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Fundamental Studies for Establishing Rockfish Culture
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VI. The Protein Digesting Ability and the Favourable Contents
of Protein in Diets for the Rockfish Sebastes schlegeli

Koj1 IKEHARAD AND MASANOBU NAGAHARAD

Abstract

The laboratory experiments were made to determine the digestibility for different size of young
Sebastes schlegeli under different thermal conditions and to obtain the growth rate and food efficiency
for the uniform size of the fish at various fish meal contents.

The faeces/ration ratio was inversely proportional to the fish size with a formula: y=49.37—
0.316x (r=—0.8601). The young fish (body weight 4¢ in mean) commenced faeces excretion one or
two hours after feeding at the temperatures of 25-26°C. Duration of digesting activity at temper-
atures of 10-12°C was twice as long as that at 18-26°C. Digestibility of dietary protein increased
in process of time within initial 24 hours at which measured ca. 909, and after that no digestion
was observed. They were independent of fish size and temperature. Fish fed on the compound feed
showed normal growth, but some fed on the jack mackerel muscle for 2 months took a disease of

hypovitaminosis or died. The favourable contents of protein was estimated at about 419.

I.I& L & (<

7w v A Sebastes schlegeli HILGENDORF O f& i A pEWFZ2 11 Ak gt (BOAl - £8, 1973), #Hx
B (588 - @hy, 1973), BHIR (TUF - @, 1977), KB (k4 R, 1978) 7o & ChlkA &
NTODH, LRSS R 7o,

FF DL (1980) BEHMIDEKE FTY A 2 Afilud 7 m Y A HEOOBERBEAT0, 7
BYAMNY AL D D IEAEEIERTRECHEHASDERS L, BEGLREE LTER T

1) T951 FETAKENT 1 T H5939-22  H AHGXKEFILHT
(Japan Sea Regional Fisheries Research Laboratory, Suido-cho, Niigata 951, Japan)
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DI EERPRE L. FCTHIBICET 2 v v o oK BIPERE B PR B A LR, RO,
RO e Ex RO D ER AT oD THRETS.

WEICHN D, A& TR T I OB AR, KNBREHBSE, JHELE
T N B ATREPA R R, o4, MEREOERIC SIS RICRIR P v THE, ok
FI TP I T AP ABR AR R S B B O &AL bR LETFS.

O # 8 &F &%

7w v A TR REERAORNELORE LI TH DY, BEFAH LR
s 1 Ric s L, BHEEEPICKRE L7200~800 ¢ KEICIUA L, WHD 3 ~5 AEEF
7 & P ACTET TN, FOBEBICA L EFTOMBITHERO = 1, F703, <A
R A AV, RS LR o MR 2 K L, —20C THlkHTE L 72,

PEfR BB D SR L I K 0SB 19765 7 H, 1978410 H, 19794 4 Hic = F i ai
WATIe D72 b D THD, LL, 19769 7 EBRO G MIIAES 4~5.19 &/ <, K7l

LA 7 m v A DREFH H & REREN:

Table 1. Collecting and experiment conditions of the young Sebastes schlegeli examined.

. . . Experiment of

Benmetel, Spementofyoien - fubic on
Date of collection 28 May 1976 4~5 July 1978 4~5 July 1978  4~5 July 1979
Date of sorting 25 June 1976 18 Sept. 1978 18 Sept. 1978 3 Sept. 1979
Duration of starvation (day) 2 3 5 1
Period of experiment 29~31 July 1976 18~20 Oct. 1978 18~23 Apr. 1979 5 O°-~3 Dec
Number of fishes examined 11 13 13 12 or 13
Volume of running water (m//min.) 410~430 430~455 2100
Water temperature (C) 25.6~26. 0 18.4~19.6 10.4~12.4 14.7~23.6

E2R 7wy A DEFIHIEERES & EAE ROl 5 BBICER U2 feLE (B E
W, %)

Table 2. Composition of food used in the experiments of protein digesting ability and
favourable contents of protein in the young Sebastes schlegeli (Percentages in
wet weight).

