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INTRODUCTION

Managing phosphorus (P) waste outputs is a key factor for

covironmental sustsinability of animal production operations.
The development of effective. nutritional strategies to manage
P waste outputs requires a detailed understanding of P nutrition
(supply, digestion, accretion, excretion) of animals.

Phosphorus is a component of several different types of
chemical compounds found in ingredients and feeds. These
compounds include hydroxyapatite (bone P), myo-inositol
hexaphesphate (phytate F), P compounds covalently linked to
protein, lipid, and sugar (organic P), and various inorganic
phosphate, supplements, These compounds are present in various
amounts in animal feeds depending on feed formulation and
the compositional variability of the ingredients used. Differcnces
in the chemical charactetistics and solubility of these compounds
are likely to result in different digestion dynamics of P within
the animal gastrointestinal tract, and this, in tum, can signifi-
cantly affect P digestibility. It is consequently necessary to
quantify the different P forms in ingredients to better understand
and/or predict the digestibility of P in feeds.

Animal protein ingredients (fish meal, pouliry byproducts
meal, and meat and bone meal) generally have high P contents
and often contribute a significant proportion of the total P of
feeds for fish and, occasionally, other domestic animals. Animal
protein ingredients are produced fiom a wide varicty of raw
materinls and manufacturing techniques and equipment (7, 2).
Coosequently, P content and the proportion of chemical
compounds in these ingredients may be highly vanable, even
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for a given type ol ingredient. A survey of the literature indicates
that there are between 16 and 42 g kg~! of P in fish meal, from
25 to 56 g kg™! of P in meat and bone meal, and from 17 to 35
g kg~! of P in poultry byproducts meal (3—8). Very little
information on the proportion of P chemical compounds in these
ingredients is available in the literature, although it is well-
known that in the body of vericbrates, the majoerity of P (B5—
88%) cxists as bone P, ~10—15% is organic P, and only a small
amount is present as free jons or soluble inorganic P phosphates
() (9, 10). .

BEstimates of the digestibility of P for animal protein
ingredients are highly variable even for similar ingredients. For
example, estimates of apparent digestibility of P in fish meai
vary between 17 and 81% for minbow trout (6—8, 11, 12).
Differences in the levels of different P chemical forms could
explain part of the variability in the estimates of apparent
digestibility of P. Information on the contents of various
chemical forms of P in animal protein ingredients would enable
better prediction of digestibility of P in feed and/or P waste
output by animal production operations (13). There have been
attempts to estimate bioavailability of P in ingredicnts and feeds
based on chernicat extractions (/4—17). A fractionation method
was also used for éstimates of composition of animal manures
(14, 18—20). However, limited work has been carried oul o
quantify specific chemical compounds in animal protein ingre-
dients. There is also a need for simple methods of estimating
totel P and bone P contents of feed ingredients based on routine
chemical analyses (e.g., proximate analysis).

The objectives of the study were to (1) quantify bone P and
nenbone P in animal ingredients and (2) determine the relation-
ship among bone P, total P, and proximate analysis parameters.
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MATERIALS AND METHOD

Sourees of Samples. Thirty-two animal ingredients, including 10
fish meais, 8 poultry byproducts meals, and 14 meat and bone meals,
were obtained from varous suppliers in North Americs, These
ingredients were selected to cover a wide munge of raw materials und
finished products for each ingredicnt type.

Chemical Analyses. Duplicale samples of ingredienls were unalyzed
for proximale composition. Dry matter {(DM) was unalyzed by heating
samples at 105 °C for 24 h. Ash was analyzed according to AOAC
grvimetric method 942,05 (27). Crude protein (%N x 6.23) was
analyzed uccording to the Kjeldahl method using a Kjeltech 1030
autounalyzer (Tecator, Hagandis, Sweden). Lipid was analyzed necording
o AOAC acid hydrolysis methed 954.02 (2/) by o commercinl
lnborutory (ApriFoad, Guelph, ON, Cunadu). A coefficient of variation
{CV) of replicates below 5% was considered to be acceplable,

The P fractionation protocol was carried out as detailed in Ruban et
al. (22, 23) but wilh slight modifications (Fipure I). Triplicate
ingredient samples (0.4 g) were incubated in T N NaOH overnipht with
shaking and then centrifuged. An aliquot of supernatant was incubuled
in 3.5 N HCI overnight, whereas pellets were incubuled in | N HCI
overnipht with shaking, and then centrifuped. The supematants and
pellets were evapornled to dryness on a hot plate. The resulting P
fractions included bene P, organic P, gnd residunl P (P resistanl lo
acid and alkeline extruction, and thus unaccounted for in analysis), P
coitents in animal protein ingredients and fractioned sumples were
ungiyzed according {o the colorimetric method of Heinonen and Luhti
(2d).

