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POULTRY BY-PRODUCT MEAL
AQUACULTURE DIETS

Fish meal replacement in aquaculture diet is recognized as a major international research
priority and many dietary development studies using different species and ingredients
have already been conducted. A substantial number of studies have investigated the
potential of soybean products as a replacement ingredient. Rendered animal protein
ingredients also have great potential to replace significant quantities of fish meal in
aquaculture diets. Animal proteins contain few anti-nutrients, aflatoxins/mycotoxins and
do not contain significant quantities of indigestible carbohydrates, which can restrict the
use of plant protein sources.

Marine protein sources have been shown to have an excellent source of indispensable
amino acids and generally enhance palatability. Marine by-product protein ingredients
are generally more variable in composition and like all marine sources are commodities
for which supplies are limited and their demand expected to continue to increase.

One of the more promising alternative ingredients is poultry by-product meal (poultry
meal). In studies reported by the University of Texas at Austin [Aquaculture 185 — (2000)
291-298), Dr. Allen Davis reported that poultry by-product meal served as a very suitable
partial replacement for fish meal in juvenile shrimp diets. The replacement of 40-80% of
the fish meal in the basal diet resulted in a significant increase in weight gain and feed
efficiency.

A recent published study by a collaborative group of Experiment Stations and
Universities in Japan report excellent utilization of poultry by-product meal in Red Sea
bream. Sea bream feeds generally contain high levels of fish meal. The complete report
follows and these results indicate that fish meal in red sea bream diet could be completely
replaced by the inclusion of 59% poultry by-product meal and could be replaced up to
70% by the inclusion of 41% poultry by-product meal in juvenile fish, without
supplementation of essential amino acids.
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Utilization of Poultry By-Product Meal in a
Diet for Red Sea Bream Pagrus major

Shusaku Takagi, *! Hidetsuyo Hosokawa,*?
Sadao Shimeno,*? and Masaharu Ukawa*3

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
599% 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 539 PBM was lower. Feed conversion was simi-
lar or slightly decreased by dietary inclusion of up to 419% 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.

r_—F: &L, fE, FEVI-N, REFV7E EAHER

FEORBELOBEICHAT S0, REEROR
Bicftb s 2 VA7 EESARFES O, EEOEMEL &
UBWREMSFIATELLAHLI R > TW
2.0 205, BHEORES 7 ERIIEICEE
ESWHETH), ZOX>RE - - KFIFRROERIL
st 2\ 7 BEOEDFIROBRAN» D, SHIOE
ERIHT LEbNh %, BSEREDEROREZ VN7
HEFETE) S—Ft=s—W (MM), 3—FHR—VZX
—) (MBM), 7x¥—I—=WBIUFF/I—N
(PBM) 7 ¥#dY, BAEHOTELBERERTDHS
v} Seriola quinqueradiata,®® ©.5 A Paralichthys oliva-
ceus¥® 35 LU k57 & Takifugu rubripesPIZ 510 5 Xh
LOFARAHREESNhTED, EELLhETIZTY
SHE~0OPBM ORAHERER K LEEELS XD
FIFEEE MBM, o—v 757 v3I—) (CGM) B X
UF2xmEnEBhTwWAT br@ELL? 17

& A Pagrus majour ¥ Ti2, BEKEZ /7 H
(SPC)® 2 CGMY O F AL 7V FROENICHNT
BV EbK, BAOBERICH > TR A LEREL
tee COT=¥, <F A fAFHCE S PBM OFIAKEL T
YIEHNTEL, ROREICH > THEHADTIR WA
rBbhi, LrL, ¥4 8F~0PBM OFIRAEIC
SWTHER STV,

- TAELBR TR, <74 FRiCEkT 5 PBM ORES
#HABF O BIU L RATHVWTRI LA,

HHEELUHE

S N0BE 759V 74 23— (BFM),
PBM U4 F7 33— (KM) O—BES526U
I27 X /B8 % Table 1 I27" 7, PBM & BFM iC
~T, By \7EESRENST1Y, HEEES 6.7%
VIEL THES 2 29.7% LELIBEYV, T, LAF

*1 @EE A @REE (Ehime Prefecture Fisheries Experimental Station, Uwajima, Ehime 798-0104, Japan).
»2 gankar @ (Laboratory of Fish Nutrition, Faculty of Agriculture, Kochi University, Monobe, Nankoku, Kochi 783-8502,

Japan).

3 AT EIRHEE R 23/ NEBEZEAT (Ono Research and Laboratory, Technical Service Department, Marubeni Feed Co., Ltd., Ono,

Hyogo 675-1355, Japan).