. o Muscle of
Fish Pollack Vitamin® NaH,Po, Mec. collum
meal Flour oil mixture CaCoy -2H220 ) salt Cr,0, iiilélmac-

Experiment of pro-

tein digestibility =~ 24 28 12 1 1 1 1 2 0
30 60 6 1 1 1 | 0 0
E . ¢ ‘ 40 50 6 1 1 1 1 0 0
Xperiment o
favourable cont-, 50 40 6 1 1 1 1 0 0
ent of protein 60 30 6 1 1 1 1 0 0
70 20 6 1 1 1 1 0 0
v 0 0 0 0 0 0 0 0 100

) 7HALVER (1957)

mlﬁmar Seas Fisheris Research Laboratory)
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WEHMITANCE ooy, ORI IO THEPHERZHE Loy, EANHLEXRERkD S
T ENTE ok, COERE FIHREABICR S TABRERKEHNTHE L, iFhafllo-<
AL AR A AV, KR 1 B D REAE120.369, ORI, MM A% Ko
&, BEOMMIEEKER - @30 (1975) LR LUTHS. 1978410 A 55 L 19794 4 9B o ik
AT URERA I, KEIPNCL 77— 7 550 (3 E). EHE, HI7T9E 4 B4
B T 800 4 AHNICHNF ALK& 5 L, KRk 1 20F14 b i Km 1978410 3 R T
118.04, 19794iF 4 AEBATIE3.84 TH B, KoM, WOUPSE, Lo Lot
HKICHWBHEHE, b7 v — 2D ELEDFHFMEITAKIE 132 (1975) LW UTHAS.

#FIX 7 m A DRFABEICRERKO 1 kY 0 RS & T g
Table 3. Total food taken and faeces excreted by young Sebastes schlegeli in the experi-
ments of the protein digesting ability.

Period of expri- Body weight (A) Total food taken B Faeces weight per  C

ment (wet. g) per fish (B) Aﬁx 100 gh (C) - B %100
- (dry, g) (%) (dry, &) (%) _
13.28+ 2.32 0.51 3.8 0.25 49.0
18~20 Oct. 1978 { 20.44+ 3.92 0.81 4.0 0.37 45.7
31.29+ 4.73 0.94 3.0 0.37 39.4
37.08+ 8.70 1.57 4.2 0.52 33.1
29.24+ 7.65 0.70 2.2 0.24 34.3
18~23 Apr. 1979 [ 45,88+12.23 0.48 1.0 0.18 37.5
62.78+12.39 1.93 3.1 0.54 28.0
l 70.321+15.35 1.25 1.8

0.38 30.4

EETEEREICOWTOMRAILFAOKEZDL DA #E L, 2004 KEOAVHK
RECINZR Uiz, KBNS 3iEhs HIEEIUK L HREKEABE L TFH 1718 AR, 5 2.18
FK L7z, kb hoMliey, » vy sl hdaahs - kB (1978) L[ UTHS.

m # R & E 8

1. #HOHERRRE

19764F- 7 1 OFIHATE 4 £k 5 KB Tk, FEm TR 1T RFRILINIC T (45k
W 0.4%), 1~ 2BEREIHC 7@ED bh, v A 40 LR R Y S GUE - KE,
1976) . & OH2AUAMFILIN OB 2% < BEEBFIR TIRT8% I L, 48Ktk T TR
Lhtehy, EnUBREMERTE oG L RD. i, PARMEBEM 44~ 4805 [H (R dlife
MNCFRD BT, S 0iEhs, [ ~FETiie2t 2 3 2 -0 fEf (K 32. 1~40. 9nm, £
H0.8~2.19) TikfaeiE 1 RERBLDA SR OIEGRD b, T OIREH 2RI F Tl X,
IR A T < e 1), PIRPEBEIEY 1224~ 3AR RIS 8D bz, Tishh, 75 2500
7|y Ry A& B UCHPE IR, BRI TR & S v v B SRk
LT MATSUBARA (1943) iz ¥ “RlBEH Ik s L ARECH T T o£ X, HFOWR
L, Z7u YA, FYRAAN, TARANTE A A VETHMPERE CARTHS &
WMELTWBHOTHMIFRIOEE, Chbickd 0Tk EE:z Bbhb, FY 52540
FEORIEINISHL, 787409 A2 ALTIHARLSE . B EBOMERKGY &M LE
RO R QPRI E Y RET LV 2 ERF ORI HA T, EOFREILE 50 &2]l
O, b, WHEEONMOWE L T FH D THoT, TP IS S
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Fig. 1. Integrated rates of faeces excretion in young Sebastes schlegeli under different
thermal conditions.

DOTNDBZELBH D 5DDTIIEHA S h.

