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The utilization of poultry by-product meal (PBM) as a substitute for fish meal (FM) in red sea
bream Pagrus major diet was evaluated with yearlings and juveniles. Yearling fish weighing 280 g on
average, and juvenile fish weighing 54 g on average were fed diets containing 0-59% PBM (replac-
ing 0-100% of FM) for 232 days and 60 days, respectively.

In yearling fish, the growth perfomance and feed conversion of fish fed diets containing up to
59% PBM were superior or similar to the control fish fed a PBM-free diet. In juvenile fish, the
growth performance of fish fed diets containing up to 41% PBM was similar to that of the control
fish, but that in fish fed diets containing more than 53% PBM was lower. Feed conversion was simi-
lar or slightly decreased by dietary inclusion of up to 41% PBM, but it was inferior in diets with more

than 53% PBM.

These results indicate that FM in red sea bream diet could be completely replaced by the inclu-
sion of 59% PBM in yearling fish, and could be replaced up to 70% by the inclusion of 41% PBM in
juvenile fish, without supplementation of essential amino acids.
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Table 1. Proximate and amino acid compositions
of brown fish meal and poultry by-product meal
as protein sources, and krill meal used as a feed-
ing stimulant

Table 2. Fatty acid composition of brown fish
meal and poultry by-product meal as protein
sources, and krill meal used as a feeding
stimulant (area %)

Protein source: Bg(;\ﬁrn bl;g%g?zt mlgglllﬁ. Protein source: B%%ﬁ’n bﬁg?})firgct r%?g
meal*! meal*? meal meal

Proximate composition (% on dry matter basis) Cl4: 0 7.0 1.4 13.7
Crude protein 75.0 57.1 64.4 Cl4: 1 0.4 0.3 0.3
Crude fat 9.3 6.7 21.8 C15: 0 0.6 ND* 0.6
Crude sugar 2.2 2.4 1.7 C16: 0 18.5 27.7 19.9
Crude ash 154 29.7 10.4 C16: 1 7.7 6.0 9.3
Amino acid/essential amino acids (mg/g) C16: 2 1.8 ND 0.7
Lysine 163 140 145 Cl7: 0 1.3 0.2 04
Tryptophan 20 16 20 C17: 1 ND 0.3 ND
Isoleucine 83 77 92 Ci8: 0 5.7 8.0 2.9
Leucine 148 149 148 C18:1 11.9 44.7 20.8
Valine 95 94 91 C18: 2 1.1 6.4 2.0
Arginine 114 173 114 C18: 3 0.8 0.3 1.2
Histidine 65 48 40 C18: 4n3 2.0 ND 3.8
Threonine 84 85 83 C20: 1 0.8 1.5 1.5
Methionine 59 45 73 C20: 4 1.7 0.5 0.4
Cystine 24 33 25 C20: 5n3 13.7 ND 10.6
(Methionine + cystine) (83) (78) (98) C22:1 0.1 ND 0.8
Phenylalanine 80 920 93 C22:5 0.5 ND 0.3
Tyrosine 63 50 76 C22: 5n3 2.0 ND 0.4
(Phenylalanine+tyrosine) (144) (140) (169) C22: 6n3 18.9 ND 6.4
EAA index*4 100 72.4 95.1 Saturated 33.0 37.3 37.6
*1 Brown fish meal was made from horse mackerel as the Unsaturated 63.4 59.9 58.5
main raw material, imported from Chile. n3HUFA 34.7 ND 17.4

*2 Poultry by-product meal was produced by Okayama
Chanky Broiler Co., Ltd.

*3 Krill meal was produced by Maruha Co., Ltd.

*4 Essential amino acid index as 100 for that of a brown fish
meal.

DV, UV, AFFZVBLIT R T E T a0
P, TV VUBEV, BFM # &% » L/ PBM
DRHAT X/ BRI (EAAindex) 11724 THo- 72,
KM {3 BFM ITHART, M w7 ER 2040z Mg
BEd% v, Fi:, CAFVVELITY DVURR2
G AFFoVBET T I T 52V HBR05 0,
KM @ EAA index it 95.1 T#H-7-c BFM * KM ¢+
HERFEEE BT LI L T8 (Table 2), BFM iZ b~
TPBM T3, NIVIFVBBLUT VAL VEHE L,
BEREMEEEE (n3HUFA) 3a4shnThitd o,
RBREH 1ZROFEERR GRI) AW R
B OREEEE L URS A% Table 31273,
BFM % 50% &k #sB 1K) 2L, Hx v
JESENE L5 L 5ICPBM % 18~59% Bi& L
TBFM AR % 35~0% % L/ 5 2~6K)

