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ABSTRACT

In order to determine the protein requirements of the Korean rockfish Sebastes schlegeli
six isocaloric diets containing crude protein level from 20% to 60% were fed to two groups
of fish, small and large size, with the initial average body weight of 8 g and 220 g respectively.
White fish meal was used as a sole protein source. Daily weight gain, daily protein retention,
daily energy retention, feed efficiency, protein retention efficiency and energy retention efficie-
ncy were significantly affected by the dietary protein content (p<0.05). The growth parameters
(that is, daily weight gain, daily protein retention and daily energy retention) increased up
to 44% protein level with no additional response above this point. The protein requirements
were determined from daily weight gain using two different mathematical models. Second
order polynomial regression analysis showed that maximum daily weight gain occurred at
56.7% and 50.6% protein levels for the small size group and the large size group, respectively.
However the protein requirements, determined by the broken line model, appeared to be
about 40% for both groups. Nutrient utilization also suggested that the protein requirements
of both groups were close to 40%. When daily protein intake was considered, daily protein
requirements per 100 g of fish, estimated by the broken line model, were 0.999 and 0.359
for the small and large size groups respectively. Based on these results, a 40% dietary crude
protein level could be recommended for the optimum growth and efficient nutrient utilization
of the Korean rockfish weighing between 89 and 3009.
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AHE-Ela glom, 4% EAfEE A EdHA g1 Jv Aot ot dR-E HERAT}
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Table 1. Composition (%) of experimental diets used to determine the protein requirements of Ko-
rean rockfish

. Diet 1 2 3 4 5 6
Ingredient Protein level (%) 20 28 36 44 52 60
White fish meal 279 39.1 50.3 615 72.6 838
Dextrin 52.0 415 31.0 20.5 10.0 3.0
Pollock liver oil 9.6 83 7.0 5.7 44 21
Vitamin mixture' 3.0 3.0 3.0 3.0 3.0 3.0
Mineral mixture? 50 5.0 5.0 5.0 5.0 5.0
Sodium alginate 2.0 20 2.0 2.0 20 2.0
Alpha cellulose 0.5 11 1.7 23 30 11
Nutrient content in dry matter
Protein 20.5 28.1 36.1 435 519 594
Lipid 12.3 115 10.6 10.5 9.1 7.6
Digestible carbohydrate 50.9 402 29.9 19.6 9.5 2.8
Ash 94 114 13.2 155 17.8 20.3
Metabolizable energy (kcal/1009)? 355.7 350.6 3476 349.1 344.0 344.1
! Halver (1957).

2 H-440 premix NO. 5 (mineral) (NAS 1973).
° Based on 4.5kcal/g protein, 9kcal/g lipid and 3 kcal/g digestible carbohydrate.
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AY 28 Fo] 2 222 ¥ELE #Hae 1578, —FRs 3gdE EFRE FE30
Sfaje] S S EAQT. 2 £2ER2 329 ofAE chopper® EH T ¥, B FiRiE A
60CZ 10 A7t Ax3te] B4 A g2 stgth A4S Mgk #Hkek (105 0), MEAE S Kjeldahl %3
EEE (NX6.25), HISH < etherS = 3F Soxhlet g, MUK 52 #3X KAk (550 T, 5~6A131)
oz zbzt Btk il Rkl e A3 Abzol A7HE dextrin FFHE BHE BAst
Axrzl 2 GErf LTt

39, misy A2 RE EAE EEEY FE ERES ik, AEEY FE o BRERE 565
9 940 keal/gS 27t F3te] U A HHES ANsAh 183 AEERY RKILY EHES S9
Homgz o] e FAFAHTh
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Y A2E HEsH (ANOVA) S & 3 Ji7re] FEHS AR, Mk BEH ek #E
faBangsr ol Mkl disi X e MRS S STk EEE kRS QR BERS RS Kk EEhR
(Cowey et al. 1972) 7 broken line model (Robbins et al. 1979)& ©] -3t A st 12|13l o2&
o 249 EAE ERES BRF BREES sty AR

