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ABSTRACT

In order to determine the optimum digestible energy to protein (DE/P) ratio in diets
for Korean rockfish, Sebastes schlegeli, 45% and 40% protein diets with graded levels of DE/P
ratio were fed to average 36 9 and 80 9 fish, respectively. The DE/P ratios in the 45% protein
diets ranged from 7.4 to 10.0 kcal/g protein, while those in the 40% protein diets varied between
7.5 and 8.9 kcal/g protein. Both in the 45% and 40% protein diets, the changes in the DE/P
ratios did not affect either the daily weight gain or the feed efficiency. However daily protein
retention, daily energy retention, nutrient utilization and chemical composition in carcass varied
depending on the DE/P ratios. Thus based on these parameters as criteria, the optimum DE/P
ratio for both the 40% and 45% protein diets, estimated to be about 8 kcal/g protein. DE/P
ratios more than 8 kcal/g protein, led to the deposition of a large amount of body fat, especially
in the viscera. Any protein-sparing effect was not observed with the increase of the energy
content in the diets. Apparent digestibility coefficients determined by the indirect method,
using Cr,0; as an indicator, were around 90%, 98% and 70% for protein, lipid and digestible
carbohydrate respectively, without any distinct differences between the diets.
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BFR] kA 93 EBERH ] M R 718HY 852 st 297w, Sk #IES
A7} gHhHo] A Fow, EEHEo BaHo] duAFoR AL H B2 hu ¥ BEE) PH S
Z3A Hot olghe vz, HAHE Hla dvA GEol UF B Fede MR 4o
HEBHECIY O WA HEFK BIUL SEA Hol Mkl AEE & (NRC 1983) #%F ohfg,
Erore) A A7} ol fEE 2 BHhs o] BAA S ) AstEth (Page and Andrews 1973). whehA],
ik REHS AUE Sosty R RES §A87) ddlMe AP F FEEE AUAE
fktol A7hete] AR EEE| o]l R sjok It

AERAAM S A (F F 1993 b9l FAE TRE 43 olof, =9E Ar e HIE A/
EEH E 7] A, FERAEHEFESEA IBE B KKty SES 2Estd] AUA/EEE L}
M2 TE mEE X, ol =IEH Ho WK, SRR, EER ERAER BiR 4 A
el v 9%E HESIA

e Bl Bk

WERMH X FfeH

KEBS e EEE 80 40%Y W9 45% Y W2 5o, 230 HA HAAsH BEEHE
45% EHAT tEARS EREFLR 3t ke EAHE 8% 46% 5 1431, dextrin
HINES 27% oA 126 % 7hA 3% 4 AR} Fole tiA, JE HMES 0~15% 2 3% 4 59X, fk 9
AELN IR /EBE H (Digestible Energy to Protein ratio . DE/Pi:) 7} 7.4~10.0 kcal/g protein©]

TE 6 HR% SREES et (Table 1). EEHE 40% BT FFe] ERE 482
40% 2 3}3, dextrin® 20% 4 & BS H/IS wHd, IWE FIES 15% oA 84%7HA 3% 4
Z7}A A, DE/PH.7} 7.5~89keal/g protein¢] 3fEo] KBRS RESIG T (Table 2).

Table 1. Composition (%) of experimental diets used to determine optimum digestible energy to
protein ratio in a 45% protein level for Korean rockfish

. Diet

Ingredient i 2 3 4 5 6
White fish meal 614 614 614 614 614 61.4
Dextrin 270 240 21.0 18.0 15.6 12.6
Pollock liver oil 0.0 30 6.0 9.0 12.0 15.0
Vitamin mixture' 3.0 30 3.0 3.0 3.0 3.0
Mineral mixture? 6.0 6.0 6.0 6.0 6.0 6.0
Sodium alginate 20 2.0 2.0 20 2.0 20
Alpha cellulose 0.6 0.6 0.6 0.6 0.0 0.0
Nutrient content in dry matter

Protein 458 45.7 45.5 45.2 45.1 45.0

Lipid 24 5.9 94 125 15.7 189

Digestible carbohydrate 274 24.7 214 18.2 15.7 129

Ash 16.8 16.9 16.8 16.7 16.5 16.6

Digestible energy (kcal/100g) 339.9 357.6 3854 399.0 4238 450.0

DE/P (kcal/g protein) 7.4 7.8 8.5 8.8 94 10.0

! Halver (1957).
2 H—440 premix NO. 5 (mineral) (NAS 1973).
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Table 2. Composition (%) of experimental diets used to determine optimum digestible energy to
protein ratio in a 40% protein level for Korean rockfish

. Diet
Ingredient 1 5 3
White fish meal 54.0 54.0 54.0
Dextrin 20.0 20.0 20.0
Pollock liver oil 15 47 84
Vitamin mixture' 3.0 30 3.0
Mineral mixture? 40 4.0 40
Sodium alginate 3.0 3.0 3.0
Kaolin 145 113 7.6
Nutrient content in dry matter
Protein 413 411 40.3
Lipid 3.3 7.0 10.9
Digestible carbohydrate 20.1 200 19.7
Ash 28.7 254 21.6
Digestible energy (kcal/1009) 307.7 332.1 357.9
DE/P (kcal/g protein) 75 8.1 8.9

