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ABSTRACT A 30-day feeding trial was conducted to determine the effects of feeding stimu-
lants in the diets containing soybean meal on feed intake and growth of Sebastes schlegeli. Six
isonitrogenous (50. 4% crude protein) and isocaloric (20.6 kJ/g) diets were formulated. The
control diet (FM) contained 70% fish meal as the sole protein source. In the other five diets

(SBM), 30% fish meal protein was replaced by soybean meal protein, but either without sup-
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plement of feeding stimulants, or with 0. 3% commercial feeding attractant, dimethyl-g-propio-
thetin (DMPT), betaine, or citric acid respectively. The experimeﬁt was conducted in tripli-
cates in 100-]1 indoor flow-through conical tanks at 2041 ‘C and 32 salinity. The fish at initial
body weights of 49. 83+0. 17 g were fed to apparent satiation twice daily (08 : 00 and 16 ¢ 00).
At the end of the feeding trial, the survival rate were not significantly different among dietary
treatments (P>>0. 05). The fish fed SBM without feeding stimulants exhibited significantly low-
er feed intake (FI, P<C0.05) than the fish fed FM. However, the FI of fish fed SBM diets with
DMPT, betaine and citric acid were not significantly different from that in control (P>>0. 05).
The specific growth rate (SGR), feed efficiency ratio (FER) and protein efficiency ratio (PER)
of fish fed SBM with betaine and citric acid were significantly higher than those fed SBM diets
without feeding stimulants (P<C0. 05). The fish fed SBM diets showed significantly lower hepa-
tosomatic index than the fish fed FM diets. The whole body moisture, protein, lipid and energy
were not significantly affected by the feeding stimulants (P>>0.05). The ash in fish fed SBM
diets with commercial attractant and betaine were significantly lower than that in other groups
(P<C0.05). The fish fed SBM diets with betaine and citric acid showed significantly higher ac-
tivities of trypsin in liver and intestine than the fish fed SBM diets without supplemental feeding
stimulants (P<C0. 05). The results indicate that 0. 3% betaine or citric acid added to the SBM
diet (30% FM protein replaced by SBM protein) can improve feed intake and growth response
of Sebastes schlegeli.
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Table 1 Composition of experimental diets

S (RRRHEYE RS
Treatment ( feeding stimulants ingredients)
HL ) B 0D i S k2 BH 3 Tk 4 5
Composition Diet o (ERERD  (HHEFERA)  (DMPT) (BB i 1.9
(Control) Di.et 1 Diet2 (Commercial Diet 3 Diet. 4 .Di-et 5.
(Basic diet) attractant) (DMPT) (Betaine) (Citric acid)
43 Ingredients
£ ¥y Fish meal 70 49 49 49 49 49
T ¥ Soybean meal 0 32 32 32 32 32
¥ Wheat meal 27 13. 4 13.1 13.1 13.1 13.1
13 Fish oil 0.6 3.8 3.8 3.8 3.8 3.8
il Soybean oil 1.8 1.2 1.2 1.2 1.2 1.2
TR # Premix 0.5 0.5 0.5 0.5 0.5 0.5
Ve Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1
HER YA Feeding stimulants 0 0 0.3 0.3 0.3 0.3
H 3% W4 Nutritional composition
M ZE X Crude protein 51.2 50. 1 50. 2 50. 2 50. 2 50.2
#1385 Crude lipid 11.8 11. 6 11.6 11. 6 11. 6 11. 6
8 (k) + &) Energy 21.0 20.4 20. 4 20. 6 20.6 20.6

1.2 XREMNMEHEER

TRHAAREESTYTFOMELNMAE. SREBKFEHR/NESLEEMG, £ 2 NKIR X R
R0 dEHEARMESL., TRITFHRNAEYE 49.831+0.17 g, LB 6 /4H, BN MHR I EE,. 8
ANEEH 1S Bf,

LR AEEFRAEKEEERAN 100 LRSI BERES, KERE S WNELIENEK, BIKERE, RE
0.4~0.6 L/min, W& B2 6.0 mg/L LI & ,pH { 6.8~7.2, K 201 °C,#h X 32, REUEEHRBEY
R EREMEBHKOS : 00 M 16 : 00), HRFWEHE N1 L, HBEEMELABREE AR EHABEEET NI,
BBEHEGWERE, A THRE, TESXERANE.

