289 080

"Means of three replicate groups. *Values in the same column not
sharing a common superscript are significantly different (P<0.05).
3Abbreviations used; FSC= fish meal, soybean meal and corn glu-
ten meal; FM=fish meal; CAGE=casein and gelatin; HFLC=high-
fish meal and low-casein; LFHC=low-fish meal and high- casein;
CPRGD= commercially pelleted rockfish grower diet. “Means of
composite samples of five fish from each of three replicate groups
expressed on a dry-matter basis.

b2
Al §LAFBHIEH Table 5, 6). 0|2k o] Hof7] 3l 25
e VP7H Al Aol ket 41, g o)
st 2ol Ho|RlA] AL W AOR
oGS WA gL A0 ekt HBAR F fARE
Fepol A= ARSI, AL IA Bl QAL o] Bt %)of

of ol Aol Al Jaretal ulm 2ut A2 el Al 212 %
o|7} Lheld k= e o] 9leLee et al., 2000).

VPEA7IA] SH AR o 30% of i3} of 25% A2l
e AR S AT ) e 0]o) £5] ulehul
E R G B4 W 87 7ol AP AOR
UFEhLE 2 Hlebel B4 7| 2ARR R AFgSLEon o) v
Ehl B4 S sk AHgakct.

X rle
ot o
U o)

ol o

Ab AL

o] O okt Sedattuatel SabERI AR
(R2016009)] x| .02 a5 Q1o]u] 7] 2| o] 7H4k
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