* Not detected.
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LT PBM BLAROHINCHVHIK 5 & B38Mm L s,
HE R EERITI4AR 52%) #BREZAFRE LI
4BX FIHRTHD, 4~6 ROMIEHaBIT 14% BE &
IM3RDIIN BELVRRE N o7z, 4 X ¥R E4H
BOR AL T RIVFE—1013 4100~4200 keal/kg & L
LTWe, ZORBEAT I/ BARKIZIPBM ©07 3 ) B8
B Rk L C PBM BBAROHEMIZHE > T, LAFY
Uy AFFZVEBIUUVVOESESET LT IR
VEBIUT - VTSZVOSEREML, HRD
1R z#EH#EL L EAAindex {395 55 89 AN L{ETF L
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Table 3. Composition (%) of test diets used for rearing experiment of yearling red sea bream (Expt. I)

Diet no.: 1 2 3 4 5 6
Brown fish meal 50 35 25 15 5 0
Poultry by-product meal 0 18 30 41 53 59
Wheat flour 27.93 24.93 22.93 20.93 18.93 17.93
Feed oil 5 5 5 6 6 6
Krill meal 10
Vitamin mixture*! 3
Mineral mixture*! 4 17.07 17.07 17.07 17.07 17.07
Ethoxyquin 0.03
Carophyll pink*! 0.04
Proximate composition (% on dry matter basis)
Crude protein 48.0 46.0 49.2 52.0 48.3 47.6
Crude fat 11.8 11.5 11.8 14.8 13.8 13.9
Crude sugar 22.4 20.6 18.1 11.9 13.8 13.8
Crude ash 12.4 13.8 15.2 17.9 18.2 18.4
Energy (kcal/kg)*2 4257 4067 4170 4355 4144 4121
C/P ratio*3 88.7 88.4 84.8 83.7 85.7 86.6
Amino acid/essential amino acid (mg/g)
Lysine 149 143 143 143 137 134
Tryptophan 21 14 19 17 20 19
Isoleucine 86 85 84 83 84 83
Leucine 155 162 157 156 157 158
Valine 100 99 98 97 100 100
Arginine 126 132 137 143 150 154
Histidine 66 56 57 54 48 46
Threonine 86 86 86 86 84 84
Methionine 57 56 55 54 49 48
Cystine 11 16 17 18 23 27
(Methionine+cystine) (68) (72) (72) (72) (73) (75)
Phenylalanine 83 89 87 88 89 91
Tyrosine 59 62 59 62 58 57
(Phenylalanine +tyrosine) (142) (151) (147) (149) (148) (147)
EAA index 100 93.2 94.6 92.3 91.0 88.7
Fatty acid composition (area %)
Saturated 27.3 27.5 26.9 28.5 27.5 28.3
Unsaturated 70.3 70.0 71.2 69.8 70.8 70.8
n3HUFA 23.3 22.7 23.2 21.7 22.2 21.6

*1 Same as that in the previous paper.?

*2 Caluculated digestible energy: protein, 5.1; fat, 8.7; sugar, 3.5 kcal/g.1®

*3 Calorie (kcal/kg) to protein (%) ratio.

7= (Table 3), %&fA¥lo n3HUFA &3 21.6~23.3%
THY, &AL LI ODFARHBERE (0.5%
n3HUFA/diet) D &/ LTz,

0 MADMAF R K CTHALRIEIC AW/ RER A
(BRBRI) OFRAMKIT, Table4 »oHOL2RIDIC
FRARICBRLZO A2V —Z (1:1) BEHEL
% FL& L/ER® 1% WMo Licbtt, AR IO

ZThERUTHY, SRO—EBS R I FROX
NEFLL T,

EBRASLUVATESFZ BRI TH, SmAROLER
SR E 280 g D 1L AL LIRS T0RTD
AL, RS+ 1 2@, 18I 6 ARARH
L TI1996E6 B27TH» H 199742138 ¥ T
232 HEIMRE L, B FoAERIF 13.5~27.5C
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Table 4. Composition (%) of diets used for rearing experiment of juvenile red sea bream, and used for digestibil-

ity test (Expt. II)

