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PROTEIN EVALUATION OF PORCINE MEAT AND BONE MEAL PRODUCTS
Tony Scott, Ryan Mass, Casey Wilson, Terry Klopfenstein & Austin Lewis®

Introduction

The recent government ban on feeding rendering products of ruminant origin back to ruminants has
led to the development of porcine only meat and bone meal (MBM) products to be fed to ruminants.
- Meat and bone meal is high in undegradable intake protein relative to soybean meal and improves
performance in growing steers fed forage-based diets sufficient in degradable intake protein. The
performance response is influenced by the amino acid content of the undegradable intake protein.
However, byproduct feedstuffs are variable due to source differences in processing conditions and
raw materials. Variable quantities of raw materials (bone, hair, viscera, and meat trimmings) influence
both quantity and quality of protein. Processing conditions and production situations vary
considerably within the rendering industry and influence the consistency of commercial MBM.
Renderers apply heat to drive off moisture, extract fat, and eliminate bacterial contamination from
animal tissues. Ultimately, this cooking process enhances the resistance to microbial degradation in
the rumen. The objective of this experiment was to determine the variability that exists among
commercially available porcine MBM products in crude (CP), metabolizable (MP), and undegradable
intake protein (UIP), apparent (AND) and true nitrogen digestibility (TND), and individual amino
acid digestibilities (AAD)

Procedure

Twenty-nine crossbred wether lambs (84 Ib) were used in a digestion study consisting of three
periods. Lambs were fed a common basal diet (Table 1) at an equal percentage (2.3%) of body
weight on a DM basis. The basal diet was formulated to contain a minimum of 10% CP, 42% Ca
and .18% P. Urea was included to ensure rumen ammonia did not limit digestion. Thirteen,
commercially available, porcine MBM products were obtained for protein evaluation. The MBM
products represented various rendering sources, including both independent renderers and commercial
packing plants. Either three or four lambs in each period were fed only the basal diet and served as
the urea control. The remaining lambs consumed the basal diet at the same percentage of body
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weight as control lambs and were supplemented with an additional 3.75 percent of the basal diet DM
as units of CP from one of the MBM products. Treatment diets were isonitrogenous and each
treatment contributed 25% of the total N intake for treatment lambs.

The trial consisted of three, 14-day periods. Each period included 7 days of dietary adaptation and
seven days of total fecal collection. Lambs were housed in individual pens during dietary adaptation
and individual metabolism crates during fecal collection. Lambs were randomly reassigned to another
treatment at the end of each period. The amount of basal diet offered to each lamb was adjusted
based on the average of weights taken on two consecutive days at the beginning of each period.

Feed, feces, and orts were dried for 48 hours in a forced air oven at 140" F and analyzed for DM and
N. Apparent nitrogen digestibility was calculated as (N consumed - N excreted)/ N consumed. The
following formula was used to calculate TND and the individual AAD values of each MBM product:
(A - B)/ A ¥100; where: A = supplemental intake of protein or amino acid (g/d); B = feces attributed
to supplemental protein or amino acid (g/d).

The UTIP concentration of the treatment sources was estimated by the in vifro ammonia release
procedure. Rumen fluid was coliected from a ruminally fistulated steer and strained through four
layers of cheesecloth. A bicarbonate buffer solution was added to the rumen fluid and 30 ml of the
fluid mixture were added to test tubes containing enough sample to provide 20 mg of N. Six tubes
were incubated for each sample. Tubes were stoppered and incubated for two time periods (three
for 18 hours and three for 24 hours) at 102" F. The ammonia concentration in the fluid of each tube

was used to calculate UIP relative to standards whose ir vivo UIP concentrations have been
measured,

The MP (% of CP) for each MBM product was calculated from the UIP concentration and TND
measurements where: MP = UIP - (100-TND). This value equals the percentage of N that escapes
ruminal degradation and is digested in the small intestine.