12 Refer to Table 1.

EEREE L] B D RE Y-S Bk (F % 1993 b) oA A F uket 2o, filkE 159 6 AFE
ol FH4, FE3 WS g7tz vk a1 A WEAY I fiHAE Holg FA ¥dTh

BEA Y AEEH

AT BAE 45% THAAE 3 AF 369, EAHE 40% BEHRdA= BT AF 809 N9
zHEgs 717t A8t HEER BRI BERFTS ded, ERE 456% ERdAe
DE/PH7F 8591 ikl 32, BAKE 40% H%A= DE/PHE7T 8191 %t 28 35704 A #
EFEe B A7sln fgh A0V 1B AL Adsld ERE 45% BRlAw KEE 20 9,
EAE 40% BRIAMAE KgE 18vdE 83 A% 25 MER 27 BEREE 2744
w2 el B 45% TErol A 9] RIS 1990 '3 10 ¥ 31 AR E 12 ¥ 28 U 7b=] 59 U (FRbk
WA 47 Q) o1 T, EAE 40% FEAAE 19913 29 7 95E 34 20 Y71A) 42 A7 (KK
FELHE 35 Q) olATh :

Z} ki = EBEKE 5% 25~3 £ AT KRS Bl FEHEE (Aquatron. Koito, Japan) &
Agste] Al A& - PE, BEHE 45% ERAAE 2112013 C (B EFHA), EOH
40% BEBINAE 201+ 004 CE SAHUTE I 9, AS £ #iEel HFEH WHL & £ (1993
2) 9] EEgolM o ZAstYTE AL 717 F HES FHHE 4% ERT EAE 40% BB 44
1.024+ 0.0000 2 1.025+ 0.0000°] 3, HFEFEE 56+ 0.15ppm 2 6.2+ 0.06 ppme| 2t

Atk ’ER
HtRe 3838 (Cr0.) S ESWHEZ AHeste ko= 383 & KEKRES Guelph
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system (Cho and Slinger 1979)«] BEE Nz AezA, ﬁﬁ*gﬁﬂ AHE-8E 29 TRl e
HeK piped ¥ & olmdso 2 thE A7 200m, Zo] 1me] 933 # +AEL 2289 (Fig.
D.

Fig. 1. Apparatus for feces collection.
1. water inflow, 2 : rearing tank, 3 : feces collection column,

4 . water outflow

SIEERC) T BHAS I WEEd &7, A AES 1% 2/ EREHE 5 93 %%{f*ﬁrﬂﬁ%
3 37 A7 WL WS FkE WY 9:30~10: 00 2 15 30~16: 009 FE3] HE A7AA
zo1om 16 30~17 : 000 A4S 3t ik X778 $A3) AABAL, oheE 09 1 00~09 1 301
% 2T AAH HS YAk EE XL BEKE st B8 AAY Fol, BiErRstA
28l AE, °11L111 2 —ES S A AT

Asla 2o B/ F8 (Furukawa and Tsukahara 1966) 2.2 8418} 1L, o421 bomb calorime-
ter= A5k @WILERS b FA) st} A4kstdct (NRC 1983).
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32



z¥8g ke EE AA/EAE i

REATE R K22

ERH 46% HRANE 2570 ABIES SQ5, BEE 0% ERIAANE K% BmEe &
Tyl std=dl, MS 222 100 ppmell vFAAA AA FAZ Se) FEER K76k HER
EE A OKEE SRS FAS a0t 2AE HTRNE dgon, BHE 465% ERNE
BIEXR FBgol B ¥, 7 BRENA 7ole8e 223l Ml (FFRE) 2 HR SHME A}
St 2AlE §IH (F & 1993 bol A9} 2e o s wigsle] BASAL, Al 2 HRe
RNEE 22 sh A 71 ool —fgmsy £4% BAH, E 2 U BRE) AN 22 i (%
% 1993 b)elX e FL3HA ATk

s/ OOR

ERHE 45% B%

HEH 456% BROAS AMS ZAHE Table 3, 49} Fig. 2, 3, 40 JeRNA L, 7+ B @0 )3
a2 WIS 23S Table 591 EAST k) HEE 482 45% 2 133,
AR GEE S7H1A DE/PHE B3 kS 29| eto) o 59 A7 ALS 3 A}, HES BtaRSol
36 9 ol =9 BERFEIT T 4L T B0l = 794~83.6 9714 G5t 433~47.7 99 ME ZrtE R
(Table 3).
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Fig. 2. Effects of increasing levels of digestible energy to protein (DE/P) ratio in 45% protein diets

on the daily feed intake (DFI), daily protein intake (DPI) and daily lipid intake (DLI) of
Korean rockfish.
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Fig. 3. Effects of increasing levels of digestible energy to protein (DE/P) ratio in 45% protein diets
on the daily weight gain (DWG), daily energy retention (DER), daily protein retention (DPR)
and daily lipid retention (DLR) of Korean rockfish.
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Fig. 4. Effects of increasing levels of digestible energy to protein (DE/P) ratio in 45% protein diets
on the feed efficiency (FE), protein retention efficiency (PRE), lipid retention efficiency (LRE),
energy retention efficiency (ERE) and protein retention/digestible energy (PR/DE) of Korean
rockfish.