Diet no.: 1 2 3 4 5 6
Brown fish meal 50 35 25 15 5 0
Poultry by-product meal 0 18 30 41 53 59
Wheat flour 26.93 23.93 21.93 19.93 17.93 16.93
Feed oil 5 5 5 6 6 6
Krill meal 10
Vitamin mixture 3
Mineral mixture 4
Ethoxyquin 0.03 18.07 18.07 18.07 18.07 18.07
Carophyll pink 0.04
Chromic oxide mixture*! 1
Proximate composition (% on dry matter basis)
Crude protein 48.8 48.3 47.1 47.2 47.3 46.7
Crude fat 10.6 12.3 12.7 11.5 11.8 12.6
Crude sugar 21.1 17.8 17.2 15.9 14.7 13.9
Crude ash 13.1 14.7 16.0 17.8 18.7 19.7
Energy (kcal/kg)*2 4147 4160 4104 3963 3954 4163
C/P ratio*? 85.0 86.1 87.2 84.1 83.6 89.2
*1 Chromic oxide : cellulose=1 : 1.
*2 See the footnote of Table 3.
THR L7,
% R

ARBRI T, 18RB720 2ED500 I 8Ky H—K
F— PRI TPHBESM g IEO0RAE, 1EB7
D20RTONELTRBEAKETESWIIEAL, R
Bk L 1 AIC3EMAKELTI9742 811 B
5411 BET60 BREHAE LA, REUESOKAE
i3 12.8~24.5°C CHRB L7,

AEHRE RRITREALE, ERKbhOEEAIC
I0REZEY BV, KB LAOLEGIICHELREL
o BRBRTRICIIER S5 ROMEKR, mERS,
BRIFRERG I LU HIFREE (HSD *5# > RO
HEITHRND L LS, FRESLUSREO—BEK
SEREBEIC L OGH L2

AR T, 20 BEICHE: L CHEARICHES RIE
L7, fE 37~39 A BiC 220 I RELEKE 6 Hic £k
HIOROREYZENZIIVE LT 24 BRI L7, 1
AR 2 Ko OHEEY T— IV LTCHHERE L, B
DR N7 EHAER (APD) %I L7190 REEK
TRICIIARI LR UEHB # RO HETHE L,

AERROKRE R8BI CTI3FHGE, HSI, mugk
RELCMPRFICOWT, RBRT Tl AT RS,
HSI, m#Ris LUK S 12>\ C Duncan D 4&
EIBEEIDIC & ) FIHEOZE L E L,

BRI PBMEAROBIMNICHS BIFEOETIZA
bhd, 2ROBMBIBERCTIERICKE L, HEIZ
41%PBMEAD4LARTRLIBEBN TR, 20D
PBMEASRXTLHBO 1 K EEL LIcREMBRED
h7c (Fig.1), 2~5K (18~53%PBM A &) DFH
WMERIT495~555g L IRDEFN (471g) LvE<,
BRHD6X (59%PBMELE) T 443 gLlRDx
NEDRPPBEVRBETH > (Table5), ARIEER
(Y) PBMEAXR (X) OMIcit, Y=-3.1.10-5
X?+0.001925X+0.386985 (r=0.702) o [E X 1E
bh, BoREXOAMBERIEARBROZh LD
LoE<, 2BRBROThIIERBROZh &IiTITFE
LB edB5Fh-7 (Fig. 2), SEBERICH AR
WHERE L RRZEARA LN, & PBM X T,
—WOBSE B TRENRE L RSO X VA7 BEHRD
IXNVF—HRBTPD LNz, ik, EROANNERIT
7% LT EEL, TAFHEMERRS XU HAR
IRIVF—ERE S HERASE AL T,

LEREL OTICHERO—BER S, B XURERRSD
BRI OERERE Table 6 iIRT, £REO—BRST
B, MEBO66ROKF I LIUHIEH YR &, 2K
DKGy, M2 UN\I7E, HEHL TUHEKSOSEIT %
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Fig. 1. Changes in average body weight of
yearling red sea bream fed test diets for 232
days.

Diet contained 0% (®), 18% (A), 30% (A),
41% (m),53% (o), and 59% () poultry by-
product meal (Expt. D.