With the exception of sulfur amino acids, amino acid determination was made by hydrolyzing samples
in 6 N HCI for 20 h at 105° C. Amino acids were separated using ion-exchange chromatography.
The amino acid analyzer contained a cation exchange column and amino acids were eluted by a
gradient of Li buffers. After elution from the column, the amino acids were quantified
fluorometrically using o-phthalahyde as the derivation reagent. Methionine and cystine were
determined by ion-exchange chromatography of acid hydrolyzate samples that had been preoxidized
with performic acid.

Results

Estimates of CP, UIP, MP, ASH, AND, and TND are shown in Table 2. Concentrations of CP
ranged from 53.5 to 65.5%. Undegradable intake protein concentrations ranged from 41.5 to 63.0%
of CP. The UIP content of product 4 was higher (P < .10) than all of the other products.
Metabolizable protein estimates ranged form 19.3 to 40.0%. Ash values ranged from 21.3 to 29.3%
of DM. Apparent nitrogen digestibility values ranged from 61.5 to 64.8%. Products 7 and 13 were
similar in AND (64.8 and 64.1%, respectively) and were significantly higher (P <.10) in AND than
products 1, 4, 5, 6, and 12. True nitrogen digestibility values ranged from 75.5 to 87.8%. Products
7 and 13 had the highest TND (87.8 and 86.3%, respectively) and were significantly higher (P <.10)
in TND than products 1, 4, 5, 6, and 12.



Estimates of AAD for individual amino acids are shown in Table 3. The digestibility of individual
amino acids varied considerably among the products tested with ranges of: 42.2 to 75.6% for
threonine; 42.8 to 80.9% for valine: -6.6 to 77.8% for cystine; 49.0 to 91.2% for methionine; 38.0
to 82.4% for isoleucine; 44.0 to 79.7% for leucine:; 45.8 to 77.9% for phenylalanine; 45.9 to 86.3%
for lysine; 40.2 to 83.1% for histidine; 493 to 79.3% for arginine. Cystine digestibility varied over
the widest range (84.4 percentage units) indicating that factors influencing cystine digestibility should
be given special consideration in producing commercially available meat and bone meal products.
Low cystine digestibility likely indicates inadequate hydrolysis of hair.

The 13 MBM products used in this trial are representative of both independent renderers and
commercial packing plants. As such, inputs (deadstock, tankage, meat trimmings and bones, amount
of hair) are variable and contribute to the variability observed in the feeding value of the products.
Likewise, processing systems and conditions differ among processors. The exact processing
conditions of each product are not known. These results demonstrate the variability that exists
among commercially available porcine meat and bone meal products. The porcine MBM products
tested have relatively similar CP contents and adequate protein digestibilities; however, the range in
MP and AAD values indicates the products may have large differences in feeding value for ruminants.

'Tony Scott, Ryan Mass, Casey Wilson, research technicians, Animal Science, Lincoln; Terry
Klopfenstein, Austin Lewis, Professors, Animal Science, Lincoln.

Table 1. Composition of basal diet.

Ingredient % of diet DM
Cottonseed hulls 72.3
Dehydrated alfalfa pellets 15.0
Molasses 5.0
Dry-rolled comn 2.7
Supplement 5.0
Finely ground com 2.325
Urea 1.204
Ammonium chloride .500
Salt .400
Dicalcium phosphate 316
Ammonium sulfate 170
Trace mineral premix .040
Vitamin premix 030

Selenium premix 015



Table 2. Concentrations of crude (CP), undegradable intake (UTP), and metabolizable (MP)

protein and percentage apparent (AND) and true (TND) nitrogen digestibility of thirteen

porcine meat and bone meal products.

Product Number cp* utp® MP* ASH® AND* TND®
1 54.6 41.5% 19.3 2972 62.1% 77.8%
2 56.0 46.4° 27.1 26.6 63.0%¢ 80, 7%
3 63.0 53.38 33.3 26.7 62.5% 80.0%
4 54.8 63.0° 38.5 29.1 61.5" 75.5¢
5 59.7 53.8% 31.1 21.4 62.0% 77.3%
6 60.9 50.7% 27.5 21.3 61.9° 76.8"
7 65.5 5728 40.0 25.5 64.8" 87.8%
8 64.7 52.58 36.1 24.8 63.7°% 83.6%¢
9 62.9 49.7% 30.5 29.3 63.0% 80.8%f
10 53.5 48.6% 30.0 27.8 63.0%F 81 4%
11 54.9 39.7¢ 21.3 24.8 63248 R1.6%®
12 61.9 49 3% 28.0 28.3 62.2% 78.7%
13 60.5 456 31.9 25.9 64.1% 86.3%

3CP and ASH as percentage of DM; UIP and MP as percentage of CP; AND and TND as

percentages.