Wolz SRR 3ol7 glith (Table 3). 22lvt AAZo 2= HH Mk BREH HE &HHE
B 05 frle) U x) S8l Z7heol whel, HERECT 22t -0.661 (p<0.05) % -0.737 (p<0.05)
24 Wz Rase 2SS B (Table 5 2 Fig. 2). 39, AR FH SRS K o1 A
sgo] 3 AN Z74Eel wat 0059914 03997t FHROR 005~0079% FUHEHAL, 7
SRS 25 A 2ol 7h 91Ut} (Table 3, 5 2 Fig. 2). =3, AR oA BiE: fktel
YA 48 27t Wet BolAE AFE B, fik 59 6°] 742t 859 keah R 9.23 keal 2 flkt 1~4
Ho} 2o S HYom, filk 1~4E 7.54~798keal MHE HNE FHEHY Zol7t AU (Table
34 5).
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Table 3. Performance of Korean rockfish fed diets with graded levels of digestible energy to protein
ratio in a 45% protein level'

Diet SEMF

- 12 3 4 5 6

Initial mean wéight (@) 36.3 36.1 36.0 369 359 358

Final mean weight (g) 80.8 794 80.9 82.1 83.6 80.0

Mean weight gain (9) 445 43.3 449 45.2 47.7 44.2
Daily feed intake®® 223 2.11® 207 2.00° 2.03° 2.05° 0.045
Daily protein intake®* 1.02* 0.96® 0.94° 091° 0.91° 0.92° 0.018
Daily lipid intake*? 0.05* 0.13° 0.20° 0.25¢ 0.32¢ 0.39 0.005
Daily energy intake®® 7.59° 7.54° 7.98 7.98 8.59" 9.23 0.162
Daily weight gain®* 1.62? 1.59* 1.64° 1.62° 1.70° 1.63 0.045
Daily protein retention™* 0.30° 0.30° 0.29° 0.28 0.30° 0.27° 0.007
Daily lipid retention®* 0.13 0.19° 0.23° 0.25° 0.29° 0.28° 0.007
Daily energy retention®* 2.91° 345 3.77 3.94< 4.35° 4.12%  0.071

! Values are means from duplicate groups of fish where the means in each row with a different
superscript are significantly different (p<0.05).
2 g or kecal/(100 9 fish weight X day).

3 Feed, protein, lipid or energy intake

[ (Initial fish weight+final fish weight)/2] X days fed

Fish weight, protein, lipid or energy gain
[ (Initial fish weight+final fish weight)/2] X days fed

5 Standard error of the mean = /MSE/n, n=2

X 100

4

X 100

AR EERS M 1009 % 1.59~1.70 g W E, fkte] U] && F7He BAIfle] 4 BRIEE
B3 4R Jehdooh AR EAE EEERE 0270309 HAZA O BEET oA R
FEAE o) g9]F el 2o]E B 4= glTh (Table 3). Z2ju) o] S0l that HRESHT 225 29, AR
18 &7 DE/PH: Atol o= #EBIRAGR VT gl dl vlste], B ERE BRETN= MR -0613 (p<
005) 2.2 el fkte]l DE/PHIF Z718ol wel AR ERE ETEECl 254 daste 4%E
Hach (Table 5 2 Fig. 3). 39, HE BE THED B JdvA EHEES 247 013~0299 ¢
291~435kcal MY ZA FZ 25 z ERER #9939 Aozt A (Table 3). £&, o5
B4 EER A HEBIEE (0.934, p<0.001 L 0.900, p<0.001) 2} [EFFFREL (0.057, p<0.001 & 0482,
p<0001) 7 25 H& 7t vebd o =M, fikte] DE/Pi 7ol whet JBE 2 VA FE ] 543
=718t PSS Hola Ut (Table 5 2 Fig. 3). Wk, A BEECN A EAE ETHES
Ae o= ga), A IBE SRET AR VX EEELS S UX £ 9%E 53] Bo| ¥e
e & & Urh

FLe) DE/PHLS} VR 2L 2% EHEER ) 3412 29 (Table 4, 5 2 Fig. 4), SRHEERS
725~839% M9 E DE/PH7F F71 ) whet Y EeoiAle AFS Ao, BRER 215
ol UUTH EEE EEAEKE 200~325% HAZ BERERMC o)zt gldlow, DE/PH.9te
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HEAREGRE AR HA ZUddh 4, fakle] DE/PL Halel J5E ETHEE 2 AuVA BEREESY
#AE BF Kk BERSZ et (Table 5 2 Fig. 4). o] 5 BB T#EHES DE/PH 71
Aa it e, Ak 1~490 oA e o= Aol 100% oo 2 A, iR FHEE o
29 fFEol g S3¥ Aoz Yoy, 1 FAME ke KK Hngel 713
JBEEES 7Y ARY S 19 EEEKRE 2489% 24 U2 kel 71.7~1523% o} v] 3|
| =2 %2 Ak duA FREBEES fk 164 ikt 571Ae AR F71stohrt Sk 604 =

i s g g8

ol

L Kt

Table 4. Feed efficiency, nutrient utilization and apparent digestibility of Korean rockfish fed diets
with graded levels of digestible energy to protein ratio in a 45% protein level'

Diet SEM?
1 2 3 4 5 6
Feed efficiency (%)? 72.5° 75.7 79.0° 80.8° 83.9° 79.2*0  2.06
Protein retention efficiency (% )* 29.1* 307 310° 308 325" 290° 094
Lipid retention efficiency ( % )? 2489 1523 116.0° 1009° 894* 71.7¢ 361
Energy retention efficiency (% )* 383  458* 47.3* 494> 50.6° 44.7° 137