KD8TRICHNTEL, £h4~6K 1% L
PBME&) 07V a—rv&Ei108~1.7% & 1~3
KD 4 % BiEBic X THOMTED, » 25, K, B
AUNRITEBIUCHARSOGEIZNEN 68, 12~14
B LU 15% BE LEML T, PBMES D 2~6
KDZ VN7 EERBRIT 16.6~20.1% & 1 KD 17.6%
LRAEAL LABL, BB IUIRVF—EERICD
RBEOER LA DN,

BEFRAER, HSI, mMEkRs XCMBRTGEZ
Table 7 1277 T, &FA PBM &K T20~60% &5
hiz, MR TR, FROKROFE S LUNEDY
VEILEL L TWiR, PBMESD 2~6 KON |k
709 MEBIEOZFh LV BEL C—BEECEREZE
($p<0.05) HA&R BNz, 2~6 KOFHHKRMIMANES D
YVEE (MCHC) 1 1RDOZNICHNTHERICES
($p<0.05), EHHRIMIKAE MCV) i< d—HDORMH
THEBEZRADLNK ($§<0.05), MRS EETIL6
KOTNTIVEIVATFO—ILER, 5BXU66KD
FUZ0ty FERMIRDOZNBICHNTHERICE
Mot (p<0.05), X VI/INZHER I A—ADEEIT
Hh—HMORMICHEEZE ($<0.05) BALNIH,
PBM E& R & OBIEMITIRD bNixd » 7,

ZRI KXOFHEEOHEBR S Fig. 3, MERMAL
Table 8 1275 ¥, REEBHIAKICIZ PBM BREA R OEMN
RRPDPRERTH - 72M, TORITHELLRDOFHH
REATRIT 1.5% A LB L TH Y, PBMEAICH
SEEFHEOETIIRDONEMh ol 5 BIT 6RO
W 2 KD S b 1 KDY VT v REOERIC
rA30THY, PBM ESOEETIIR,

HERIIPBMEARL LLBICETITAERICH >

Table 5. Growth performance and feed utilization of yearling red sea bream (Expt.D*

Diet no.: 1 2 3 4 5 6
Average body weight (g)

Initial 280+212*%2 2814212 284+202 277+192 279+%212 277202

Final 751962 781+103P 77994 832+74¢ 785+ 83bc 72011002
Average weight gain (g) 471 500 495 555 506 443
Daily growth rate (%) 0.39 0.41 0.40 0.43 041 0.38
Feed efficiency (%)*3 48.4 52.5 50.2 57.4 52.3 46.7
Protein efficiency ratio*? 0.99 0.88 0.98 0.90 0.92 1.02
Energy efficiency (%) *3 8.79 7.76 8.30 7.55 7.91 8.80
Daily feed intake (%) 0.81 0.79 0.80 0.75 0.79 0.82
B e e ey) 3.46 3.21 3.33 3.26 3.28 3.37
Mortality (%) 0 7 3 0 0 0

1 Yearling fish weighing 280 g on average were fed to satiation on the test diet for 232 days in net cage.
*2 All values are means of 30 fish. Figure in the same line with different superscripts are significantly different ($<0.05).

*3 Same as that described in the previous paper.?)
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W, 2~4RDOFEHHMEBERIIS3~50g L 1K D Zh
(58.88) LD RRBEVBETH->ADIHLT, 5%
JURDOZNIIN42g L 1IKDZh L DEBICED
o ($p<0.05), AMEIMER(Y) & PBME&X (X)
EORICIE, PBMEA 41% T D 1~4 XK Cit Y=
—0.00269X +1.166071 (»=0.691), PBM & 41% LI
D 4~6 R Tid Y=—0.00923X+1.452202 (r=0.843)
DERBABB SN, TOIK KL 43.8% &7z -7 (Fig.
4), 2 ROFFIBHRIL 76.2% & 1 KD 78.4% L 13iTFH

< 0.5

1™

5 0.3 ™ T

202 |

Y ’ Y = -3.1-105X2 + 0.001925X + 0.386985
-1}

> 01 (r = 0.702)
Eoo bl .
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Fig. 2. Relationship between dietary poultry by-
product meal (PBM) content with daily
growth rate of yearling red sea bream fed the
test diets (Expt. I).

Table 6. Proximate composition of whole body and he

red sea bream at the end of the experiment [

FTHoD, 3BLT4RDENIZ 0% MgeElEs
JU2RDEN LD ERICEL ($<0.05),56 L6
RDENIL64.0 LU 61.3% L X B o7, XIS
7EBRGS LU R F—RIC S ELUOKEIE 2% )
hiz,

APD, £RBO—BES B LUSERRFOEERY
Table 917~ 9, APD i3 PBM AR DOREIMIZHE - T
95.5% M5 88.3% N B AIIET Lz, 2REO—
BB T, HARRS S & A PBM B&ROBINIC AL -
T PH8% NEETL, 1KES5BLU6KOM
KHAEZ (p<0.05) BBZHOLNA, LhL, 2EOK
G, MEUNI7EBIUBRGOEEIIZhFh 68,
BHIU4KHETHY, —BEMICHEEZE (<
0.05) ABO>HN7H, PBMEER L OBIEMITZ 5
Nixh o7, HERBRS O RHFOERRIZ PBM S
RO > TETL, 4~6KDXVINIE, 2~6
XDRER 15 £ U 3~6 RO I R F—0 BaiF OERE
E1RDENG L DEBITED - 7 ($<0.05),

