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Abstract

To reduce the process of P-pollution, the excretion of P by animals should be reduced as
much as possible. Therefore the supply of P with the feed should be in accordance with the
animal’s requirement. Therefore knowledge is required on the digestibility of P in feedstuffs.
The apparent digestibility of P in 15 kinds of feedstuffs of plant origin was measured in about
75 trials with pigs. Besides that 8 batches of feedstuffs of animal origin were tested. In most
trials maize served as a basal feed. Apparent P digestibility was measured using the total
faeces collection technique. In each trial, four animals were used in the live weight range of
45 to 110 kg. The concentration of digestible P for the total faeces collection technique was
planned not to exceed 1.6 g kg'!. In addition for 2 batches of feedstuffs of animal origin the
slope ratio technique was used. The results indicate that the P digestibility in feedstuffs of
plant origin varies substantially. For maize, maize byproducts, rice bran and sunflower seed
meal the P digestibility was low, varying from 10 to 20 %. P digestibility of barley, beans
(Phaseolus spp.) and soya bean meal solvent extracted ranged from 37 to 39 % and dehulled
and non-dehulled soya bean meal gave similar results. The highest P digestibility was ob-
tained for wheat and peas, 47 and 45 %, respectively. Part of the differences in P digestibility
can be explained by the proportion of phytate P and the presence of phytase. The P digestibil-
ity in feedstuffs of animal origin is high, ranging from 68 to 91 %. Differences in P digestibil-
ity may be due to differences in technological treatment or physico-chemical structure of the
products.
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Introduction

Phosphorus (P) is an essential element in the animal’s body. In addition to its vital
participation in the development and maintenance of skeletal tissue, it plays an im-
portant role in many other metabolic functions (NRC, 1980). Usually, amounts of

567



A. W. JONGBLOED AND P. A. KEMME

P available for the animal from feeds of plant origin are not sufficient to obtain
good performance and may negatively affect the benefit in animal husbandry
(Jongbloed, 1987). Therefore, additional inorganic phosphorus is supplied to diets,
especially for pigs and poultry.

On the other hand, it has been recognized that excretion of P can lead to environ-
mental problems (Gerritse & Zugec, 1977). This is predominantly in areas with a
high number of pigs and poultry per hectare of land. Application of the manure in
large quantities in certain areas leads to accumulation of P in the soil, together with
leaching-out and run-off. The effect is eutrophication of the ground water and the
sweet water resources. To reduce this process of environmental pollution, the excre-
tion of P by animals should be reduced as much as possible.

As a first step the supply of P with the feed should be in accordance with the
animal’s requirement. Therefore adequate knowledge is required on the digestibility
of P in the feedstuffs used and on the requirement of P at any stage and type of
production.

Secondly, the P excretion can be reduced by enhancement of the digestibility of
P in feeds by means of plant or microbial phytase (Simons et al., 1990).

Another possibility to decrease excretion of P is a directed choice for those feed-
stuffs in the mixed feed which have a low total P concentration together with a high
P digestibility.

The term ‘digestible P’ will be used for apparently absorbable P. Only when liter-
ature is cited ‘available P’ is used.

In this study information is given on the P digestibility of various feedstuffs from
plant and animal origin. In practice up to now it is mostly assumed that P availabili-
ty of feedstuffs of plant origin is about 30 to 35 %, but it will be reported here that
there is a wide range in P digestibility between feedstuffs. The availability of P in
feedstuffs of animal origin is assumed to be 100 %% (NRC, 1988). Also these feed-
stuffs have a wider range in P digestibility as will be presented in this paper.

Literature review

Up to now knowledge of the digestibility (availability) of P from plant origin is
rather scarce. Most experiments have been focussed on maize, barley, wheat, wheat
bran and soya bean meal. Only one or two measurements have been reported on
about 10 other feedstuffs. Furthermore, 13 trials have been reported in which a
maize-soya bean meal diet without supplementary inorganic phosphate was tested
for P digestibility. The results of these experiments have been extensively discussed
by Jongbloed (1987).