Protein retention (g)/DE fed (Mcal) 39.1°  392°  365° 349" 345 290° 105

Apparent digestibility (%)

Protein 90.2 89.9 904 90.3 90.9 914
Lipid 924 97.2 98.4 984 98.8 97.3
Digestible carbohydrate 68.9 66.5 712 73.0 73.3

Energy 79.3 80.5 834 844 864 89.1

13 Refer to Table 3.
2 Fish weight, protein, lipid or energy gain

Feed, protein, lipid or energy intake %100
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-4 +
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Fig. 5. Effects of increasing levels of digestible energy to protein (DE/P) ratio in 45% protein diets

on the protein content and lipid content of whole body (WB), dorsal muscle (DM) and viscera
(VD) of Korean rockfish,
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Table 5. Statistical analysis for the feed intake, growth and nutrient utilization of Korean rockfish

in a 45% protein level

Daily feed intake
Daily protein intake
Daily lipid intake
Daily energy intake

Daily weight gain
Daily protein retention
Daily lipid retention
Daily energy retention

Feed efficiency
Protein retention efficiency

Lipid retention efficiency

Energy retention efficiency

Protein retention/DE fed

One-way Linear Regression
ANOVA correlation (r) Model! Coefficient
p<0.05 -0.666*! L*! -0.064
P<0.05 -0.737*¢ L*? -0.036
P<0.0001 0.997*3 L*3 0.127
P<0.005 0.920*2 L*3 0.638
ns 0.307 ns
ns -0.613*! L*! -0.009
P<0.0001 0.934*3 L*s 0.057
P<0.0005 0.900*3 L*® 0.482
ns 0.681*! L*! 3.199
ns 0.114 ns
-608.187 (b)
<0. -0.891*3 *3
P<0.0001 0.89 Q 31616 (©)
79.305 (b)
P<0.01 0.523 *2
9 -4.422 (¢)
P<0.005 -0.909** L*3 -3.707

' L linear regression (Y=a+bx),

*! P<0.05 ** P<0.01, ** P<0.001. ns: not significant (p=0.05).

Q ! quadratic regression (Y=a+bx+cx?).

Table 6. The proximate composition (%) of Korean rockfish fed diets with graded levels of digestible

energy to protein ratio in a 45% protein level!

Initial Final .
Diet 1 2 3 4 5 6 SEM
Whole body
Moisture 69.5 69.3 67.2° 66.8° 66.5 65.3° 66.0" 0.32
Protein 16.6 17.6* 17.7 17.3 16.9° 17.1°7 16.5° 0.25
Lipid 9.3 8.7 10.7 118 12.8¢ 13.6¢ 13.6¢ 0.24
Dorsal muscle
Moisture 741 74.6 75.2 754 74.0 74.0
Protein 23.4 21.9 224 23.2 21.7 22.1
Lipid 29 24 1.7 3.7 35 3.8
Viscera
Moisture 46.7 423 394 373 36.7 33.7
Protein 9.6 8.7 86 7.7 8.0 71
_ Lipid 37.3 44.8 48.8 51.8 515 572

‘2 Refer to Table 3.
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ZastdE, S 13 GE 60l 27 383% 2 4.7% 24 FK 2~59 458~506% Rt BA
Uelston, fk 2~5 Alolole ERERA AEMS Aol7t ATt (Table 4). A, BMKE 7
bl 2] 1 Mcal & EREE BEAHESY £ 290~3929 YA, Fkte DE/PIT 71l we}
AR o7 Aaste 43S vtebd o 24 (Table 3 2 Fig. 4), Bk 2] DE/PH7F 7.4~10.0 keal/g
protein 99 AEENAE, Fke DE/PHIT B25E 49 AUAV ERE £ES 93 o
HERHPOZ o] FHASTE KAFL Urh

BEE e 29 AT BERS 90% Y2 2} R Zolrt gidled, IBE MbR2 fk
101 924% 2 oF7H W2 Qo= BE 98% WA ¥ 3S YeR) At} (Table 4). XLy HILRS
66.5~73.3% W 2 A, kel 718 Rk LS ol AL4E KK MBIk o] Ay S718k=
AgFo] 9171E 3, 1 AR E vjolstgoh 33, YA \ERe 793~89.1% HHEA, I 1914
FE 602 Z5E A FUtEe AFE YEUAT

mpEo) S A3E A EW (Table 6, 7 2 Fig 5), ERE 489 o 5 =59 EEH
S8 217~234% W=, 7 HEER v=3 L Byou, DE/Pi Wl & 58 ¥
VbR okt aEl 1 et MY ERESES 47 165~177% 2 7.1~96% W EA,
fkle] DE/PH. Z7to wel Axl Zasts 4%E Rk 18y 268 2 Nl E0E 28
oo EfRR O] ESEFREE ZH2 -0.400 (p<0.01) ¥ -0.837 (p<0.01) ol E3 3}, DE/Pit F7tol wh&
FAE 489 4 AxE 19 3X 42 A& Rolx Ut} (Table 7). T4, WEEE o, &
289 ALo= 1.7-38% S MY =, 2+ BERERL kA zlol= Ao, DE/Pi ¥l wha}
zZ7latAY ZAaste A4S YehdA gt v, 5 259 Aeoe g, ZAiRe e i
BE&EL w3 Zol 747} 87~136% 2 373~572% 9 HWAE el ¢4, ol g
B EFHREE 1.865 (p<0.001) 2 6.700 (p<0.0D) o]yt =, fikte] DE/PH S71ol we} f5

Ba&Eol 2 Zo2 Zylsle AL RoFn v} (Table 7).