BsOR

Wk Hefaol —EfS MEEEE Table 2 2 30 vebd vie} 2ok fRIEE? B EEE,
A EGE THE 2 AR dUA EEES ol Zol} EEA A —FR BT HOH 4%
SRR E AMHo g Z7heta glot, T ol Tl EHE AR SR ET8k gnEo] ofF
AAY 938 A3t e BEEE aFd U2 O BERE] Wiz FE Kk mEihRE
T Z35lo], v 2ete BARE Bad BEE EXRES 73 A, EF4L AT 56.7%, —Fhas
50.6% 2 EiEAd fEfa o) EREo] —FfABTE o7t %A vebktth (Table 4 ® Fig. 1). 123l broken
line model®l ¢]3 BEE EoxkE AT EHELE MM 4089+ 2.036%, —4FH 3991+ 0.774% 2 o)A
Z7)17kol ZFol7b 10Tt (Table 4 2 Fig. 3). 39, B EEE BIES 7IT22 89 oA 1009
o AR BAE ERES 78 A4S, Kk EFEdgel A% FHXE A R 1349, —FH& 043
go] 21 (Table 4 2 Fig. 2), broken line modeldl ©3 FHX = HEEA #A 09900279, —H&
0.35+ 0.006 g1tk (Table 4 2 Fig. 4).

HEA R SRR 2 BER BN B8 A Rd, HREERS EHE 4 Sk 2t
At Z7bste AR RALH, BEHE 4% FAOAAE 472% X FE 798% 74 WA S}
Qor} 1 o|Foi= 81.3~856% 2 1 EimEo] o}F 2gkth (Table 2). ¥, olob= Wt 2 FAHE
ERAERS ArEe BEE 48 719 et 339% 014 269% ) o2V 7AA A Aide BES
Bgon E3 HHE 4% 52% fk AtoldAE o 3% 7t ZAE ZF fkEe] B B R
14% o) v)3te] gl Fra A Ak 11 NUA BREHERL 274~4.1% HAZA, EBHE
36% FEAE AdRow Zrstg oy, o oFe & F/b itk 39, —Fae B, #
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BaeRe At F74sted EAE 52% RN 696% 2 AY ¥ S BYR, 1 oFde i
31tk (Table 3). EEE EHMERS HEHE 28~44% ik Alolol A= 222~234% HY 2 fapkisiol
Z Aot iAoy, EAH &0l olBvh & 52% 9 60% fAkAINE 247 190% 2 178% =
A Zastdoh a9 VR EEAEE EEE 4% @A AU 334% 8 B ¥
t2ole= 304% 2 257% 2 7ASAch

Table 2. Growth performance of small size Korean rockfish fed diets containing graded levels of
protein for 44 days'

Diet 1 2 3 4 5
. SEM®
Protein level (%) 20 28 36 44 52 60
Initial mean weight (9) 84 85 84 82 84 85
Final mean weight (9) 14.6 16.8 191 206 20.1 22.0
Mean weight gain (g) 6.2 83 10.7 124 116 136
Daily weight gain®* 121° 149  177° 195%¢ 1869 202 0.032
Daily protein retention®* 0.18 0.23° 0.29° 0.32¢ 0.32¢ 0.35¢  0.008
Daily energy retention™* 250° 287 3459 3529 331° 357 0077
Feed efficiency (% )° 47.2: 59.2 71.2¢ 79.8¢  81.3¢ 85.6° 158

Protein retention efficiency (%)°® 33.9° 326®° 318 29.9° 26.6° 26.9° 0.77
Energy retention efficiency (%)° 274° 32,5 40.0° 4259 423%  44.1° 1.06

Daily feed intake?® 2.56 252 248 244 2.28 2.36
Daily protein intake*® 0.53 0.71 0.88 1.06 1.19 1.27

! Values are means from triplicate groups of fish where the means in each row with a different
superscript are significantly different {(p<0.05)

2 g/(100 9 fish weightXday).

* kcal/(100 g fish weight Xday).