"Measured by the ammonia release procedure.

“MP = UIP - (100-TND).
defehysalnes within a column with unlike superscripts differ (P < .10).
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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,*2
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 0-592§ 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
589 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 417 PBM was similar to that of the control
fish, but that in fish fed diets containing more than 535§ 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 589§ PBM in yearling fish, and could be replaced up to 70% by the inclusion of 415 PBM in
juvenile fish, without supplementation of essential amino acids.
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1} Seriola guingueradiaia,*® V.5 A Paralichthys olive-
ceus s LUF b 57 Takifugu rubripes? IZ 61 2 Fh
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T, HE v HERB 1Y, HERBEES 6.75
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+1 grERiE ok Fe el (Ehime Prefecture Fisheries Experimental Station, Uwajima, Ehime 798-0104, Japan).
*2 ik pness (Labaratory of Fish Nutrition, Faculty of Agriculture, Kochi University, Monobe, Nankoku, Kochi 783-8502,

Japan}.

T EFHESCSH/VEFIFSERT (Ono Research and Laboratory, Technical Service Department, Marubeni Feed Co., Ltd., Ono,

Hyogo 675-1355, Japan).
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Table 1. Proximate and amino acid compositions
of brown fish meai and poultry by-product meal
as protein sources, and krill meal used as a feed-

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 %)

ing stimulant

Protein source: B}riosvgrn bi;?éﬁ!laét mKEglIl£3 Protein source: Bg;vﬁ'n b;;?éﬁirgct ﬁgéll

meal*!  meal* meal meal
Proximate composition (% on dry matter basis) Cl4: 0 7.0 14 13.7
Crude protein 75.0 57.1 64.4 Cie 1 0.4 0.3 0.3
Crude fat 9.3 6.7 21.8 Cl5: 0 0.6 ND* 0.6
Crude sugar 2.2 2.4 1.7 Cl6: 0 18.5 27.7 19.9
Crude ash 15.4 29.7 10.4 Ci6: 1 7.7 6.0 9.3
Armino acid/essential amino acids (mg/g) C16: 2 1.8 ND 0.7
Lysine 163 140 145 ci7: 0 1.3 0.2 0.4
Tryptophan 20 16 20 Ci7:1 ND 0.3 ND
Iscleucine 83 77 92 Cis: 0 5.7 8.0 2.9
Leucine 148 149 148 cla: 1 11.9 44.7 20.8
Valine 85 94 91 C18: 2 1.1 6.4 2.0
Arginine 114 173 114 C18: 3 0.8 0.3 1.2
Histidine : 63 48 40 C18: 4n3 2.0 ND 3.8
Threonine 84 85 a3 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 50 a0 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 18.8 ND 6.4
EAA index*! 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 58.9 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.
#1 ¥rill meal was produced by Maruha Ca., Ltd.
+4 Fesential amino acid index as 100 for that of a brown fish

meal.

ey, YUy, AFAZUEBLUT R ET 7 UBeR
P, TR VSV, BEM &#3E e L7/ PBM
OWET I/ EEIEH (EAAindex) (1724 Th-7,
KM it BFM i le~C, 7 kg g < AlE
BHEG, Eh, BAFYVELUY Ui odris
{, AFH VB EUTT 1o~ T 5= UBeeEh,
KM o0 EAA index i3 95.1 TdH -7 BFM L KM & D
eI ERSE R I3 AL LTV /oA (Table 2), BFM IZH~
T PBM T, /SIS FVEELS LUS VA VEESS S,
EESEMIEHE (3HUFA) BE&fh Tuhicd 7.
sEfEE 1 EAORETRE (FRBI) CRVWAHE
EROBSHEE L URSER#* Table 3 KA ¥
BFM % 50% St wxE QE) L, @7
JRERMAE LD LI PBM % 18~584 BE L
< BEM BE&%% 35~0% i LA 5 8 (2~6K)

* Nat detected.