1978F10 A2 177 D1 PR E13~379 D EERTIL, T h b 3 ~24FR[H# & 33~48fHl 4
CHEERE SIS, Ok & X TIRFKIPIFEE RO BRSSOk, 20w
BIHEMR TR 24 8153, ASHRREI41294%, B1~BTHFREIEIC 96~100% 123 LT\ 5.
19794 4 A 47l o 7 PR E29~709 DEERTIL, 10 ARk & JIC X 5 RZIFIHRE S
WAXHED AR BvE, &0 & bR R12RE LA B & 3 D 7 <, 12~T2RE R Heie ity %
Dote. EEROREFPER I 24FRI%IC23%, O BWIRIEIN U T2 1286 %, 961
199G e S, 4 ~5 HREITHMIRT Lz, Lo L, FUEER CTIab4rr it PR p B
Wps 1 EZED S, STRFRILARE LGN 1~ 2 RS bhte.

DX 3I10A D13~379 % 4 A D29~70F Dk AN TR PRSI HE 1T A Bk
Vo L L, 10H OISR ESLY & 4 A0 TFHHRE299 DX S5 KEINZER—THHEIN
R Lic & 9 IR Sk R P PR TREIA 72D TW A 0T, oI AO K E 31
IOoTHE L DT W E W2 b, WHDOKEEZARS & 103 Tik18~20C, 4 ATk 10~
12CTH Y, ZOKEECIANHEOHECERA L TWE X5F 2 bhd. K TR
EFEDFRD BT T o e RIS RS O I BL A SR HEIC 375 &, 26~26'C TIh44~48FF
184, 18~20C TIESIHEfEE, 10~121C CTIX R AL TIE54RRIE, K IX96MH T, K
MMEVIZE EEEBETS L2 b, S0 X5, KENAEOPEMC kX BB 52 B
Z &1 BreTT and Hices (1970) OFISSHOLNTH DD, Z7r Y A3y A 230 (HE
< K 1976) RERICHRPR O LIERTE 5.

wiT, 10FICRT 5 ERFITIE, 1 REYe DEWIEMETE 3 RRLICX 510.5~1.64
TR EIRERS SIEH LT B0, ThRENRDOEKEICKHT 5 EMEOEAIL3 ~ 4% THEIT
g\, FEFEREIR0.25~0. 529 TEAHE L RBICRELARERSL S LTHw5. oL, &
HECT 5 HEROEA1133~49% TN 7oA ERL <P L TWv5. 4 Jicki 5 E5fl
TlE, FEHEEL0.18~0.549 T, HEEICH T2 FEEREOEGIL AHED/NE W IHAI 34,
38%, 28%, 30% T, 10 A/ IWERERS PT3535 5. Z Of5HE» O EHE
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T HEEROEAITAOEREICKIH L TROXTREINS.
¥ =49.37—0.316 %
r =—0. 8601
2. ZEBH{=
108, KU, 4 AoFBCRT 5 &R AKEOEAHEMARE, BFEOKE I L HEER
ZHLRTICHEMLTWADT, EBAZ LI 2 KIicR L.
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Fig. 2. Digestibility of dietary protein in young Sebastes schlegeli at two grades of
temperature.

10 A D EERBITITFAEE 3 ReIIN OB EHLER 46 LR35, 3 ~12F[#41C72~85%
WWER L, 12~#THRETIX90~95% & 237 b @\ REEN KRRV TV 5.

4 A OFEBFITIZ 6 BRI O MILEMNE6% L E2Y, 6 ~128FR{%I1C78~83% 1 L& L,
12~101BE %I — 3B H 2 & b h b b B — M 90~96% DR TH o1, 101RERILIRE 13
BENDICIDHBITE D7,

MR TR S LR E R A R L, FREZIBNC 6 eI TR, 6 ~12Rp[E1%ic
78~852%1C L5 L, 128[LIE TI1290~96% & S HIEm=R E e b, B0 D THIbER
DR T A AN AR B, E, 10H DO FEMNIERS88.9%, 4 HDZhi290.0%
TEWEZR LTS, {2T, 7r VA0 EAMERIKELEHED HEBIC X 5E DI
{, TAAANDET. 8% (KR « 13h, 1975) LFARICRIFTHD EE2 bh, oM
MEAMNER (B2, 1973) LHKRLTERATWS LK Ih 5.

3. ERHEREEE

BEHOMENCEE LTI R T 5 T 52 7o BEEEI Y & 5 &R AFRHX Tl
ERTHRTHO 1 RBY 7 ) B EI228~369 TH D, ENEHEEOD VR XEEMRE
D& IR BEARHA DRI 4R). —TF, ~7 VABHKOEEXISS T, 1IAKADT
2 HIEENEE O 2 Bk A B,
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AR OROSREOSCILZ v v A OE SRR (1979, 10~127)
Table 4. Growth and food efficiency of young Sebastes schlegeli fed on compound feed
with various contents of fish meal.