4 Fish weight, protein or energy gain

[ (Initial fish weight+final fish weight)/2]Xdays fed 100
> Fish weight, protein or energy gain
- - X 100
Feed, protein or energy intake
6 ..
Feed or protein intake % 100

[ (Initial fish weight+final fish weight)/2]X days fed
" Standard error of the mean=+v/MSE/n, n=3.

BEA R —FRe 2AR RS BAXE AMESHY, Al 719 wet ke msol
Bl g vAe 4TS oM (two-way ANOVA) 2 43195, T 2} groupmho} —IT5 %R
(one-way ANOVA) 2 HBiS# S AAI3HATH (Table 5 2 6). L5 3E 2o o5 Ao fiH<
faRe) Ko, BEE 2 FHE S84 25 9T nAe v, g0l 2rle K53 FE SR
FFE T A= Uebgt (Table 6). 4 ffd o), 2 EHE 4BY AraEe
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Table 3. Growth performance of large size Korean rockfish fed diets containing graded levels of
protein for 42 days

Diet 1 2 3 4 5 6

Protein level (%) 20 28 36 44 52 60
Initial mean weight (9) 2156 2133 2219 2216 2216 2204
Final mean weight (g) 239.5 249.6 2729 281.0 280.4 2759
Mean weight gain (9) 239 36.4 51.0 594 58.8 55.5
Daily weight gain* 025 0.37 0.49 0.56 0.56 0.53
Daily protein retention* 0.01 0.06 0.07 0.09 0.08 0.09
Daily energy retention* 0.20 0.90 0.81 1.04 0.84 0.72
Feed efficiency (% )* 284 41.5 55.3 63.2 69.6 65.0
Protein retention efficiency (% )* 5.2 222 218 234 19.0 17.8
Energy retention efficiency (% )* 6.2 28.3 26.2 334 304 25.7
Daily feed intake* 0.88 0.90 0.89 0.89 0.80 0.82
Daily protein intake* 0.19 0.25 0.32 0.39 0.42 0.49

* Refer to Table 2 for the unit and calculation method.

Table 4. Second order polynomial fitting and broken line model of daily weight gain to dietary protein

levels or daily protein intake

1. Second order polynomial fitting
(a) Variable X : dietary protein level (%)
Variable Y : daily weight gain (/100 g fish weightXday)
Small size group 1 Y = 0.162 + 0.0 407X — 0.000565X*
Y maximal = 1.978 at X = 56.7
Large size group . Y = -0.315 + 0.03477X — 0.000344X*
Y maximal = 0.564 at X = 50.6
(b) Variable X : daily protein intake (g/100 g fish weightX day)
Variable Y : daily weight gain (9/100g fish weight X day)
Small size group : Y = -0.109 + 3.1163X — 1.15963X*
Y maximal = 1985 at X = 1.34
Large size group . Y = -0.468 + 4.8015X — 5.61801X’
Y maximal = 0.558 at X = 0.43

2. Broken line model
(a) Variable X : dietary protein level (%)
Variable Y : daily weight gain (9/1009 fish weightXday)
Small size group : Y=1941—0.035 (R—X.z), R=40.89+ 2.063 (SE)
Large size group : Y=0551—0.015 (R—Xz), R=39.91+ 0.774 (SE)
(b) Variable X : daily protein intake (9/100 ¢ fish weightXday)
Variable Y : daily weight gain (/1009 fish weight X day)
Small size group : Y=1941—1.582 (R—Xiz), R=0.99+ 0.027 (SE)
Large size group - Y=0551—1.853 (R—Xiz), R=0.35+ 0.006 (SE)
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747k 163~17.3% 2 685~700% WHZ As59 EHE 48 379 dEd 234 F7lged,
TEHEES 100% M 82% 7HA]l A& A dte A S B Atk (Table 5). ¥, —F/ 9 Ky, BEHE
2 RE a8S 44 659~69.0%, 161~17.2% = 100~121% HWHEA, o= A% FHEALS 3
T A #ATE AACE A, Koy aES FEHERES A8 27 me Aolg Bied, Ky aEe
HARTE Baetd EEE AV —FREY F 16% B2 U, RESES —FHA7 18% A
=%