DR E RV, BB T 0 — B A % 5~60
B4 L CIALE—SR#NEL, PBM OBRAICHE
SESHFHEOETF B ¢ 7o KM % 10%, fhadEor:
DEET AZLTF/DOHOT WYY (B 2k
A % 0.04% FhThis L, PERESRIC
£ efrh iR LA,

SR O—iE NS EEE, PBM OBCAAR & S
LT PBM E&HOfmic ey K S-a 800 L.
M VAT EHESE 4R (52%) 2HREEHEBE LI
48% diE T Y, 4~6 EOBEHERENL 145 BE >
1~3ED 1LY BEE LD CPER -, 4R EHRELH
LT P T 5k L —10E 4100~4200 keal/kg &
LTz, ZOSBET I/ BEREPBM O7 3/
He# F L T PBMESZOHMCE » T, L AFY
Y, AFF o ETY D VOESEMET LT LFS
VELF T 2T S vOERMENL, HEOD
1R &E#EY Lz EAA index (£ 95 2589~ LETL
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Table 3. Composition (%) of test diets used for rearing experil:nent of yearling red sea bream (Expt. I)
Diet no.: 1 2 3 4 5 6
Brown fish meal 50 35 25 15 5 o
Poultry by-prodoct meal 0 18 30 41 53 59
Wheat flour 27.93 24.93 2293 20.93 18.93 17.93
Feed oil 5 5 5 6 6
Krill mea} 10
Vitamin mixture*! 3
Mineral mixture*! 4 17.07 17.07 17.07 17.07 17.07
Ethoxyquin 0.03
Carophyll pinlc*? 0.04
Proximate composition (% on dry matter basis)
Crude protein 48.0 . 46.0 49.2 52.0 483 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 (lkcal/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 a6 a5 84 83 84 83
Leucine 155 162 157 156 157 158
Valine 100 g9 93 97 100 i00
Arginine 126 132 137 143 150 154
Histidine 66 56 57 54 48 46
Threonine a6 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 a3 89 a7 a8 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 01.0 . BB.7
Fatty acid composition (area 9%
Saturated 27.3 27.5 26.8 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

*! Same as that in the previous paper.”

*2 Caluculated digestible energy: protein, 5.1; fat, 8.7; sugar, 3.5 kcal/g.10

* Calorie (keal/kg) to protein {3} ratio.

7= (Table 3), # ¥l n3HUFA &8t 21.6~23.3%
ThHD, EERE LTS A OLARHRERE (0.5%
nIHUFA/diet) W &5 LTV,

0 HADHETRERS JUMESERE L v iRk
(REL) ORESHARKIE, Tabled &L EIK
EHEBICERLsrOL L —2 (1:1) B&thE1
HEELDERT 1Y WMo LML, RBIMAND

FheRALTHY, SREFO—EES WRE ] fAHO%
HEEP LT,

ABASIUATHE RRITH, 3mARO4LH
P EE 280 g RO 1 BB 1EHAN TO BT
s L, REGIEE 126, 1EEK6 ARMEEYS
ML TI96E6 8278 A L1997 28138 % T
232 ARFE L. RBRIIMEOKER 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 21.83 18.93 17.93 16.93
Feed oil 5 5 5 6 6 6
Krill meal 10

Vitamin mixture 3

Mineral mixture 4

18.07 18.07 18.07 18.

Ethoxyquin 0.03 8.07 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 21.1 178 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)*® 4147 4160 4104 3963 3954 . 4163
C/P ratio*? 85.0 86.1 87.2 84.1 83.6 89.2
*! Chromic axide : cellulose=1: 1.

*2 See the footmote of Table 3.