Table 7. Statistical analysis for the proximate composition of Korean rockfish in a 45% protein level

One-way Linear Regression
ANOVA correlation (r) Model! Coefficient

Whole body

Moisture P<0.005 -0.862*3 L*3 -1.203

Protein ns -0.772** L*? -0.400

Lipid P<0.0001 0.931*3 L*? 1.865
Dorsal muscle

Moisture -0.199 ns

Protein -0.481 ns

Lipid 0.593 ns
Viscera

Moisture -0.986** L*2 -4.586

Protein -0.929** L*? -0.837

Lipid 0.950*2 L*? 6.700

! Refer to Table 5.
*1 p<0.05 *2 P<001, ** P<0.001l. ns: not significant (P>0.05).
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EAH 40% BER

EAE 40% EHRAME, HREL TimE] 76.7~793 95 = EEfdl DE/PHIF 247t 75, 81
2 89kcal/g protein®! 3] ERHIKE 42 B Ho FFT HR 1147~1211 97HA 438t
38.0~418 9o} BE Ut} (Table 8).

HIS e BRED A ENE BRES Al 1009 B 2+ 167~1709 2 068~0.70 9 HH 24
EEE R &Fo]7t AUt (Table 8). ¥hd, HiE BFE #IES B WA #HRELS 006~0.189
1 503~6.0599 W2 A, ko] DE/PHI} Eol A5 E olo w3t Z718ke BEE Y Th

AR ®EES DE/PH7E 759 K 1914+ 114 g0l o], DE/PHIY 818 F713 ik 20 M=
119902 Z715t9t7}, DE/PHY 8991 ikt 3ol 118922 ZAdte A¥E Eieu, 4
FREL oA o] vhehtA] ¢kgkth (Table 8). R ERE EHEE BRE HEEEY 7}
A74A 2 Kt 200 A= Z7bet Tho, ikl 3ol e oAl At e, fkl 29) B BAHE EHES
020922 % 13 39] 0.19g 2 0.18 goll ¥} f2)F Q) Aolvt AU &E, B BE ERESD
HiE oA BEREELS ZH7 009~0.169 2L 1.86~2.59 keal B 241 ke DE/PH7T F713 o whe}
v dgeg Friske 43S R

Table 8. Performance of Korean rockfish fed diets with graded levels of digestible energy to protein
ratio in a 40% protein level'

Diet

SEM*
1 2 3

Initial mean weight (g) 76.7 79.2 79.3
Final mean weight (g) 114.7 121.1 120.8
Mean weight gain (g) 380 418 415
Daily feed intake? 1.70° 1.70°7 1.69° 0.026
Daily protein intake? 0.70° 0.70° 0.68" 0.010
Daily lipid intake® 0.06 0.12° 0.18° 0.000
Daily energy intake? 503 5.59° 6.28° 0.088
Daily weight gain® 1.14° 1.19° 1.18 0.051
Daily protein retention’ 0.19 0.20° 0.18 0.000
Daily lipid retention® 0.09° 0.11° 0.16° 0.000
Daily energy retention’ 1.86° 2.18" 2.50°
Feed efficiency (%)° 67.0° 69.9° 70.2° 3.180 -
Protein retention efficiency (%)? 26.6 279 26.5° 0.700
Lipid retention efficiency (%)* 153.9° 95.9 85.6° 2.300
Energy retention efficiency (% )* 37.07 39.0° 41.3 0.970
Protein retention/DE fed (Mcal) 37.07 349 29.8 0.860

124 Refer to Table 3.
3 Refer to Table 4.
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2B e K5 23 (Table 9), BEHE SES 164~168% 24 faktel DE/PL H3tol
s e wbx) ero o vty fEEGE S K 1,2,3904 242+ 85%,92% 3 10.5% 24, DE/PL7}
zZNR5E A Z7150e], BAE 6% BRI 2 A% Btk

SRR O B%E EREAER B8 A E A (Table 8), FkIERY} EEHE HHREES 2424670~
702% @ 265~279% WA, o= AR FREMC FAFA AolE B 4 AU A F
BoEe k1, 2, 3904 247 37.0%, 39.0% L 413% 24 DE/PH7E Hobddl wel oty 5
bt oy ERER A ole Tt E BHMES Ak 10] 1539% 2 MY w9k,
16 29} 30] 247 959% X 85.6% 24, fikte] DE/PHY 37HE S FHasts AFE YEAH
F49 Wt R 1Mcal B HEHE THES @6 DE/PK F7td mel Ax gadhke 2
ol =, £k 30] 298902 Ak 17 29 3709 2 34990l HlE fHoz ANA v, £k
13 2 Alolol= F9l & Aol7t AU

Table 9. The proximate composition (%) of Korean rockfish fed diets with graded levels of digestible
energy to protein ratio in a 40% protein level’

Initial Final

2
Diet 1 2 3 SEM
Whole body

Moisture 69.9 70.1° 69.6® 68.7° 0.26
Protein 17.1 16.8° 16.8° 16.4° 0.20
Lipid 9.0 8.5 9.2b 10.5° 0.08

12 Refer to Table 3.

% %

st 449 FEEEE YR EQ Rkgolt JEE e Bol $EIA & vE, fiEE M
fKao] Bad YRS 2987 st BEES Btk v, 133 &9 FEAE MR
So]9le ALE, BRE BHE 2 MES 8 20l Rl AXNDE, fH HEEIY EHH
R o] RolA I kAR BHE ERARE TN RAE MR/t Uehdth (Stickeney
1977 ; Wilson 1977 a ; Wilson 1977 b).