Table 5. Proximate composition (%) of the whole body of Korean rockfish fed six different dietary
protein levels'

Initial Final )
7 Diet 1 2 3 4 5 6 SEM
gr;léligz'e éroup
Moisture 69.7 68.5% 688% 689  69.0° 694% 700 023
Protein 174 16.3 164° 16.7 167 172 173 015
Lipid 7.7 10.0° 94 9.6® 9.1° 8.3° 82 0.20
Large size group
Moisture 65.8 67.9 65.9 67.6 67.0 69.0 67.9
Protein 174 16.1 17.1 16.8 17.2 16.8 17.2
Lipid 11.4 10.8 121 109 111 10.6 10.0

12 Refer to Table 2.

Table 6. Statistical analysis for proximate composition of the whole body of Korean rockfish fed six
different dietary protein levels

Two-way ANOVA Small size group Large size group
Diet Size  Interaction  One-way ANOVA Correlation Correlation
‘Moisture  p<0.005 p<0.001  p<0.05 p<0.05 0.765* 0447
Protein p<0.005 ns ns p<0.005 0.847* 0.629
Lipid p<0.001 p<0.001 ns P<0.0005 -0.879* -0.664

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

2

B EEE ERES Al Z7], KR, WAEE, fk HEFE, fE ZEaE 8 2 FEAYE
A &L 22 o) 82 o3 JaFS ui=r) (NRC 1983). &3 593 48 AF}E /IR
EEH ERE RES AN RS Fo2 310, o\ BEBR S HES ARl uje) g Fgko)
Zebd 4= 91} (Tacon and Cowey 1985 ; Baker 1986). AEEA = HR HBEES A= 3ty
Tk [E%FEIAR 2 broken line model S AM4-3le] ZERE ERES P35t 1 A9, ik Mgl
o5t HEH BXRES EE4E it —FEA7 42 56.7% 2 50.6% 3L, broken line modeloll ¢]3F
AR e EEL #A —EL 7Hd 8 Zol7) glo] 40% WY Hrh
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—k EEg) o FEE ERE HE RS Tk IR Aol A7t He B (X
KEE) ] BEE 48 Fahe A, BE g8 oz FI a7 FEgd FAV & ol
E o]t} (Zeitoun et al. 1976). ¥k EBIF RS broken line modelol A&} 2o 7o) HA}7] W3lt=
AAE FAHE BAA2HE Hol glenz AH RENES vEtd= dv o @&, o] 2 A
TN BEE BEREL AWBN RAKRS 3 a7 Zolgt & & 3t} (Moore et al. 1988). L&
o] Mo AEEIA EEA MM —FRe A BEREC EAH 4% o3 kM 24z
1.86~2.029 % 053~059 g WA Z FEife] xtol7h Ao AAD AR o), ek KR FIollM =
APE o] EAHOE oA Aoy}t e BE nAFA gh= @R o] vk (Zeitoun et al. 1976).

ol 9 BE BABE ofF AA Hol @A o]8-9] kMol otk =&, AHEHIQ Rit
NME Fhk KEBS, Adot gt o]& Ago] ¥e MAE L3384, 3 BEEHY £t 2
229 g Fo| BEHAS o JelE 2 JA] FEMol AY EHEmcleta & +& vt (Baker
1986).