Calculations and Statistical Analyses. The total P conlent of each
ingredient anafyzed was compared to the sum of bone P, organic P,
and residual P by ¢ test. Relationships between ull analyzed varisbles
were subjected to linear regression using SAS software (25). Probability
() of <0.05 was cansidered to be significant.

RESULTS

Table T summarizes the results of crude protein, lipid, ash,
total P, bone P, organic P, and residual P on a DM basis in fish
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Table 1. Confents of Dry Matier {DM), Crude Protein (CP), Lipid, Ash,
Total P, and Bone P In Fish Meals {FM}, Poultry Byproducts Meals
{PBM}, and Meat and Bone Meals {(MBM)

% DM
DM% CP lipid ash totalP boneP omgP residP

Fish Meals
FM-1 901 733 124 107 26 14 1.0 0.0
FM-2 B54 740 111 120 25 15 10 0.0
FM-3 756 719 102 145 26 1.7 0.8 0.0
FM4 834 667 136 176 37 ar 08 0.0
FM-5 925 683 105 198 47 35 1.3 0.1
FM-6 511 680 982 208 38 28 08 0.1
FM-7 506 686 61 206 38 30 o7 0.1
Fil8 920 681 140 178 34 25 09 0.0
FM-9 942 736 100 162 25 17 07 0.0
FM-10 920 731 88 158 27 1.8 1.0 0.0

Poultry Byproducts Meals
134 144

PBM-1 962 G676 2.7 1.8 07 0.0
PBEM-2 937 682 147 127 25 1.8 0.7 0.0
PBM-3 %41 701 168 98 241 1.2 0.8 0,0
PBM4 9.5 614 150 189 34 3.1 0.6 0.1
PBM-5 942 683 148 138 26 20 07 0.0
PBM-6 936 646 109 197 36 31 0.5 0.1
PBM-7 963 720 143 131 28 1.7 0.8 0.0
PBM-8 939 698 84 144 27 19 0.7 0.0
Meat and Bone Meals
MBMH 950 548 136 223 42 35 0.6 0.1

MBM2 963 618 100 225 35 30 05 0.1

MB#-3 961 540 128 ZIT A7 39 04 0.1
MBM-4 851 480 118 355 63 59 03 0.9
MBM-5 9656 570 127 235 35 3.2 05 01
MBM-6 805 50 143 231 40 33 5 0.1
MBM-7 845 508 128 278 50 43 0.5 0.1
MBM-8 852 552 125 248 40 3.2 048 0.1
MBM-3 980 457 121 373 B3 70 08 02
MBM-10 856 496 118 289 55 43 1.1 0.1
MBM-11 850 5§98 187 132 22 1.6 06 0.0
MBM-12 943 505 120 308 54 50 04 0.1
MBM-13 922 556 107 238 38 32 0.5 0.
MBM-14 852 637 123 214 40 3 04 04

menls, poultry byproducts meals, and meat and bone meals.
Overall, the total P contents of all ingredients samples varied
from 2.1 to 8.3%, and ash contents varied from 10 to 37% on
4 DM basis. The total P contents of fish meals ranged from 2.5
to 4.7% on a DM basis, whereas bone P contents were between
1.4 and 3.5%. Bone P accounted for 53~79% of total P in fish
meal. In poultry byproducts meals, total P contents and bonc P
contents ranged from 2.1 to 3.6% and from 1.2 to 3.1% on a
DM basis, respectively. This translated into 60—%1% of the total
P being present as bone P in poultry byproducts meals, In meat
and bone meals, total P content varies from 2.2 to 8.3% of DM,
of which between 71 and 93% was bone P. On a DM basis,
bane P contents of the 14 meat and bone meals varied between
1.6 and 7.0%. Organic P varied between 0.3 and 1.3% in all
ingredients. Residual P represented <2.5% of total P in all
ingredients. The difference between total P and the sum of bone
P, organic P, and residusl P did not excead 109 in all
ingredients and was not significantly different {(p > 0.05).