Two main methods were used for assessing the availability of P in feedstuffs. The
first one was the slope ratio technique where animals were given graded amounts
of P from feeds of unknown availability. The slope of the relationship between P
intake and bone ash or bone breaking strength was compared with that of a stan-
dard form of P (mostly monosodium phosphate). The availability of monosodium
phosphate was assumed to be 100 % (Cromwell, 1983).

The second one was a balance technique where the apparent digestibility (absorb-
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ability) was measured by the difference between P intake and its faecal excretion.

The results obtained by the two techniques should be discussed in combination
because they can provide complementary information. It is suggested to multiply the
availability figures obtained by the slope ratio technique with monosodium phos-
phate as a reference by 0.9 to get apparent digestibility coefficients. The factor 0.9
was chosen because from three experiments an apparent digestibility coefficient of
90 for monosodium phosphate was obtained (Jongbloed, 1987; Dellaert et al.,
1990). This correction was applied to the availability figures cited in the literature
and the recalculated results are presented in Table 1.

The value for maize + soya bean meal feeds was obtained after applying a
proportion from 10 to 17 % of soya bean meal in the feed. Average P digestibility
in maize was calculated by leaving out the value of 48 % obtained by Fourdin et
al. (1986). Their value differed extremely from other values. Ensiled moist maize
has a much higher P digestibility than dry maize. This can be explained by hydroly-
sis of phytate by microbial phytase during the ensiling process. Wheat and wheat
by-products have a considerable higher P digestibility than maize, barley and soya
bean meal. This can be explained by the presence of wheat phytase, which has a
higher activity (Pointillart et al., 1984).

Feedstuffs of animal origin usually contain a considerable concentration of pro-
tein with a high biological value. These products are also rich in P, which is almost
allin the form of inorganic phosphates. Therefore a high availability and substantial
contribution to the supply of P for pigs may be expected.

However, bibliographic information concerning the availability of phosphorus
from feedstuffs of animal origin is rather scarce. Huang & Allee (1981) reported that
the P availability from meat and bone meal was 93 %, whereas the values for fish
meal and steamed bone meal found by Hew et al. (1982) amounted to 102 and 82 %,
respectively. Also, Burnell et al. (1988) concluded that P from dried whey is availa-
ble for 76 % and from blood meal for 92 %,

The review shows that information on P digestibility of only a few feedstuffs is
available. As in the Netherlands a lot of by-products of cereals and oil containing
seeds are used in pig feeds, studies were performed with a lot of these feedstuffs.

Table 1. Recalculated apparent digestibility of P in some feeds and feedstuffs (Jongbloed, 1987).

Feed or feedstuff n Digestibility (%) Range
{(mean + SD)

Maize + soya bean meal 13 30 + 10 15-39
Barley 6 32 + 14 16-51
Maize 9 17+ 9 8-29
Maize (moist, ensiled) 4 42 + 7 36-52
Wheat 5 4 + 4 36-46
Wheat bran/middlings 6 41 += 11 32-50
Soya bean meal 6 24 + 8 15-34
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Experiments with pigs to determine the digestibility of P in different feedstuffs

Details of experiments with various feeds have been described by Jongbloed (1987)
and by Jongbloed & Kemme (1990). Therefore, only relevant aspects of these trials
will be discussed.

Materials and methods

Most trials were performed according to a Latin square design. Altogether more
than 100 batches of feedstuffs have been tested for P digestibility. To include a
mean figure of feedstuffs from plant origin at least 3 batches per feedstuff were test-
ed. This was not the case for feedstuffs of animal origin because almost all phospho-
rus is in the inorganic form. Only 1 or 2 batches have been tested so far for some
feedstuffs such as lupins, wheat germ meal, wheat gluten feed meal, soya beans (full
fat), ground nut expeller, cottonseed expeller, coconut meal solvent extracted, lin-
seed expeller, linseed solvent extracted, rape seed meal solvent extracted and lu-
cerne.