*ERo A7 7t RENE 2 Bl BERS EAHE 465% 2 40% BRA 25 oduA 28E
et 2 ROl S A Q) Zolst Tk ol9) uAIIAE, HiE REE LTHEEE KEHE 46%
o N k] foAl 2ot Yo, EHE 40% EHIA = DE/PHIF 812 ikt 27}
DE/PH.7t 759 fkt 1014 Bt} o7k 29k ol DE/PH7E 892 S 718 ikl 3ol A= thAl skt
oot W, HRY IEE EHET HME oA BTRES @K AU &8 F/HEFE, F
DE/PH 7t EolRA5E weAoz Friste & MBABGRE Holi AUtk (Table 3 £ 8). o1 %
AT FEY AUA &8 27 vl jBE ETRE e 929y, HEAE duAE B H7t
FA% o2 93 HEHE SMEE A UEhA e AL ougtt terl, BEHE 456% B
Bl AE Ak AUyl 271842 0 EOE EHES 2848 daste A4S B (Table
5). ol 83 Qe S B LB 2ol UR BRE $F5A717] 93t #ol& A= 2 (Boo-
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nyaratpalin 1978), AERAA S fkle] oy=) G ol wal FHRM) fkl WHEo 7
£33, o2 s HEHE BitEC) 201 U wE a3 dxel Azdd

FREERY ERR EREER oNE, EEHE 45% 2 40% BRI =5, DE/PHe F717}
fRPEER R HEH BHEEK A8 FENY RS VAR Zo} (Table 4 2 8), FEANA} o]
EEH SRER7 & Boli itk v, oYX HEMER L MERINA 2T ik dUA 27l
B3} wolAle AFE Ho (Table 4 2 8), fite] o] &l BETS KR, M 2 #EFho)
HFEE S oA ool H5E £ A A8 AUAZF B8-S e . ol dt @] oy
Hie ZRHE £ES 9T AUA FHENAY E848 247 Table 4 E 804 Ko A9
ML AIA 1Mcal B EAE EFUEC] DE/PH7E 371245 FHojxle Z23}E 2dstn Y.

g3, fkte] DE/PH.S Wsle Al 2 #ffiol wet —@Rsd A2 98 982 nxx .
=, EAH 45% 5ol B9, DE/PH W3ld mE 2 5 2% 2 HEY BAH 48 Ao):
742t 12%, 1.7% R 25% 24 Had g f wslo, [FEEEQ Aol 247} 49%, 21% 2 193
%2, 10 Fo] F ¥l DE/PHY} Z71E4E F48 FUE Bolz o, olH e Age HEH
40% EHRNAE vhd7bA 0|tk (Table 6 2 9). w3, e 2 &fr SN WY KEEE 8L}
53] FEHI AL B o, @k U9 Zo) EdE F2 FETARS Al FEERCE Jeh)s
g ¢ F Ak

ol 4o g2 Y, xIEZ koA DE/PH7I Y-S dUAZF EAE AES 8 aedos
o]&-= & WY, fiklel BES] VR E HE Aol fld IRESHoR Q8] HEKe BHES
Astrl7le dRE tALE A & & Aok Y BAE 456% B A DEPHI} 749 ik
o] QlojM= B ANUUA EHE, A BE EEE 2 duA EFaEke] & skl us 323
"ol glo], fkte] oA G&ol ozt &2 Ao] obdr} Azt o)F AL DE/PHI}
7590 EHHE 40% EHEO FF 10 ME A gshivl 2L oz gz, ®ma ohyal
HE AT 19 2A8 BEARC), EAHE 40% 2 45% BRI BT B BHAER T Yol
2% (Table 6 % 9), fikt 19] ] 8] FEX 2RSS wdste Aoz B, o]8js oz
oo B o), 29 E8 ko] DE/PHv EEE &8 45% 2 40% FF)A 25 8kcal/g protein
Ax7t A28 Aoz Az

IEE e At A7l o fik BEHEQ) #if0o) B8kl brook trout, Salvelinus fontinalis
(Phillips et al. 1965), 4] (Takeuchi et al. 1978 ; Lee and Putnam 1973 ; Kaushik and Teles 1985),
20} (Clarke et al. 1982), "] (Shimeno et al. 1985), X214 7] (Garling and Wilson 1976 ; Page
and Andrews 1973), Tilapia aurea (Winfree and Stickney 1981) 2 Arctic charr, Salvelinus alpinus
L. (Tabachek 1986) % W& fafgol jdted 1 G797} Hus 3 glch. o & S, Phillips et al. (1965)<
brook trout fl¥tol S5l RAILHS A7IstA A SRS WEKESLZ G5, KES
HaAZ)A Ak, kel EEE 68% 29 4 Jvs AL w3tk £8 Takeuchi et al. (1978) 9l
ostd, EAHE 45% o WHER S 5~25% & th27) 3 fHES A F 1699 $ojo] Ml A7} kel
IRE S8l S7ietd wet BERY SRER 2 EAE EFERe] A &y, IKHE 18% #
Kol A AixE Begcia ok