< H 4 AR~ OFF /I - VO A 429

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 %)

_ Brown Poultry il : Brown Poultry Krill
Protein source: fish  by-product meal*? Protein source: fish by-product gl
meal*! meal*? meal meal
Proximate composition (% on dry matter basis) Cl4: 0 7.0 1.4 18.9
Crude protein 75.0 57.1 64.4 Cl4: 1 04 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% C16: 0 18.5 27.7 19.9
Crude ash 154 29.7 10.4 Cl6: 1 77 6.0 9.3
Amino acid/essential amino acids (mg/g) C16: 2 1.8 ND 0.7
Lysine 163 140 145 C17: 0 1.3 0.2 0.4
Tryptophan 20 16 20 Clésl ND 0.3 ND
Isoleucine 83 77 92 C18: 0 8.7 8.0 2.9
Leucine 148 . 149 148 Ci8: 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
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 90 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** 100 72.4 95.1 Saturated 33.0 7.3 37.6
*1 Brown fish meal was made from horse mackerel as the Unsaturated 63.4 9.9 58.5
n3HUFA 34.7 ND 17.4

main raw material, imported from Chile.

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

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

*i Essential amino acid index as 100 for that of a brown fish

meal.
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Table 3. Composition (%) of test diets used for rearing expeﬁr}lent of yearling red sea bream (Expt. I)

Diet no.: 1 2 3 4 g 6
Brown fish meal 50 35 25 15 D 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 124 13.8 15.2 19 18.2 18.4
Energy (kcal/kg)*? 4257 4067 4170 4355 4144 4121
C/P ratio®® 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 IS 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 .. 887
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 23.3 229 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 keal/g.1

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

#- (Table 3), %&f%to n3HUFA &% 21.6~23.3%
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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 5
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
18.0 = x 5
i o 8.07 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 12.7 115 11.8 12.6
Crude sugar 21.1 17.8 17.2 15.9 14.7 139
Crude ash 13.1 14.7 16.0 17.8 18.7 19.7
Energy (kcal/kg)*? 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.
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Fig. 1. Changes in average body weight of
vearling red sea bream fed test diets for 232
days.

Diet contained 0% (@), 18% (a), 30% (&),
41% (m),53% (o),and 59% (&) poultry by-
product meal (Expt. I).
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Table 5. Growth performance and feed utilization of yearling red sea bream (Expt.I)*!

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

Initial 280-+212*2 2814212 284207 277+192 279+212 2771202

Final 751 +96%° 781+103% 7791+94> 832+74¢ 785183 720+100%
Average weight gain (g) 471 500 495 555 506 443
Daily growth rate (%) 0.39 0.41 0.40 0.43 0.41 0.38
Feed efficiency (%)* 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 (%)*® 8.79 776 8.30 755 7.91 8.80
Daily feed intake (%) 0.81 0.79 0.80 0.75 0.79 0.82
Dy e Jasy) 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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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).
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Table 6. Proximate composition of whole body and hepatopancreas, and apparent nutrient retention of yearling

red sea bream at the end of the experiment I

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 175 17.6 & | 18.2 17.4 16.9
Crude fat 11.3 12,5 125 11.7 11:3 14.2
Crude ash 3.7 3.9 3.6 4.1 3.9 35
Proximate composition of hepatopancreas (% on wet matter basis) *!
Moisture 69.6 67.1 67.9 69.8 69.6 68.6
Crude protein 2.0 11.9 122 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 49 0.8 0.8 17
Crude ash 1.3 L5 14 i 157 17 14
Apparent nutrient retention (%) *2
Protein 17.6 20.0 175 20.1 18.9 16.6
Fat 46.6 57.0 527 46.0 43.1 47.9
Energy 21.3 25.6 235 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 |

Diet no.: 1 2 3 4 5 6
Green liver (%) 0 60 20 40 60 20
HSI (%) 1.540.3%* 1.7+0.2¢ 1.540.0  1.2+40.22 1.3+02%  1.3+0.2%
Hematological characteristics
Hematocrit (%) 304+2.6 34.4+29% 361+21c 345+2.5% 349+19% 33.6+2.0%
Hemoglobin (g/100 m/) 10.040.7¢ 10.0+09°  10.4+05  10.3+0.9* 102072 10.0+0.7%
i s by 309424t 312433 322417 319%29+ 314425+ 30925
MCH (pg)*? 326+0.8 322+1.1° 324409 322409  325+09 32.2+1.0°
MCHC (%) * 31.040.6® 29.1+13 289+0.6* 29.7+0.8* 29.1+0.9* 29.6%0.6°
MCV (um?)* 105432 111480 112450 109 +43 112+45b 109 +43
Hemochemical characteristics
Protein (g/100 ml) 36402 36+03% 37+03> 36+02®  35+02*® 34103
Albumin (g/100 m/) 2.2+40.1®  2.3+0.1° 22+01®  2.2+0.1° 2.2+0.1° 2.140.12
A/G ratio*? 1.740.3*  1.6+0.2° 1.4+0.12 1.6+0.2b 1.7+0.2b 1.740.20
Cholesterol (mg/100 m!) 213+22> 208425 212+28b 199+46° 190+21®  166+16*
Triglyceride (mg/100 m!)  106+42¢ 115+33¢ 103418 934283 76+ 142 704182
Glucose (mg/100 ml) 4045 4347 48+5b 42432 4243 44 6
BUN (mg/100 m!)*? 3.8+0.9* 4.1+0.5° 4.2+042 3.940.7¢ 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 hemachemical characteristics) . Figures in
the same line with different superscripts are significantly different ( $<0.05).

