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Fig. 1. Estimated fish meal consumption by animal species for the year 2010
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Table 2. Amines and ammonia nitrogen levels in meal produced from batches of

herring at various stages of decomposition when processed”(Pike, 1991)

Fresh Moderately fresh Stale
Histamine (ug/g) <30 440 830
Cadaverine (ug/g) 330 1000 1600
Putrescine (ug/g) 30 230 630
Tyramine (ug/g) <30 400 800
NH;3-N (g/16gN) 0.12 0.16 0.18
TVN (mg/100g)? 22 26 143

Fresh = produced immediately at delivery, after 12 hours of holding on ice;
moderately fresh = produced 48 hours after delivery;
stale = produced after 7 days of holding at 70°C

2 TVN measurements made on raw material

60

0.25 04

TVN(%)

0 0.05 0.1 0.156 0.2 0.3 0.35 0.45 0.5

Fig. 3. ¥& 0{F2 L*_'/.‘JEW U o= E =af 80 DjXls 8

- 144 -



9l
o
a2

)
5

R

1=
L
[e;
3

A~
T

(

g A%
A
G|

)
o E4e A4

v

011:!

.

L

A 2 AN A

=

ATt ofF

e
T

=

3 ytell ofZEAZE AN TR F ®st QAL AFHA A
5}

{2 4 ol 2L

A

o4 T O T R %
Tr o P o
Ko Nd T - R -
L 5T BT 8 pl)
Nd W oF 5% N i
ool = = o 0
G T P SN B o
it
c R TR T E RS, S
§is! (- XA s A = W
Mo 4o 0 K ! = e
T o RN o= W WX = ©
Jﬂm ol M = N mﬂ_, = ol Q = .qwmo
R Mo B ORR g R T
B Nz - WL Ho o =
T W o m F o m B
L S X M - g I .
-+ B e ) g 3
o 5oH ~ Kiz ou DR =
Z..# &IL ™ ri o) Cl S M_ oY -
E O = RO R i ol MV
° W oo T oL X =
4 ,L.K "R frn I ™ w5 M 295 oF =
o W oo o X K T
& N N ol Nz ° No & od %O
™ Ho T o o5 X = o% - =
o X g 0 ° o
Al op o o M.I o I = oy :._U
e G o o
5 N = oF
~ ©° W o = 9 W M ol -
W.ﬂﬂ%%%%i % s
™ % 3 = R © . -
= .7 A oj o o] < d
nH ‘Du " o W ,M.MH_, ﬁ B\ % i
< B T Na & t. 1 i b
SRCENT TR & ST nwwl 3 s o o
= A N I U L
M o<W of ofF of & &

AZA B8 2 0Fe URE
- 145 -

& AxE A% dioxind o

1 dioxin Q.gojt}. o= 3§

o]

e}



BRAIRL| MZEIFEI 1 ALZH A

M| -

D $(@ee 54

$(Z)E(meat meal / meat and bone meal)o]H

bof A

[

=2HY €< 2%

5
A (rendering) & 3] AAtE A9 ok JFAIF o[tk

171 f1sted 47] 48

%

£ udde s 24

iy
file)

=
1

s

TEE AA

\_AO
B

—_—

K3

l?_
ol HZ g0} FEAA ARLEZRY FiH

o] 9= dioxin LYEA Eo07

2 499 B4HAE FAiFnE 39

BSEY 1 B #7309y d#

T
T

®r

=

ol

]

I A%

Z
B

B & o]
L= B B4

2747 olold oA del BEH gou A2 Az FaTo

FAZ} 58 get AiAog Az}

A

S

2) (3w Az 1 4

)

Holl A R7}A]

=
=

< o7 A%

FERE

I 3"l B

5]

D

AxE4E =4

il
Fn
ofr

W
5

!
&
(o8

12

o, ¢

e

A
2 5

- 146 -



OEFEREES

=35l
TR = ] - o =
=& g Cooking " & &
y
Ne 2eE o | "GN nEms
= O
\/
2 M
2B E
@ 954 qdA 4433
M2 > IO M > 2N > “res N,
g
Qg
4
- - - & 2
o= Screw g s
Al gt

- 147 -



EHl| - EZAIZL] MZEI 3 AR AL

© 954 A9 25343

Hner> ey — nyr— BEL» ==
85C Screw press
Y | E |« ESn =)
s
y
\d
A g e AT | CEDISY |« oAl

i

Fig. 5. Rendering?] 24¢H& 373

C(E 3) & A9Ed #8384 Jehd o&9 ofplxeit 2388 Yl sled d
g4 7lgo] HEHEA 1?4"53. gol @A gastEA §3E9 obreil 43480l
_'{

A48 AR 3

Table 3. Digestibility coefficients of selected amino acids in meat and bone meal
as reported in the literature since 1984.

Amino acid 1984° 1989° 1990° 1995°
Lysine (%) 65 70 78 92
Threonine (%) 62 64 72 89
Tryptophan (%) - 64 65 -
Methionine (%) 82 - 86 91
Cystine (%) - - - 71

* Jorgensen et al.(1984) - determined at the ileum of pigs.

® Knabe et al.(1989) - determined at the ileum of pigs.

¢ Batterham et al.(1990) - determined at the ileum of pigs.

¢ Parson(1995) - high quality meat and bone meal in poultry using the precision fed cockerel
balance assay.
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Table 6. Effects of temperature on lysine availability coefficients for meat and bone
meal processed at atmospheric pressure *

Heat treatment Indirect Direct Rats Chicks
Low ° 0.81 0.80 0.67 1.00
Medium ° 0.74 0.75 0.58 0.86
High ¢ 0.55 0.52 0.26 0.54

* Taken from Batterham et al.(1986)

® Fresh raw material heated to an end-point of 125°C and removed.

° Fresh raw material heated to an end-point of 125°C for 4 hours.

% Fresh raw material heated to an end-point of 125°C for 4 hours then heated to 150°C and held
for an additional 4 hours.
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Table 11. Lysine availability coefficients for various animal protein meals determined
by chemical and slope-ratio assays®

FNDB Assay Slope-Ratio Assay
Meal
Indirect Direct Pigs Rats Chicks

Meat meal

1 0.79 0.80 0.48 0.68 0.68

2 0.84 0.90 0.59 0.62 0.73

3 0.77 0.78 0.87 0.49 0.76

4 0.82 0.84 0.88 0.74 0.71
Meat and bone meal®

1 0.78 0.79 0.66 0.67 0.76

2 0.88 0.93 0.74 0.78 0.86

3 0.87 0.93 - 0.88 0.83

4 0.85 0.92 - 0.73 0.88
Blood meal

1 0.91 0.97 1.03 0.81 1.07

2 0.87 088 113 0.80 1.02

* Taken from Batterham et al. 1986.
* Batch or continuous dry rendered.  © Ring dried.
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Table 12. In vitro assays as predictors of meat and bone meal quality for chicks

Assay Correlation coefficient Comment

Pepsin digestibility Predicting lysine digestibility

0.2% pepsin 0.25 AOAC, procedure

0.02% pepsin 0.70

0.002% pepsin 0.60

K-KOH solubility 0.08 Good for oil seed meals
K-Multi-enzyme pH 0.10

Predicting protein efficiency ratio(PER)

Ash -0.80 Reflects amino acid balance

Crude protein 0.69

Parson, 1996.
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