g, KRS 2o g o), B Al YANE FEAE AUAF A7t UE FEE &
WBER7E A8 QAAY, o5 Foh= AwtE B3 % 9lo}. = Takeuchi et al. (1979) BEE (22~41%),
IEH (5~15%) B RkiLdy (5~50%) &8ol A2 T FRZ oF 4398E Yol A488 A
fkte] EEES L oluA &l 22t 31~32% 2 310~360 keal/1009 B Y W KED
BB 71 #tor, 24 BEHE K#ENME AL R 48S 310 kealol A 460 keal7tA] &
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THAE BES kg R] A3 gEs A Fdcha goh Jojoll lold BEHE ABEER7E JehdA
GE AL, FEAHFECEA FE (5~15%) TS AHE-3 Murai et al. (1985) 8] A7 olA = &1lx

U, 252 olgld 9L Y09 ouA ExkiEo| &7] WE o2 FHsIL ot offte,
Sparus aurata (Marais and Kissil 1979) 2 thA %4 7 Gadus morhua (Lie et al. 1988) X =
FEEE NIAEY 77 KRS kR A olfd axrt gl e HuEy glon,
Lie et al. (1988) & 2 €& YA U7E NUAFL2ZA EAES & o] &3= WA, FES
HERWOZ o] &3tA] Ealy] gEd A Brix s, 1 FTAZA IFE BEAELS 60% Ll w3
EAE SRR 26% 2 22 AL EJ. AER oM E, 29 Ege] FE BRAX ERE
45% 2 40% EENA 27 71.7~2489% (Table 4) 2 85.6~153.9% (Table 8) 24 T3] &2
AL 2 o, @k H71E fgHol AUAESE HEMNSE o] &HA 41 S ¢ F e,
o} 7L Jole M} npEIA R, SFA 0] AL 2HEEe A FREl e dl I Ul U=
Aoz FZH4,

AQ7A Raud fES BE NURA/ESE e 4HEA, Tilapia nilotica 14~15 (69 : Wang et
al. 1985), ] 13 (16g : Takeuchi et al. 1978), k¥ 7] 9.7 (149 : Page and Andrews 1973) & 114
(2009 : Garling and Wilson 1976), 9 ©] 10 (2.69 : Murai et al. 1985), Tilapia aurea 8.1 (259 : Winfree
and Stickney 1981) 2 9.3 (7.59 : Winfree and Stickney 1981), th A1 %2 Ul G. morhua 7.6 (1809 : Lie
et al. 1988), Wol 7 (659 2 1059 : Takeda et al. 1975 ; Shimeno et al. 1980) &2 2 A, thA &4t
7t WolE A9stny oiREe] AUl 2YEgRT BE AURN/EAE K £& A&
& 9uh A ekt T} ol ASoE, ke duA 4ES AY ZANA 43 EAH, RE
2 kbl olURES 77t 45, 80 2 2.8kcal/g EE 4.2, 8.0 L 3.0kcal/g2.2 3t} fH A
(Metabolizable Energy : ME)Z AXtstdedl, AEBAME oot 2& 7Fez =HEH HIE
ME/PHE AAtata, o 7 We7b Hof, A% g7 wWolsh o)yt gich &4, fjalA A%
vlo} o), vl 719} Tilapia aurea®l FEIE NIA/EEE e Al 44Tl vt F71stAed,
AERA e zuEete) WIF DE/PHE BEHH 45% 9 40% EEIA 25 824 Xo|7l gl
ol MEHRANMY By BHRA FA7 242 369 2 80g I2A & Ao} GV MED AR
A=A ey #my Kol lolXe #IE DE/PHIE @8td 4 gleng FF A7ld ©E
#IE DE/PHO BaM= A7/t dastelesd A4d

mEe] BEFR MILRe Al 27, SRS B L WIAE KR Fd g edAY, 22
ofE S8 D EEEG TAAE BbRe S35 ol wet gl Xto]7} vt (NRC 1983 5 Smith
1989). &3 BFZeE&7t BfE ol fRo thatal, KAERoI A2 2ol AstaF S o83 Mk = Al
EEBEY BERe 23T 2L HTs 29, $0] 92% (Cho et al. 1985), XA 7] 85~90% (Lovell
1977), %84 0] 94% (Spyridakis et al. 1989), 9o} 84% (Furuichi and Yone 1982), 3& 86% (Fu-
ruichi and Yone 1982) 24, A2 85~95% Aol 21& & & Atk AERAA F4E =&
EEE BIEEE 90% 9] (Table 4) 24 T2 fafEzt & #}o]7} 9121, Ikehara and Nagahara (1980)
7} 2% zv|2ete] ¥ BAE BILK 90% 9 dXdh =3, KERAAN o] FH A
{fbge 98% W GEr, o] AL $0]9 97% (Cho et al. 1985), b 7} 97% (Lovell 1977), FH 4t
0] 97% (Spyridakis et al. 1989), th A1 %A ol 7 98% (Lie et al. 1988) 9 7 9] o}, th¥-§-2 %7}
feES & |t Riksle 2 & 5 Utk