1.3 WEHEEMLBFHZE

LR LR R SRR 3 BIF T8 E Ak ¥R s . AESEREKS HEA HEE KM
BE B AR UK AR T4 15 (105 °C) JBLIRRE Rk R R Kope sk S AU 2 (AOAC 1995,

1.4 HULEBTEENE

1.4.1 B H &

FREERE, NENFERH PRULBUF K Vo 10 B, BUBEMBERE, ZIBRREY, =8 FKER
BERAEY, EERT. HERARE, WA 10 FEBREKGERELKSIRK, 10 000 r/ min . 30 min, B _EFR
YE BB, 4 CAF .50, 78 24 h WllE 2.

1.4.2 HikBgEERvAE
WMEABEEANE. SRBEFSF Q99D A B B 0. 04 mol/L EDTA-Na 0.1 ml , 0.05 mol/L
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M-S E W EFW 0.1 ml, B 0.4 ml,0.5% FEEE 2 ml,IBJGE 37 CAEB+, KM 15 min FIMA
30N=ZHZBE 1 ml, BL, M EFR, ABRK-BRARNUBERER. EXEINCTEMKBTRET4E
1pg BEMKNBERN 1 MBS 8.

(DEMBEEANE. MESEAMRHEE, BRYNRZHEBEFRMARK. € XFE 37T CTE484#
=g 1 pg TR R 1 IS 1800,

GOEMBEENRE., EXEPMA Ll ml KYBRA ¢ EHRETF 100 ml BERILZHEB FHMA
0.5 ml B§¥, B4, F 37 CHEB/KBRIE 5 min 5, MA 2 ml 3,5- " REKBREGRA LT, HIHER
BT WKED 5 min 57, BUEH#TRAKSEH, BEEEMAEEK 6 ml, A4 HEEIHE 540 nm KA A, XFRA
SEmBEBEMBBR. EXE CTEIHBULERER 1 g KEFROBER 1 NELE B0,

WEEBMETE. U4 NFEEEAERE, ANFERENE QERIMHERFEELRT 1995,

L5 BELBSSEITSH

SEES £ /Y 1% 3 % (Weight gain, WG) | # & 3 (Feeding rate, FR) | JilF & #§ #{ (Hepatosomatic index,
HSD FEH KL M Z (Protein efficiency ratio, PER) . 4% & ¥ K 3 (Specific growth rate, SGR) ., 18 ¥ % &
(Feed efficiency ratio, FER) FlJE #% & (Condition factor) i+ BE AR T .

WERWG) = 100X (RREKE-MHAE HRTAKE / MHkE

BEEKE(SGR) = (In&RKEE—In PIHEE)/ BERXHEX100%

BRF(FR) = 100X BHBE/[ FHRAETLREE) / 2]/ BRREK

A B(HSD = 100X fFE/ falhk#tE

BEHRRF(PER=AKKE/ BANEOLR

FRME(FER) = 100X k¥ E/ G HEE

FEW BE (CF) =100 X fath & & (g) /A KKK (cm)®

LB (Mean+SE) Al SPSS 11.5 it M #H T HEEF Z4MH, HEF B Fr (P<0.05) ,#47
Tukey ZEIE.

2 &R

2.1 BEAFAHFWRIITRKEHERMNEKHRME

231 30 d WFREARE, SABAWBIEESN 1000, 2AERANBERES, R ERERPRmTE
REYLEIRAE , RIEREMMERA LA, AZFAKNBERFRAEELER(P>0.05, EfI2F#HE T (P<
0. ) MBAPABMBEREHAYFTH. ETRHSERAPRNE L ERAABRESFRFaERR, BN
DMPT &) LA B B B3 S E A R R R (P<0. 05),HE B EHM MK T LA AMZIHER P FRMTRRH, #
HRMAEE KRB EAR 7 DR TN E SRR AR 4 b B A , 3 G P 8l i 5 <2 2 K 43 5 R
L27Yf 1. 29%, 52 R R ERRBEP>0.05), ETHERPRNELERN .DMPT 5 REMEER
REDFHBFRARFEERRZABA R ELR,BREEIHHBMHETHAM 3 MHP<0.05), FLABMAZ
RIRE W B . A BRSSO B 5 T H A& 4 (P<0.05) (& 2,