Fish meal content (%) Muscle of Jack
-~ — mackerel (%)
30 40 50 60 70 100
Number of {Start 13 12 12 13 12 13
fish Finish 13 12 12 13 12 11
Body {Start 10.45+2.54 10.53+2.46 10.70+=2.62 10.48+2.17 10.38+ 2.10 10.34% 2.18
Wel%,ht After 62 days| 33.27+7.76 35.56+7.62 35.39+6.79 37.1018.30 34.26+10.13 38.59+12.91
Average growth (g) 22.82 25.03 24,69 26. 62 23. 88 28.25
Total food taken per
fish (dry, 2) 35.64 34.58 30. 45 30.73 28. 47 15. 34
Conversion efficiency 64. 03 72.38 81.08 86. 63 83. 88 184.16
(%)

W, NI REAERIX E L4 R bRieh2keh, =7 SHHBKTIRIIAS0 I
12, 12A3HI1EABR, ~"WEKOFEIIVTFN$17F THO/. ZONELDOILA
12HIC S HAREIL 209 L2839 T 7 CAMBX D enTil ik b/hE <, ZoRlicit 3¢
WHEK B EAMEI L, WAk <M LT 7o, 11A24HIC 7% & 2 D Fifivk W72 Tre
A Abhie, Cofiue, <7 2 WAMXK Tl HBRET K 250 Wil 7
L, 205 HLOMBIIAELTIM LT\ EOTRMmMBIZITE 2 ¢ v AWK - &n, 1967),
By, B, C (#elE, 1972) ORZEELE LT=v <A, vrF, afittTHaLRTWA. B X
ZHIERORE S Z G D, ChxbiledlAoRERY, RAUSEMC I5H
5, BB\ B GREOME E LTONERT EO PR 508 LT3 v 5 #Hids
% (FIL, 1975). SliOFERI I oREFALE—FK L, <7 PARKREXTRERY 2 » HidE
A Lic b X2 RMeEELONS. -, FAEERIXTE, SR & LT20~60% D
INEBRRE R L VENGEINRT WD I DL S RBEENEC Sl olkctE L bRLb.

BRI DV TIE~ 7 SRR RS £ <, HMAFRKSIEFCHBE L, & <60%IXTE
WS A R TREREABLEEIN). KEOWTiL~ 7 CARHEIX & A560% X 2330mm T i
L <, DWTAHIK, 50%1X, 30%IX, T0%IXDIEC/e2> T\, 60% K E70% K & DFE
FETH T 3mmis X fe D

FEBRAR TR 31T % SRR BAPRHX Tl 60% XA 87% T b m <, wic, il
70% X, 50% X, 40%1X, 30%XDIHE7e2>Tb(EE4K). Lia L, ZOfEIZENCT R
for = A OFEREIRIZY G - K, 1980) X v {EHICH bbb T\ %, B H ek
OHERB OBIRNIAR MEEOR EFRTH b, 60%1X287% ~93% L\ . Z OEbE & FAL
TR ORGSR A A TIT7e27c v A 210 EBREIZ61Z THL DT (WHFE « kI,
1978) 7 v v A OERIERKIIE  E V2D —F, < 7 CARMIXK ORISR 184% D&
THHD, HEOFE MO THA LTWa,. Fihbb, EEMRIXK T 60% X001
#, HE, Ko FRLERTVWAEZ E0n, EAEREGEIANS TR LHEESINS
(GBS ). Ff, ZOoffir v A0 (R < kE, 1978) #ix U, HiL (1972), T3
(1972), #FH (1976), M - @&» (977 LAHE LCos SMEMHNOBEAURE SR
LHB L TIRIE—F L TR DB S o B,
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HOHX AMRIMEHOHEREEL #LvvARE (HER), RO, 7/rvA
BAROH LYy aER (RER)
Table 5. Contents of crude protein and calcium in compound feed with various cont-
ents of fish meal and calcium contents in the young Sebastes schlegeli muscle.
Food (%) Calcium of Sebastes
Food item
Protein Calcium Ash schlegeli muscle (mg)
30 22.9 2.40 4.9 14
40 29.4 3.05 6.0 18
Fish meal content (%) 50 35.3 3.54 7.0 15
60 41.3 4.14 7.9 19
70 46.8 4.83 8.9 11
Muscle of Jack mackerel (%) 100 81.2 1.5 14
v E #

EHZDL 7 v Y A OKREIG, KEFPEIATRME, JEAEHLER KO, EAEEGEY
KD DEERPITI, RO A E7k. ]
1. BRI EEROEHSIKOXTRINS.
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