RETRIER, HSI, mERs LOnERS 2B
Table 10 iIZR" 3, BFPB 3B LU 6RTEFNEN 1035
KU 20% A Hh7z, HSIiZ PBM BA&RDOBIIC A
ETL, 58XU6KDHSIIZ11~12% 1K D
L6 ICHANTHBITE - 72 (9<0.05), Mgkt
F U MRS &BICIE PBM BAICHE S K & X%t
AN 57,

patopancreas, and apparent nutrient retention of yearling

Diet no.: 1 2 3 4 5 6
Proximate composition of whole body (% on wet matter basis) *!
Moisture 66.7 66.3 65.5 66.4 65.7 64.2
Crude protein 17.5 17.6 17.1 18.2 174 16.9
Crude fat 11.3 12.5 12.5 11.7 11.3 14.2
Crude ash 3.7 3.9 3.6 4.1 3.9 3.5
Proximate composition of hepatopancreas (% on wet matter basis) *!
Moisture 69.6 67.1 67.9 69.8 69.6 68.6
Crude protein 12.7 11.9 12.2 14.1 13.5 13.2
Crude fat 8.7 12.8 11.3 9.6 10.8 11.6
Glycogen 3.5 4.4 4.9 0.8 0.8 1.7
Crude ash 1.3 1.5 14 1.5 1.7 14
Apparent nutrient retention (%)*2
Protein 17.6 20.0 17.5 20.1 18.9 16.6
Fat 46.6 57.0 52.7 46.0 43.1 47.9
Energy 21.3 25.6 23.5 25.8 23.6 23.8

*1 A pooled sample of 5 fish.
*2 Same as that described in the previous paper.®
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Table 7. Incidence of green liver, hepatosomatic index (HSI), hematological and hemochemical characteristics
of yearling red sea bream at the end of the feeding experiment I

Diet no.: 1 2 3 4 5 6
Green liver (%) 0 60 20 40 60 20
HSI (%) 1.5+£0.3bc*1  1.7+0.2¢ 1.540.0b¢ 1.2+0.22 1.340.22 1.3+£0.22
Hematological characteristics
Hematocrit (%) 32.4+2.60 34.4+29® 36.1x2.1¢ 34.5+2.5%c 349419 33.6+2.0%
Hemoglobin (g/100 ml) 10.0+0.7¢  10.0x0.92 10.4+0.5* 10.3+0.92 10.24+0.72 10.0+£0.72
R loo o) 3094242 312433  322+17a 31929  314%25  309%25¢
MCH (pg)*? 32.6+0.82 32.2*+1.12 324+0.90 32.2+0.92 32.5+0.92 32.2+1.02
MCHC (%) *2 31.0+0.6> 29.1+1.32 28.9+0.62 29.7+0.8 29.1+0.92 29.6+0.62
MCV (um3)*2 10532 111+8P 11245 1094420 11245P 109+42>
Hemochemical characteristics
Protein (g/100 ml) 3.6+0.2% 3.6+0.32 3.7+0.3° 3.6+0.2% 3.5+0.2% 3.4+0.32
Albumin (g/100 mi) 2.2+0.1° 2.3%0.1b 2.2+0.1% 2.2+0.1> 2.2+0.1° 2.1+0.12
A/G ratio*? 1.7+0.32 1.6+0.2b 1.4+0.12 1.6+0.2b 1.7£0.2° 1.7+0.2b
Cholesterol (mg/100 m!) 213220 208 +25b 212+28b 199 +46° 190 +214° 166 +162
Triglyceride (mg/100 ml) 106 +42¢ 115+£33¢ 103+18b 93+ 28abe 761420 70182
Glucose (mg/100 m/) 4052 4372 48+5P 42432 42+32 44 + 6%
BUN (mg/100 ml)*2 3.8+£0.92 4.1+0.52 4.2+0.42 3.9+0.72 4.3+0.52 4.3+0.62

#1 All values are means of 5 fish (green liver and HSI) and 10 fish (hematological and hemochemical characteristics). Figures in
the same line with different superscripts are significantly different ($<0.05).

*2 Same as that described in the previous paper.?