THEB L7,
o 2

HKEALCit, 1 fAkd/n 20500 18R Y 7—R
F— FRHNICPHEE S g Rtk 0 AT, 1B
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R I HIC3EEARMELTINTIE2A 1L AR
54 811 B T60 ARGEE LA, REMEFOKE
it 12.8~24.5°C THER Lz,

JEHEE HBITIREALE, HFE»6MEAK
30 BERD B, FELA-ObEEIICEHEELEL
7oo RERTRICIEEX 5 BOMmBtER, MR,
SITRERRES S CHFEREE (HSD) %5 & RE#O
HEATHANSL L b, FREL LULRBO—BRE
SEEEC X DT LA

AR T, 20 BEICHE: L CEGHICHFERNE
Lize fAE 37~39 H HIC 220 I BEEHEAIE 6 EIC £ XK
HIROREFThFHINEL T 24 HEEE LA
FE 2 KSR E TV LCHHARE L, B
FOF R EH{EE (APD) % #llRE L. REx
TRICIERER T LE UEE #FBROFETRE L.

WEEEOBRTE BB TPy kE, HSIL Mk
$15 EUMBRAICOWT, REBI TRATREK,
HSI, Mm#tEikds LU RS 2 24T Duncan D 4§
FEEEDIC L D ESEOEFEE Lis,

B 1 PBM E-AROHINCAE D EFEOE T IE A
bh?, 2ROBMIERCEBEKCER L, KR
{1%PEM SO 4R TR OERTWESE, TOMD
PEMEAE CHHBED 1 K &a LioEERERAS
h7- (Figil), 2~5K (18~53%PBM E&) O
BB R 495~555g L IEROFN (47lg) k0@l
ERMO6X (59¥PBMES) Th443g bt 1EDE
NEDBPEEETH -7 (Table5), HEBER
(Y) PBMESE (X) ok, Y=-3.1-10-F
X24+0.001925X--0.386985 (r=0.702) OEKKHE
b, HoREXOIFRERIERBEREOTh LD
Lo5E <, 2ERBEOTHIIERBEEDTh LiTiES
L& 7B I ERGhot (Fig.2), ARHEIC L HE
HEE L AR ERS 4 b7, % PBM HilaX Cik,
—HROAH ZBWTEENE LRISOZ A7 BIE S
IRUR—HERIRD bhic, &, FEO~NWIERR
TH LT EEL, EAEYAMERRES LUFSHHE
TR —ERE S SRR L Twis,

LR Er SR FRBO—8ES, 6 LUSSERLO
Bt OERES Table 6 KRT., £REO—BFST
i1, BREOEKOKSEXUCABHZHR &, 2K
Ok, BEwArHE, HEFS LCARGOSRIT
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Fig. 1. Changes in average body weight of

yearling red sea bream fed test diets for 232

days.

Diet contained 027 (@), 18% (&), 30% (A),
41% (m),53% (a), and 59% (&) poultry by-
product meal (Expt. I).

gk A, wE FI

EOBTRIC~NTE, £h4~6K (1% L I
PBMEE) O U a—&¥F /el 0.8~1.7% » 1~3
ED4 i< TH O Er o8, &5, H
AR ERIUHRGOERII T T4 68, 12~14
HBLULSY BELEMULTYA, PBMESD 2~6
ED N7 BB 16.6~20.1% & 1 KD 17.6%
LRSI LAE LS, BB LU RVE—BREIC
FROEB B LI,

BITRIER, HSI, MEHERE ITMERST SRS
Table 7 loiR ¥, &0 4 PBM B4 K C 20~60% 2 &
o, MR T, FEOFRMRKE ITNEFOY
VEIIEE LTz, PBMEED 2~6 KON |
Uy MEBLEDFhENEL T—HRMcEEL
($<0.05) HHZbhis, 2~6 KOPEHHFMBANE SO
v (MCHC) 1 EOFhICH~NTHREIMEL
(p<0.05), FHRMBART MCV) kK b—HOEMH
THEEZ A& OhA (p<0.05), AMFEFERTIE6
EDFNTIvEalbAFu— a4k 5 B5L06ED
FuZuty FERBIEDThGICE~NTEREICE
Pots (p<008), FVARTEHR AN I—ADERKE
h—HMOREICEEZE ($<0.05) HA4 i,
PBM &R DREERBH O o7,