a3 AERAA SH Y 29289 dextrin BILRE 69~73% W=, FAME BEA Joi9
96% (Furuichi and Yone 1982)E.the w@gtout, 359 67% (Furuichi and Yone 1982) ¢ H|=%
39t} (Table 4). fES] KKibs WLRS Rokibtpel F7d wel 2ebA, Gl 2
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ESF RAKIEANAM 31, dextrinolV B E-E B4 T RKEHE 25 %29 (Furuichi and
Yone 1982 ; Furuichi et al. 1986), i1 T Aol wetH= & Atoj7t o], Ak E e &3 Bl o
H{tEe 2t Bus 3 It (Smith 1976 ; Smith et al. 1980 ; Kaushik and Teles 1985). —L2ju}
wAKAbe mEERIA Y FIFH-S washd, JoHE AL tFEe flA, E5T KKL
ROE EoF KK FlAfke] o =uvha €84 Ut} (Buhler and Halver 1961 ; Furuichi
1983 5 Murai et al. 1981). olo] thall > (1985) & Ak RFHS] A9, WEES AHE T BAH
BRiENC] A0 FolA7) Mo o] g0 §5H7] W&o AFT Fo] o]&HA &x
WA EE d, EST KK BRG] 83 AsE ¥ WA FrHERE FlfKe] xox
sl AERAAME 298 FHY RAMPFESEA dextrintHS AHEEFY o, FFol= dextrin
o] 9Jol £ RA(LAS WItR L BN FIA AT AA AL A& A=k, Zad AR
KRS HAR o] &3te WS = Ao otz Az

A, faktoll ALY Hobol oW KKy bR E B8 EHE HEE: Rolztt 4 A
2.t} (Nose 1967 ; Page and Andrews 1973 ; Austreng et al. 1977 ; Singh and Nose 1967). &AE&
M= 2T &2 KK LR ] FkLe) Rkt & & S 7 ol wet Gy haste], 912 A9}
Hls23h 43S JYERRATH (Table 4). 28y HEE WLRE FEe] Bkt & @Al 4
HERERC ¥&d & BAI, Rkbsy BilbXRe] HaEn 12 Az gih ol AEEIA
ALS-3E fRle] Rokbdy ol 129~274% W EA (Table 1), ZEEE MBkxReI Rkikly #
LR 4TS F W 18] B4 47 WEA Aoz A T3 JKkk S8l 7MY 23w
FEE 10 M= BR, fkEEE 2 EAE K] g2 @k Y& A3 A3EA Fgd Ae
B o, fklel o] Axel oKty Arte =yEge KAkl FATEE Hdd £3x gt
2 U9, BEHE 45% BRO fH 1~4 2 EEHE 40% B%o #K 19 doME BE
ERFERC] 100% o] o2 A (Table 4 2 8), 43 ¥ WEET 3= jFEY £o] Eed, o=
AHE RKLY B2 BEEEC] L3l IHERE FHE A2 Holn, 11 FANR Rkt 7197}
A& Aoz A7) Furuichi and Yone (1980)& 9o, Z5 2 wole] Rik{tsy FIMREH S vl sk
Ao A, dextrin H7tFo] 717t 40%,30% 2 20% 4 W) gk AA 2 kR g4 vebgthal
ato], fafge] weat Ak FIAEDA & Aol7 S-S B ok o9} vwdlA, 2HE ey
Ry FIAGENS 8 BEREY WolU Feride & Aoz 35, 20 44T AL 3%
Hx e A5 Fote WAl & Aoz YA

£ 8

295 ke BE iA/ERE BE FHIY] Y8, ke ERE &8 45% 9
40% Y do] 23d) A H AFo] 47 369 L 80gH = HEBHAEE MYos AHS S
AAIE, ke WA &8 Wl w2 =B BE, MR SEX THEEE A
By 2 \kke Wals AEs gt B SRES @8 wEt dux/EEeE &
(DE/PH) 7Y BE'E 45% ko)A & 74~10kcal/g proteino] HEE 6 HES, BEHE 40%
faktoll M= 7.5~8.9 keal/g protein©] M5 3 HEE #HEstA). ke duUA §E-S dext-
rin? JEES 2ES WA AN, EHEFC. 2 JbHEADE A8

A8 A7, oA 1009 T O EEED AREERS BEAE 456% 9 40% RN 2%
fA¥te] DE/PEH ¥isto)] w2 f-2] 3]l Aol Jehl A gkt vhd, A EEE 2 ovX
ERE E9HE FE 2 uA EREES oA —#ks & Skl DE/PH w3le) o)
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Z7 £y Z4dte 2% e o 2d AxtzRE 298 ke #IiE DE/PHLE
EEH 40% 2 45% fakol A EF 8keal/g protein® 2 FAH AT DE/PHIY ol BTt &
AolE 48 TRt oluA 1 Mcal 3 ERE EFET 22 328 ¥, AR EESE, AfH
AT SRE MEME 2@ BAE SRARE olEY #EaRst stk £, sk
DE/PH7t Z7hetl ubeh zslzete] 2fafsh MBSl INE &kol 343 F7hatod, fakiel
R EABEE F2 FEFRTY M FEEHSE Vet

B9, 4332F (Cr0) e EawH= AHeste] Mo 2 23 o2 EAHE (o
B), IEH 9 #®K{t4 (dextrin) B{bRS 2zt 90%, 98% L 70% W= #igke] & 7t
EE FRRC 2 o)zl gidl
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