% 2®

<24 0 (COEIEI9MkE 54 g) Tid, FAHEBUK,
IR, Brdor VN7 EERERS KU HSIE
PBMEEE L LHICETTHEMICH - 7CAH, 18~
41%PBM BEA D 2~4 ROBERABOIKDOETh L
M B BEN L > 2. T2, 2~4 KDORMTD
REE 2 & v/ 7 B OBERERIC bR HHHR L RRL
RREZERBED O, 2~4 ROMBEHIR I LT MRS
A PBMEEOERFERAONLE» 572, —H,
PBM % 53% D EEA LS B LU 6RO KL LU
SRR IT, HBOIRDOEFNLICERNTEREILS -
7=y CHALDOT END, 0RBAMRNICIIT % PBME
SEHEET A% BE, RRRBRILT70% BE LYK
INb,

EO< X4 0 RBIC BT 5RERE R VN7 HE
OFRESZHARET, SBM 28 25~30% (B 33~
61%),1610 SPC 25 27% (S REE 50%),% CGM 2
15% (B RER30%),.Y®EFT XXX VNI HE
(RPC) 7 10% (BMRER17%),® HEREFF VN
278 (MPF) # 30% (BB 30%)9k LUER
(Saccharomyces cerevisiae) 75 34% LA E (BB AE X
579% LA E)20 L @& xh Tk, PBMOF AR

SBM, SPC, CGM, RPC 33 LU'MPF o Zzh L D &N,
BEROFN L RABE,LPEN TS LHEIhD, 7
1 T 35T b PBM O F A k12 MBM, CGM & &
UF 22 mBuorh i DBEh TS EREINTY
5,2

< &4 0B Tii PBM % 53% D LEA (RBAE
R90%) +5 LABRENS -7, PBMORHEIC
P> B K OIS T 13 silver seabream Rhabdosargus
sarba® 13 X U chinook salmon Oncorhynchus tshawy-
tscha?® THMESINTHH, TOREE L L Tsilver
seabream Cii PBM BE&iC X A SIffighER DI &
USET I/ BOKRREH, chinook salmon Tid %D
EIFHE T ARSI Tw5, ZRABRTiIE PBM EESIC
EAMROBIFEETIRIFEA L, ERFCITRE
ReEaffsi® (n3HUFA) 0% WKM % 10% & LU
T 4 — FF+ A W% 5~6% HIMLTW5B7H, ILAD
DAEBWEBRERE (0.5% n3HUFA/diet) V&R LT
7= (Table3), L7ch - T, SR OBEFEET L
n3HUFA RED <X A BHEOEFRRLEE2LNT,
D LAHEFDT I/ BERE LU R V7 BE RSB
T5E2IKBEbNh5,

BRI N THEEREY VAV ETR, 73/ BEK
BELIEPMOENTED,® XERICAWPBM T
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BERAF VR AFF ZvHh4dir <, EAA index 14
S>TWie, TNERBLTCPBM #59% BE& L6 K
OFFRF T ERMEFHCHENRT, L AF VOV EAFF =
VRENENTO S LU 84% 47 <, EAA index 3
89 &4 > C\W/z (Table3), =& A 2351+ % PBM D
HWRY I/ BIERBEHFIhTWERWVAE, PBM R
MM OHIRRT X /B L LT, chinook salmon Tit A
AZVET 2T SR, W =< A Oncorhyn-
chus mykiss TiA AFF+ =V, VVVBEUT IS+
7 VBPEESNTWHDOT, PBM DT I/ BAR
REAXOERRICBEET S LEZ NS,

T/ BERICIZTAPD A PBMESE L & LIC
96% 6 88% IC{ETF L7 (Table 9), AEBTIE, &
VNTBUANDOELREZRIE CERP o7, Uy
BHARDETICAE > TRV F LR LET T3 &
E26h%, &7, PBMBERSICHS 0 RAOHREE
TR7 I BERBS LU X VN7 BB EROETICEA
THELHEEIND,

—HRIC, HERERERWHRORB S VAV EEREOSEL
FERORES L URETRIC X YR 5,20 Dong 529
X5 6EHEDOPBM O &% /N7 E&8iL55.5~
73.8%, HEEME 11~23% ¥ L UH K 541t 10~19%
EVWThLIKEL B TW5, T/, VU~ RKCEIT
% APD % 64.4~77.7% & B ¥ 1= £ Jx 5 , chinook
salmon Tid, HRORLZZ22BEOPBMIc kT %
APD 384936 LU 744% L X2 R, FOER
L LTEHOME L J U PBM OHK S & EDOERNE
WEIhTW5,22 X512, MM < MBM © APD (34K
FEOBRIHAWVET T2 LBEINTHELDT, 5 K
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Fig. 3. Changes in average body weight of
juvenile red sea bream fed test diets for 60
days.