RERI HAEOVHEREOHERS Fig. 3, AFEHT
Table 8 {2773, MERBHARFIZ L PBM B4 K O
RPOTIERE T - 7ohh, TOWHIITEE LEEDTHH
PR 1.55 stk S AL TH D, PBM EAICH
SEFEOETIHELbhith ol S5 HEITFEEDN
W ZAKEO IS LAY v U v IO #ic
LBHLDTH D, PBM REESOEETHAW,

WEfHE PBM BA4R & EAICET T aHAICSH -2

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+213% 2814213 2844202 2774191 27942127 27720

Final 751£06% 781103 77994k 832+£74c 78583  720::1007
Average weight gain (g) 471 500 495 555 506 443
Daily growth rate {J§ 0.39 0.41 0.40 0.43 0.41 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 0.52 1.02
Energy efficiency (%)*3 8.79 7.76 8.30 7.55 7.91 8.80
Daily feed intake (9%) 0.81 0.79 0.80 0.75 0.79 0.82
D e o) 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.?



< &4 AR~ DF £V T - VOFIR 433

5, I~4EDPHHERESI~0g L1ED h
(58.8g) LN ROREVBETH-RLOIKMLT, 55
FUEROENK42g & IEOTNEDHRICES
27 (p<0.05), BREBEEE (V) L PBM Ba%(X)
» OEIciE, PBMEA A% UTOI~4E T Y=
 0.00269X+1.166071 (r=0.691), PBM Bi& 412 K
kD 4~6 ETit Y=—0.00923X+1.452202 (r=0.843)
DERRAESN, TOESE43.8% Lo (Fig
1), 2 EOMEHRE 76.2% & 1 KO 78.4% LI

05 r
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B " {r=0.702)
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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).

BOHo7oH, 3BLULRDENRETOXN Gitke 15
JULEDEThEDHEEILES (p<0.05),5B LTU6
Eorhid 64.0 5 LUF61.3% k& B ofce 28
7 EHRE LT TR F—HRE DEEHDEEELALL
iz,

APD, 2fEO—BNS s L URERSOENEY
Table 9 =57 +. APD it PBM &R DM foffE- T
95.5% 7 b 88.3% ~ L@ 4 ILET Lz, 2AKBO—HE
WFERCCIE, HIBFA RS PBM RAEOMMICH -
T HHBYE ~NEETL, 1EESHLT6EDMH
oA (p<0.05) BB Hhi. L L, £RE DK
&, MR ERBITHRSDSRET TN S,
18 U4 EETH, —HEMICHEEEZ 6<
0.05) A:s bhi#, PBMEAR F OBIEEIL LS
Nt o foo BERES O R OEHEEIL PBMEA
moMmIctE- TETFL, i~6 EDF VI H, 2~6
EDlE 5 & UF 3~6 B TR F—0 Bt OFHE
i1 EOFND EDFRICES - (§<0.05),

BIFRESR, HSI, mgiikds LCLERS k%
Table 10 It 7 T. BFS 3 BLTFEETEhETN 101
FIF 209 Z &7, HSI i PBM BLE&SORIINC A
EFL, 58 XU6EQOHSIIZLI~L26 L1ED
L.6% ImHNRTHBIED -4 ($<0.05), MAERE
FUMER S-SRt PBM BEA I > X & KRR
LBl o .