2.2 ARTERKRTEWRNEEERAESMERFBAEARR

TR AR mE R R Y R SRk S HER B MERYBEABEEW(P>0.05), ERERA
PRMELBEERMFRFANKS SEABMTEHMEHP<0.05), ERHERPFMTERMGHEERA
REORRFEANAHNEES2ARAXBEER RABNEMEARIDEN THZERAWEARRFEM
TR BB, HRETFHMBEHP<0.05), RKEFNHLAENE HEARKXRSARMAXLEE
57 BERBEE S FARIHP<0.05 (FE 3),



%4 BOWE R R T A K W 5
#£2 BAGRHYRMNFKEWNER BEERKE WAR IR ENTEEEORECESE L RER
Table 2 Effects of feeding stimulants on weight gain rate, specific growth rate, feed intake,
conditional factor and hepatosomatic index of Sebastes schlegeli (mean+S. E.)
mEs HMER mEEKE Ba®R HE %5 B iR it 4
Diet No. WG(%) SGR(%) FR (%) CF HIS (%)
0 81.95+5, 94b 1.29+40.22b 2.85%0. 04¢ 2.0040.192 3.71+0. 66b
1 55.3540, 04* 0.23%0. 01 2.24710.04 1. 89£0. 00* 2.6240, 102
2 60.0111, 882 0.43%0. 08 2.2840.08* 1.8240. 052 2.45+0. 17
3 61.00+2, 142 0.4740.092 2.63%10.11b 1.76£0. 052 2.70£0. 122
4 81,54+3.99° 1.2740.15% 2.79+0, 03bc 1.7940. 462 2.601£0. 47
5 82. 06+ 3. 84} 1.2940. 140 2.8140. 02¢ 1.77+0. 082 2.65%0. 20
¥ -5 bR FRARE R B EP<O.05)
3 FAGEHEYRNYRKTFHEAEHAES AR ARGKE
Table 3 Effects of feeding stimulants on whole-body composition and feed efficiency of Sebastes schlegeli
R B Ko AEE B B w4 B e
Diet No. Moisture(%) Crude protein( %) Crude lipid(%) Ash(%) Energy(k]/g) efficiency ratio ratiol %)
0 70.921£0.58 16. 6940, 21 5.4510.02 6.2840, 01 5.61%0.10 1. 6920, 202 86. 6711, 642
1 70.89%1.10 16.13%0.11 5.70%0.01 6.67+0.03* 5.5710.12 1.232%0.01¢ 61. 5710, 49¢
2 71.7540.76 16.39+0. 34 5.83%0.21 5.48+0, 21 5.65%0.29 1.3940.01¢ 69. 8110, 29>
3 70.8510. 64 16.2940. 09 5.29+0.07 6.65+0. 212 5.51%0. 30 1.45+0,03% 72. 4541, 54}
4 71.4610. 08 16.6110. 14 5.4810.31 5.9140.13b 5.601+0.25 1.69+£0. 17 84,74%2,11
5 70.3210. 43 16.83+0. 22 5.54+0.12 6.74+0. 102 5.6640.19 1.57+0. 062 78.6943.028

% [{—%) EHRFHAR X R B E(P<0.05)

2.3 fARRERREY R ELERE YR

BERAYEXNFREMELEEINERERRE 4, R4 PTLUES, SHBARFAR FARFEME
BRFY R, F RGBS EABNE IHERET2AKBHE(P<0.05);BREEN—EENER
Rt RENAS TRBSEABE L. SEDHBUVER F %I DMPT f#HER, F R PMBEEABNE LR
ERTABMAMBLBERANAP<0.05),  B5&aBAMBNrERAZ LB EEXER(P>0.05), ¥T
HMEAEBFRMBESREAYEN, FRFHNYFEARE NHERTARMBERE#Y KA (P<0.05),4
S5 BRERAEE. EARZED,FERARFRR KKt ek 8IS IR EE A B A B

BEEF(P>0.05),

F4 B R KT 8RR K

Table 4 Effects of feeding stimulants on the digestive enzyme activity of Sebastes schlegeli

g BEEREA FRRERE ) R IR
Diet No Proteinase in intestine Proteinase in llflel' Amylase in 1ntes.tme Lipase in llve.r
: (mU/mg protein) (mU/mg protein) (mU/mg protein) (mU/mg protein)