Diet contained 0% (®), 18% (A), 30% (A),
419% (m),53% (o), and 59% () poultry by-
product meal (Expt. II).

Table 8. Growth performance and feed utilization of juvenile red sea bream (Expt. IT)*!

Diet no.: 1 2 3 4 5 6
Average body weight (g)

Initial 53.4+0.1 535201 53.8+0.1  53.1+03 53.3+08 554202
Final 112.2+1.86%2 106.5£0.7% 103.9+5.1% 104.4+2.0% 955+1.92  98.1+4.92
Average weight gain (g) ~ 58.8+1.7° 53.020.6® 50.2+5.1% 51.2+1.7% 422+11s 427447
Daily growth rate (%) 1.18+0.02¢ 1.10£0.01c 1.06+0.07% 1.08+0.02% 0.95+0.01% 0.92+0.072
Feed efficiency (%) 78.4+0.1¢  76.2+15¢ 710+0.1c  69.0+0.7% 64.0+1.2% 61.3+3.1a
Protein efficiency ratio 1.61+£0.00: 1.58+0.03° 1.51+0.00% 1.46+0.02° 1.35+0.03t 1.31:+0.072
Energy efficiency (%) 18.94£0.0¢  18.3+04%% 17.3+0.0% 17.4+0.2% 16.2+0.3% 1554082
Daily feed intake (%) 1.52+£0.04* 1.46+0.01* 1.49+0.100 1.57+0.02* 1.44+0.052 1.47+0.032
I()lféz/eff)%rgygl%%ﬁy) 6.29+0.158 6.07£0.058 6.12+0.412 6.22+0.06* 5.71+0.20: 5.82+0.13
Mortality (%) 25425 25425  0.0+£0.0¢  0.0+0.00 125+75  15.0+100

*1 Juvenile fish weighing 54 g on average were fed on test diet at satiation for 60 days in 500 / aquaria.
*2 All values are means of duplicate tanks containing 20 fish each. Figures in the same line with different superscripts are sig-

nificantly different (»<0.05).
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ERICHAVW-PBM i3, KRG EE» bEMHE « BHL
HEMLIIEZONT, PBMEAXROHEMICHEN
APD MET L7: & Bdbh 5,

1R (WHTFHGE280g) OFRMBREDL, BBHO
—i#B% PBM T LAFABK CHERBAER LT L
AEN, AHOLES PBM CRE L ERBB X T
L BERK L RZETH -7, T, £2TCOREROMm
BRSPS DEARBR AR TH- A 2D,
PBM i X 5 802 BREBSATHE LIS hi, BE#k

mAR, M, wE, 5

DIRBCEFLIRELZ VAA7EORAHSER,
SPC 7 50% (fBER 90%),8 CGM » 36% (&#H
RER70%)Y TH-7Z &h b, PBMizIh HRH
IVEh WS EHESIhL, CORERE LTI,
PBM 3 ET I/ BERAHEHENTEY, FUT
VAV —EOHFEERFEEERWI L, HR
VANZEESENHERNE  CHEEESENMEVCD,
BhOBEEERAEDL LRI VINIEERTESL
M X/ L, 151U PBM EEEROINICHE S FELTF
OB THBALN P>/ R EBELZLND,
<X A OPBMAIHERORAICHERTIRATE

1.4 ¢ Y=-000269X +1.166071 L&, REZ VA7 EOFIBEBRROREICL DA
—_ ¢ (r=0.691) LB EBGH T EROERERR< XA SIDMIC,
§,L2 TYDR VT ABTHIHESINTED, BOEKIC
£ 1.0 F H>7 3 BERBOETHAERRE L Bbh, 5HOM

=08 | / BBRIC S CHERZMRTH D,
s 0.6 b <X 4 1R&ETE, mFaLVAFO—LEES PBM
gﬂ : Y =-0.00923 X + 1.452202 BARKOEMMIME-> TET L, CGM OFIFtRE T
3,&4 - LI VAFO—VEESRBICETL, Lrdzto
= 02 | (r=0843) ETFRETTRBCIZIES L b o 7 R L2
0.0 o FO— RIS & 5O LT, 2 A4 =

* VAT O—VEETI®E0Z ERH6N TSR,
0 10 20 30 40 50 60 < xfobEERAICHTHMFTLAFO—IUETR
PBM content in diet (%) DELL TN E, FhvFL OBFIHBRMEL &
WRBHEDFR A ZHICS W &2 b, aVATFI—ILD
Fig. 4. Relationship between dietary poultry by-

product meal (PBM) content with daily
growth rate of juvenile red sea bream fed the
test diets (Expt. II).