*2 Same as that described in the previous paper.?
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Table 8. Growth performance and feed utilization of juvenile red sea bream (Expt. II)*!
Diet no.: 2 3 4 O 6
Average body weight (g)
Initial 53.440.1  53.5+0.1 53.8+0.1  53.1+0.3 53.3+08 554402
Final 112.2+1.85* 106.5+0.7% 103.9+5.1®> 104.4+2.0% 955+19:  98.1+4.9:
Average weight gain (g)  58.8+1.7% 53.0+0.6® 50.2+5.1% 512+1.7% 422+11% 42.7+4.7
Daily growth rate (%) 1.1840.02c 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¢ 71.0+0.1c 69.0+0.7% 64.0+1.2% 61.3+3.12
Protein efficiency ratio 1.61+0.00c 1.58+0.03c 151+0.00% 1.46+0.02> 1.35+0.03* 1.31+0.07
Energy efficiency (%) 18.9+0.08  18.3+0.4% 17.3+0.0% 17.4+0.2% 16.2+03% 155+0.8
Daily feed intake (%) 1.52+0.04* 1.46+0.01* 1.49+0.100 1.57+0.02* 1.44+0.05 1.470.03
— f%%‘gyg%tﬁﬁgy) 62940158 6.07+0.05* 6.12+0.41* 6.22+0.06¢ 57140200 5.82+0.13:
Mortality (%) 25325+ 25425~ * 0.0100c 003000 "I25475  150%10

*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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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).
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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 67.540.2® 67.1+09% 68.0+£0.0° 68.3+0.8® 69.2x0.6® 69.7+0.8°

Crude protein 17.740.1% 1754022 18.4+0.1° 181404 18.1+0.2* 18.0£0.2®

Crude fat 11.0+0.7° 10.3+1.3% 9.940.1% 9.6+0.2%® 8.1+0.42 8.5+0.3*

Crude ash 3.7+0.00 3.9+0.0 4,1+0.22 4.0+0.1% 4.4+0.2b 4.3:+0.3®
Apparent nutrient retention (%)

Protein 28.5+0.2¢ 27.6+02b 27.8+0.1% 26.4+0.4° 245+0.82 23.6+1.0¢

Fat 81.2+5.4¢ 63.3+7.0c 551+04% 57.5%1.5% 43.7+1.1% 41.5+3.82

Energy 35.1t1.1° 32.6+1.7¢ 31.1+0.2° 30.6+0.2% 26.3+£0.22 25.7+1.62

#1 A1l values are means of duplicate pooled samples containing 5 fish per each dietary group. Figures in the same lin

superscripts are significantly different {p<0.05).

e with different

“ e R BENYA U VRERRAE—RABRUERBENOMRE— P 5 FERERMAANRREE, KET,

1994, pp. 135-163.

s EB B AENVATYRERRAE - EAHRUERBAROME— T 6 FERERNARERAEE, 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 (%) 0+0a% 002 10407 040 0402 2000
HSI(%) 1.6+0.1° 1.6+£0.1>  1.4+0.1® 1.3+0.1% 12+0.12 1.1+0.12
Hematological characteristics
Hematocrit (%) 44.94+0.3* 42.0+1.6° 43.1+22* 440+26*° 415+36* 426+7.1°
Hemoglobin (g/100 mi) 10.9+0.1* 10.6+0.6* 10.4+0.1* 10.3+0.1* 10.2+0.1* 10.1+0.1*
£ by 364+1r 3564122 353462 347440 348+8  345+1s
MCH (pg)* 30.0+0.1* 29.8+0.8* 29.4+0.2* 29.8+0.5* 295+09* 29.1+0.3
MCHC (%)* 245+0.00 255+0.64 24.4+1.0+ 24.0+1.2* 250+24: 244+3.8
MCV (um?)* 124+12 118+12 12345 128+ 9 120+9s 1234212
Hemochemical characteristics
Protein (g/100 m/) 4.2+0.00 40+£0.3*  41+04*  4.2+0.1 4.0+£04  43+0.7:
Albumin (g/100 m/) 2.4+0.1*  23+0.00 25+0.1 2.5+0.12 24+0.1*  25+0.3:
A/G ratio® 1.4+0.0¢ 1.4+0.2*2  1.6+0.2: 1.5+0.12 1.5+0.22 1.54+0.22
Cholesterol (mg/100 m/) 241415 217+12 238+222 230+ 52 198+1720  216+642
Triglyceride (mg/100 m/)  110+10s 112432 1184132 105410 118+18* 116+12
Glucose (mg/100 m/) 57+2 55402 644122 65+9 66+ 10 64+31
BUN (mg/100 m?)*2 6.240.0¢ 6.9+0.72  7.3+0.9 7.0+0.0¢ 7.2+0.8 7.5+0.5%

*1 All 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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