Figure 2 illustrates the relationship between the analyzed
variables. HMighly linear relationships (p < 0.0001) were
observed among bone P (%), total P (%), ash (%), and protein
(%0) as follows:

bone P = 0.980 x total P — 0.711 (R* = 0.97, p < 0.0001)
total P = 0.185 x ash (R* = 0.88, p < 0.0001)
bone P =0.188 x ash — 0.852 (R>= 0.94, p < 0.0001)
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Figure 2. Relalionship among bone P, tolal P, ash, and bone Pltotal P in meat and bone meal (MBM), poultry byproduct meal (PBM), and fish meal

(FM).

Bone P

Figure 3. Relationship among bone P (%), protein (%), and lipid {%) in
meat and bong meal (M), poullry byproduet meal {P), and fish meal (F).
The linear relationship was described as hone P = 13.520 — 0.139 x
prolein ~ 0.150 x lipid (R2 = 0.82).

The relationship between proportion of bone P in total P (%)
and ash (%) appeared to be asymptotic and could be in practice
described by the following quadratic equation:

bone P/total P = —0.057 x ash? + 3.749 x ash +
26.839 (R? = 0.76, p < 0.0001)
A significant linear cquation was obtained to describe the

relationship between bone P (%), protein (%), and lipid (%)
content as illustrated by Figure 3 and the following equation:

bone P = 13.520 — 0.139 x protein — 0.150 x
lipid (R* = 0.82, p < 0.0001)
DISCUSSION

In the present study, bone P accounted for 33—93% of total
P in the animal protein ingredients analyzed, reflecting the

variability of the types and proportion of raw materials used in
the manufacturing of these ingredients. Bone is o prominent
raw material component in high-ash animal protein ingredients,
Bone P content was negatively correlated with protein and lipid
contents {Figure 3) and positively correlated with ash content
(Figure 2). The bone P/total P rotio approached an usympiote
at high ash levels (Figure 2). Organic P conient represented a
minor proportion of total P content, especially at high ash levels.
Residunl P represented <2.5% of total P in all ingredients.

The wide variation of hone P content appears to explain the
variation of P digestibility of animal byproducts reported in the
literature. For salmonid fish, P digestibility ranges from 17 to
81% for fish meal, from 22 to 45% for meat and bone meal,
and from 15 to 64% for poultry byproducts menl (6—8, /1, 12,
26), For swine, P digestibility was in the range of 66~-85% for
meat and bone meal and 85—90% for fish meal (27, 28). In
pouliry, P digestibility was reporied to be 74% for fish meal
and 66% for meat and bone meal for 3-weck-old broilers (29),
Because bone P is pencrally believed to be less digestible than
organic P to fish (9) and its digestibility is not additive (7), the
content of bone P in ingredients and the inclusion level of
ingredients in experiment diets will greatly affect P digestibility
of an ingredient. The depressing cifect of dietary P level on P
apparent digestibility in fish (7, 30, 37) may be primarily due
to the limited capacity of the fish gastrointestinal tract to
solubilize hydroxyapatite, when diets were formulated with high
levels of animal ingredients, rather than through down-regulation
of intestinal active transport by high P; concentration (32).
Therefore, quantification of different dictary P forms in feeds
is needed to better understand and predict apparent digestibility
of P.

Analysis of bone P and total P contents of difforent batches
of animal proiein ingredicnts is an expensive and tedious
process. The heterogeneous nature of animal protein ingredients,
in particular, high-nsh meat and bone meal, further complicates
analysis. Given the very good relationships between contents
of bone P, total P, and ash, our study suggests that bone P
content in animal protein ingredients can be easily and reliably



D PAGE EST: 4

estimated on the basis of total P content or ash content of the
ingredients. Our study also suggests that there is no advantage
in measuring organic P directly instead of estimating it as the
difference between total P and bone P.
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