0 3.73+1. 142 7.05+1. 432 41.2%5.6 1.6840. 61

1 2.06+0.83% 3.56+t1.71b 40.613.5 1.7740.33

2 2, 8910, 54 7.1441. 892 42,9+1.2 1.89+0.12

3 3.56%1. 26° 7.23%0. 82 39.6+2.3 1.64+0.14

4 4,021+0.55® 7. 8940, 99° 43.1+1.9 1.7140.41

5 3.4841.06%® 7.34%1.23° 42.242.1 1.92+0.55

-5 EHRFERRZER B E(P<0.05)
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HOEREKT AR RA RS RE HRE KAV REEHE TR FIREIRPRRMS
AmeHE, A RKEE, MR REAE. EAZBROTHENE, TUREZATHERAF R PR AkmR+ L
EXRFEESFABNMES MeaRd M LIEREESEMNES XHHUEHESIFER A6
Ry RE TR, AN T IFR PN ER, I —SmMuE T HAK., AERERABFHEMN—
ERBEEREYE, TUESFRFaNBEERENREAKE, AEERMMEBATERN  BEREBETE
MBERAFRTEREFNERRM, ABS52aBAMARNMNE. RFES Q00D NERR FHM
SBRARIY R, AT LUE ELE M DR BB E SR R B 1 AR R GE R . R, RE R R AW R
AMURE THRBE O, T B AT SRS m R A E R AN E . RE RS E,

ALBRTHUFEEANNEERFIIEER FEBRAHERMNESY. BEAIELHRERE . BEERS
H AR BREEENYRS A, B8 ™A FFNBERR. AN SRRy SRR R R &5
2 AR IH AT SEEE , v B2 R 3 K085 09 5 & MR 8L 5% 4L 3 (Papatryphon et al.  2000,2001), #
HEZFQOORALHR . HERMAERL 1:1: 1 ARG EXNEFAEMEERN. 2RBAHFERS
X3MYEE SR FEEN, N FFR MM EShRAER. XTkSaLH E4BaRP&4
BMBEEARISHE X, REPE LI, DMPT. G ERW M BB F K FME BN BRE. HMmiast
EB X EERRHYRMNFRHIYE EEFETHE. DMPT i Txt K7 5 My 8 5% 0 28 B 38 FU 0 24 45 1 3
YE R TBEAE R 8 & A 18K & IR SR P, B R (R s A MR R W I, 38 BB 6 38 10 10 1) ) 3R LA R 8
f R4 K (Nakajima  1990,1992) , ALY /K= EAE RN IBEEHER. AR MEMKEEMARKE
BYHAFENAIR TERANARTESPEANKRBER(EEZANSE 2002), MEBNBEHER=H
WL, B—FEHUEYH . ACELHMHEBEAFEMRAKIR, Fat/ER B R4 A 02 38 DR,
ZHMBEN AT EE  REEEXTMBESESMHAEEEGESE  1997). FHERE X ER RS
(Reigezal. 2003) . BEFFHAEBHSE 19DMERAMNIFRIZESE 2003)EHERFHNBEER
.

AR EABEENEEARE. . SV EALBE . o)HNAHSE. 4EAFERR MW E 5 aKN
AT B0 T P T O 1L B R M 4R B T (R i A 3 B SR YR A I AR, BT R K A AR K . AL AT M
MAERM AENBREEHAYERA, FREMOEMFREEARENEERTLARA,. X5EBIHMHGER B
% 2007) .MI8%(Krogdahl ezal. 19O WAL E—H. CHMERANEAERIRETEHRERE
TR E OB H H F (Escaffre ez al.  1997) . K G 2 H (Bureau ez al. 1998)% , {14 THRECSHNIEH.
T FE PR P R R R W B, O K P B P E A SR RS SeadEBRE AR 0N
. RV (G 2000 MBF FHea (EHHES  1997) Bk oh B8 05E B i & 52, & 3 1 18 # B
ERECOMEIRERS. B CHFQODEXIEEFHEN—FERK DMPT i B ER SR T EMBHIER
B EOE LR AR RS TR . XU B R B (R ) R R R A K A R AR, R LR R E M 5 EH
BACHH B, AT AR FEFHEAEYEASESNAN E#4EK,
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