ETICRERYEBHEL D BBORBEREVEIHERSH
%o M VAT O —) VIR FURKELCRIFRIE & OBIEK:
BTRBRENTNDH I &b, MBS L VN7 HE

Table 9. Apparent protein digestibility (APD), proximate composition of whole body, and apparent nutrient
retention of juvenile red sea bream at the end of the experiment II

Diet no.: 1 2 3 4 5 6

APD (%) 95.5 93.6 93.1 91.6 90.7 88.3
Proximate composition of whole body (% on wet matter basis) *!

Moisture 67.5+0.22% 67.1+£0.92 68.0+0.0®> 68.3+£0.8> 69.2+0.6® 69.7+0.8"

Crude protein 17.7+£0.13>  17.5+0.22 18.4+0.1b 18.1+£0.42> 18.1+0.22> 18.0+0.22>

Crude fat 11.0+0.7° 10.3+1.3% 9.9+0.12 9.6+0.22b 8.1+0.42 8.5+0.32

Crude ash 3.7£0.02 3.940.0%0 4.1+0.220 4.0+0.12b 4.4+0.2b 4.340.3%
Apparent nutrient retention (%)

Protein 28.5+0.2° 27.6+0.2bc  27.8+0.1¢  26.4+0.4b 24.5+0.82 23.6+1.02

Fat 81.2+5.44 63.3+7.0c  55.14+0.43c 575415 43.7+1.12> 41.5+3.82

Energy 35.1+1.1¢ 32.6+1.7b¢  31.1+0.2° 30.6+0.20 26.3+£0.22 25.7+t1.62

*1 All values are means of duplicate pooled samples containing 5 fish per each dietary group. Figures in the same line with different
superscripts are significantly different (»<0.05).

R R BERYA TV VREANBE RN RCELRAROMB—. FRSFEABREANRERRES, KEF,
1994, pp. 135-163.

R R BENYA T VRERNFAE KRB RCELSFEROMBE—. FHR6FEABRENKERRES, KET,
1995, pp. 145-170.
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Table 10. Incidence of green liver, hepatosomatic index (HSI), hematological and hemochemical characteris-
tics of juvenile red sea bream at the end of the feeding experiment II

Diet no.: 1 2 3 4 5 6
Green liver (%) 002%1 002 1002 00 00 2000
HSI(%) 1.6+£0.1b 1.6+0.1b 1.440.1a0 1.3+0.12 1.2+0.12 1.1+0.12
Hematological characteristics
Hematocrit (%) 44.9+0.32 42.0+1.62 43.1+2.22 44.01+2.62 41.5+3.62 42.6+7.12
Hemoglobin (g/100 ml) 10.9+0.12 10.6+0.62 10.4+0.12 10.3+0.12 10.2+0.12 10.1+0.12
Ceaiood el o 364+1*  356+12:  353:6°  347+4r 34848  345+1a
MCH (pg)*2 30.0+0.12 29.8+0.82 29.4+0.22 29.8+0.52 29.5+0.92 29.1+0.32
MCHC (%) *2 24.5+0.02 255+0.62 24.4+1.02 24.0t1.22 25.0+2.42 24.4+3.8
MCV (um3)*2 124412 118+12 123+52 128+92 120+92 123+21=
Hemochemical characteristics
Protein (g/100 ml) 4.2+0.02 4.0£0.32 4.1+0.42 4.2+0.12 4.0+0.42 4.3£0.72
Albumin (g/100 ml) 2.4+0.12 2.3+0.02 2.5+0.12 2.5%0.12 2.47%0.12 2.5+0.32
A/G ratio*? 1.410.02 1.4+0.22 1.6+0.22 1.5+0.12 1.5%0.22 1.5%0.22
Cholesterol (mg/100 ml) 241+152 217+12 2384222 230+ 52 198+172 216+ 642
Triglyceride (mg/100 ml) 110102 112432 118+132 1054102 1184182 116+122
Glucose (mg/100 ml) 57+2a 550 64+122 65192 66102 64+32
BUN (mg/100 ml) *2 6.2+0.02 6.9%0.72 7.3+£0.92 7.0+0.02 7.2+0.82 7.51£0.52

*1All values are means of duplicate samples containing 5 fish per each dietary group. Figures in the same line with different super-

scripts are significantly different (»<0.05).
*2 Same as that described in the previous paper.?
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