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 (4 on wet matter basis) *! ‘
Moistare 66.7 66.3 655 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 (2§ 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 14.1 135 13.2
Crude fat 8.7 12.8 11.3 9.6 108 - 11.6
Glycogen 35 44 49 0.8 0.8 1.7
Crude ash 13 1.5 1.4 1.5 1.7 14
Apparent nutrient retention (%¢)**
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 25.6 235 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 I

Diet no.: 1 2 3 4 5 6
Green liver (%) 0 G0 20 40 60 20
HSI (%) 1540304 1.7:0.2c 1500  1.2:+0.28  13+02% 1302
Hematological characteristics
Hematocrit (%) 32.4+2.6 3442090  36.1+2.1° 34.5+25%0 349410 33.6:3.00
Hemoglobin (g/100 m/} 10.0+0.7* 10.04£0.9¢  104%05 10.3+09  102:40.7¢ 10.0+0.7
) 300424 312433 322417+ 319+20" 314425 309425
MCH (pg)** 32.6+0.80 3224115 324409 32.2+09  325+£0.9 32.2%1.0°
MCHC (%)*2 3L.0+060 201413+  28.9+0.6* 29.7+0.80  29.1+£0.9* 20.6:+0.6
MCV (um?)*2 10532 11180 112 +5b 109443t 112-5b 109 - 4ab
Hemeochemical characteristics
Protein (g/100 m/) 3.64:02% 3.62+03%  3.7+0.3"  3.6:+0.2%  35+02%  3.4:0.3°
Atbumin (g/100 m!) 22401 2.3+0.10 2.2+0.1%  2.2:40.10 2.2+0.1b 2.1+£0.1=
A/G ratio®2 1.7+0.3"  1.5+0.2b 1.4+0.1° 1.6+0.28 1.740.20 1.740.20
Cholesterol (mg/100 mf) 213422  208+25t 2124280 199+46b 1902130 166162
Triglyceride (mg/100 m#)  106+42° 115+33¢ 103+18bc 03 -+ 28gabe 76+ 1430 7018
Glucose (mg/100 mi) 4045 437 4850 4243 4243 44+6®
BUN (mg/100 mi)*2 3.8+0.9°  4.1+05° 4.2+0.42 3.9+0.75 4.3:+0.5° 4.340.6°

*1 All yalues are means of 5 fish (green liver and HSI) and 10 fish (hematological and hemeochemical 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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e AFIwerF4d o whidie{, EAAindex h 4

120 p
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110 } ® DR CRERMEMCIAT, LAFIVEAFA=
! VIR ERENT0 3 LU 84% L4 ¢, EAAindex %
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2 7 VHEREESHTWAEDOT, PBM D7 3/ B s
2 / RS K DIEREICMET 5 L% 16N 5,
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Fig. 3. Changes in average body weight of 5 APD 4 64 4~T7.7% & B ZE i & 4 5 . chinook
juvenile red sea bream fed test diets for 60 salmon i, BEORLEB2MEDPRM (k) 5
da%f;;t contained 05 (@), 18% (4). 30% (&), APD i1 849 5 LUF74.4% L AR (B, TOFA
418 (m),53% (o), and 5997 (&) poultry by- L LCEROBEL LU PBM 0K G EROERNE
product meal! (Expt. II). BEATHD,2 351, MM MBM @ APD ({$8IK
AROMRICHEVET T2 LHESHTVWEOT, B &
Table 8. Growth performance and feed utilization of juvenile red sea bream (Expt. my* -
Diet no.: 1 2 3 . 4 5 6
Average body weight (g)
Initial 53.4+01 535401 53.8+01 53103 53.3+0.8 55402
Final 112.2+1.8"* 106.5+0.7% 103.9+£5.1% 104.422.0% 055+1.9: 98.1%4.9
Average weight gain (g)  58.8+L7°  53.0£0.6® 50.2::51%h 512+£17% 422:+1.13  42.7%4T0
Daily growth rate (%) 1.18+0.02¢ 1.1040.01¢ 1.06:-0.07% 1.08+0.02% 0.95::0.01% (0.9240.07:
Feed efficiency (% 78.4+0.19  76.2+15! 7L0+0.1c  69.0+£0.7 64.0+1.2% 61.3+3.1:
Protein efficiency ratio 1.614-0.00° 1.580.03 1.51+0.00% 1.46:+0.02° 1.35+0.03° 1.31+0.07
Energy efficiency (%) 18.9+0.0¢  18.3+0.4« 17.3:40.0+ 174402 162+0.3%  15.5%0.8*
Daily feed intake (%) 1.52+0.04* 1.46+0.01* 1.494-0.100 1.57+0.022 1.4420.058 1.47:0.03
?&ﬁ‘é%%%%:ﬂ 6.29+0.15° 6.07+0.050 6.12+£041* 6.22%006* 5714020 5.82+0.13
Mortality (%) 25+25 25425  0.0:+0.0° 0.0+£0.0¢° 12575  15.0+10