%3 broken line model2 HEE ERkE olstdAE Alg e EEH SET BE Atold AAM A
G AP EAT, a7 ool HH FEEMKCl Ao (break) FE3HA Hol, o o]4e]
BERA S RS RS it o] BHle Ao RRIES EAIBHE d Aol ik M
GHOE FAEs QoA ERkE RES FEstn ARHoz & & gl FHo] vk (Baker
1986). t3-%-7], broken line modeldl &J& AR 27 3 FEHE W9 TF F RAH BERE]
ol ALY Z [EIEE AT T TEY FAE ERkEo EHE £Fo)22 (Baker 1986),
— vk @EEhE] o8] AR Qe FZRThE £/ 3A YEhdth wEkA, o8 g fEe T HEE S
FAE A AAe] tha Robd 7sAdol et ALg 9] ol & WM E gl ¢ At &
th AFBIAME broken line model2 T3 EEHE BEXRES HF4E R 409%, —FR 0% =2
ik [EEFHRgY Q73 HEOE 43E] 2L AE Ho Fa Qo

AEERO #R JeId 2u 2] SR TRAKRS SHEY, 54 MRS ERE BREERS
fFk BEE S0 e et A% Badrle s oy 4% E oA EA EEe] AR,
U A BRESES K EAHE 36% ©ddAe o o449 Frt glo] 44 AL £ o, EEEK
ERENERS AU 5hs EEL #AL HIE BEE 282 36~44% Alo]dE AlEkAL gl ®3
—fEfo] YR BEEE AR #AY rIRAR fk ERE S8 4% dolAuA
FA3%) 2AHL, U A EHEAES EEE 4% @l AUz Jehda e, ZRE 2 9
Y7t R oz 228 ¢ e fkle BE EEE a8 4% o8l AL & F A oldH
o), BHEF LR mAAY 2B EEE EXES A, —FR LT 0% HIdx
9lo}, FiES A X broken line modeld o] &3t 43 EAHE BERE 40% 9 AAstm glrh

o9} Zo] AEERS AF —k EFFHE 93 EEE TXRE FHAS EFEE #HAUT —FREG
ok7} =9ro1} broken line modeld] 93 FRAA) BEF LEEEXRS 7152 FES 8732
o] Z7|7bol B FolZ Rolx ¢tk ol BHslY dwrFH o7 MMHY BRE EREL oA
A7) 2 FEEY Z7he B ZAadita dA o, o urdsE 2 7-Fe] o Wilson
and Halver (1986)+ ol2|7}A] A& AH 2R H o] £ EAE EREFHY #AE A8y,
et A £3le Ady], o) £ dElyoles BF g wel BEE ExkEo] AXR v
o}lx]= AL sholslsd ). Wilson and Halver (1986) &= W3 pyatkel JojfHd] o= 22 e
weoltka Amslal gik 28], o] o] dAolfEsl ] 28 U&-S HESIY B, Aol FelA
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& ffEo] U AETHE g o g AR Ao] ohx, dojffd) &3le oE A FNE
< &) 7& flo] FBE S A, Aol wel BEE EkEo Mgy 222 ygu
A 5 Gtk Tl 22 dojfae EXEle ERE ERELS Al g ts s 9ong
HES EstAl &2 A, oled 488 gl v vt gEdy A4En. 4 5
go 2 HES) BHY, BRMAS 377} 35~2559(Satia 1974), 6.25~185 9(Zeitoun et
al. 1973) % 6.2~8.6 9(Ogino et al. 1976) 5= Hifa el Aol EEE BEREo) 2F 40% HIQx,
153~387 g(Austreng and Refstie 1979, cited in Tacon and Cowey 1985) 2 250~550 g(Beamish and
Medland 1986) H& & 1L7]0] AAME 42~43% =M, 27] 2 ol W2 BEE FoRE o7t
A VR A] tth Aol A AFe AA P AEBAAMY 29 EF BAE EREE HE4 #LY
1/ 25 40% 24, Folo} vhA7IAZ g 27|70 8 o] S HolR) gksit) o] ¢} go], pfit
Rt HRY R [ 47 wE BEHE FRE patterno] T2 AL, HAN MBS A
o2t kol A AR = A de] Wt d vl HAN: AL oY 279 2 1Y)t Atk
W7t Blay A2 d 7Asks Aoz AZtET KKolA e Atkd B3 AT An zyzge
ol 2AE, AT 2 AFE I, KR E R, 2AF ALH @ ARES F=
He A WAl BEdel %A Ao} (Hatanaka and Tizuka 1962 5 El) 1988).
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