*1 Tuvenile fish weighing 54 g on average were fed on test diet at satiation for 60 days in 500 ! aquaria.
*2 A1l values are means of duplicate tanks containing 20 fish each. Figures in the same line with different supersc:npts 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 89, Apparent protein digestibility (APD), proximate composition of whole body, and apparent nutrient
retention of juvenile red sea bream at the end of the experiment 1T

Diet no.: 1 2 3 4 5 6

APD (% 95.5 93.6 83.1 91.6 90.7 88.3
Proximate composition of whole body (3¢ on weat matter basis)*!

Moisture 67.5x02% §7.1£0.92 68.0+0.02* 68.3+0.8% 69.2:+0.6% 69.740.8°

Crude protein 17.7£0.1% 175+0.2"  18.4+0.1p 18.1+0.4* 18.1+0.22 18.0:£0.2:

Crude fat 11.0£0.7b 10.3£1.3 9.94+0.130 9.6+0.2 8.140.42 8.540.3

Crude ash 3.7+0.02 3.9:0.0® 4,140.2 4£.0£0.1 4.4+0.2b 4.3::0.3%
Apparent nutrient retention (%

Protein 28.540.2¢ 27.6£0.2 278401  26.4:40.4b 2451+0.8 23.641.0°

Fat 81.2+5.44 63.3£7.0  55.1:4%0.4% 575%15% 437x1.1% 41.543.8°

Energy 35.1£1.1¢ 32.6x1.7% 31.1%0.2v 30.6+£0.2  26.3%0.22 25.7+1.6°

*1 Al 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 (p<0.05).

U R EENY A U ASINEE-EARRUVEARRNOBRE—. TS FEAMMAN RFREEE, KEF.

1994, pp. 135-163.

SR R BESY A U AEMANT SR RUERS A OMS—. PR 6 FE AR e D, KEF,

1985, 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-£0s %1 002 1007 0+02 002 20:+0P
HSI{%) 1.6£0.10 16+0.1° 1401  1.3+0.1%  12x£0.1: 1.1+0.13
Hematological characteristics
Hematocrit (%) 449+03 42.0+1.6 43.1+2.2* 44.0+26° 41536 42.6x7.1°
Hemoglobin (g/100 m!) 10.9-++0.12 10.6£0.6* 10.4+0.1*  10.3::0.1* 10.2%0.1* 10.1:+0.12
R Bl ) 364+1s 35612 353G 3474 348x& 345kD
MCH (pg}*? 30.0+0.12 29.830.8 29.4-+02* 20.8+05  29.5+0.9°  29.1+0.3
MCHC (%)*2 24 5+0.00 255+0.60 244102 2404129 250x2.4 244438
MCV (um?)*2 12413 118+13 1235 128452 12002 1234213
Hemochemical characteristics .
Protein (g/100 ml) 4.2+40.0° 4.0+0.3 414042 42+0.1 40+04* 434072
Albumin (g/100 ml) 244017  23+0.0+ 25x0.12 2.5+0.12 2.4+0.1 2.5+0.3
A/G ratio®? : 1.4+0.04 144020 1.6+0.22 1.5+0.12 1.5+0.2% 1.5+0.2
Cholesterol {mg/100 mi) 2414152 217+12 238224 230454 198172 216+ 642
Triglyceride (mg/100 ml) 110107 11243 118137 105+10 118+182 11612
Glucose (mg/100 ml) 57+2 55+00 64+12¢ 650 66+102 64432
BUN (mg/100 mi)** 6.240.0° 69+0.72  7.3+0.9 7.0:£0.0° 7.2+0.8 7.5+0.50

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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