In each trial, 4 animals were used in the weight range of 45 to 110 kg. In the trials
a basal feed was used except for barley, maize and wheat, which were tested as a
single feed. For the first 29 trials, barley served as a basal feed but due to the
presence of some phytase in barley, which might affect the P digestibility, it was
substituted by maize. The procedure was such that about S0 % or more of the tested
feedstuff should be used in addition to the basal diet, provided that the concentra-
tion of digestible P in the diet should not exceed 1.6 g kg—!. This is regarded as the
minimum P requirement for growing pigs (Jongbloed, 1987). To balance the feeds
all vitamins and essential trace elements were added. The Ca/P ratio in the diet was
maintained at 1.3 by the addition of limestone, with a concentration of Ca above
5.0 g kg—!. This means that diets with rice bran, wheat bran and maize gluten feed
due to a relative high P content also contained an increased concentration of Ca.
A total of 26 diets had a Ca concentration above 8.0 g kg—! dry matter. In the tri-
als since 1988 all diets are fixed at 6.0 g Ca kg-!.

In 8 trials with animal products maize was used as a basal diet and supplemented
with different animal products at a constant total Ca content in feed of 6.0 g kg!.
In addition, 2 trials were carried out using the slope ratio technique to evaluate
batches of meat and bone meal, and bone precipitate (Dellaert et al., 1990).

In all trials using the balance technique the amount energy in the diet fed was 2.3
times maintenance (292 kJ NE; or 418 kJ ME kg-3/4). Just before feeding time
about 2.5 1 water was added per kg of diet. The diet was offered twice daily in simi-
lar amounts. The procedure for sampling, weighing and analytical techniques have
been described by Jongbloed & Kemme (1990).

Digestibility of P in the tested feedstuffs was calculated by difference assuming
that the digestibility of P in the basal diet was constant and equal to the results of
the trial with basal feed only.
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Results

The results of the chemical analyses in the feedstuffs of plant origin and the P diges-
tibility are presented in Table 2.

The mean standard deviation of P digestibility of the total ration (basal diet +
tested feedstuff) over all trials was 3.8 %. For barley, maize and wheat, which were
tested as single feeds, the mean standard deviation was slightly smaller. The mean
standard deviation of P digestibility of feedstuffs tested with a basal diet was 6.4 %.
This is higher than of the total ration because usually only 50 to 80 % of total digest-
ible P originated from the feedstuff tested. In the case of tapioca, providing less
than 30 % of digestible P in the whole ration, the standard deviation of P digestibili-
ty was much higher, i.e. 19 %.

Concentration of P between the feedstuffs differed substantially and varied be-
tween 1.4 g kg-! dry matter (tapioca meal) and 17 g kg-! dry matter (rice bran).

The concentration of phytate P as a proportion of total P ranged between 30 %
(in tapioca and beans) and 80 % (in rice bran and wheat middlings). About two
thirds of total P in barley, wheat and maize is present as phytate P. In some other
feedstuffs such as hominy feed and maize gluten feed phytate P concentration
varied markedly, presumably due to differences in processing.

Relatively large differences in P digestibility were observed between feedstuffs.
The lowest P digestibility was noted for tapioca meal and rice bran (10 and 12 %,
respectively), whereas the highest values were obtained for wheat and peas (47 and

Table 2. Ca, P and phytate P concentration of feedstuffs tested and apparent P digestibility coefficients
(mean, SD and range).

Number of Concentration in feedstuff (g kg-') P digestibility (%)

trials

Ca P phytate P mean SD range
Barley S 1.3+0.4 44+03 2.8+0.2 139 4  34-44
Maize 7 0.6+0.3 3.2+04 2.1+03 17 5 12-26
Wheat 5 0.6+£0.2 4.1+04 29+02 47 2 45-51
Beans (Phaseolus spp.) 3 2.1+0.5 5.2+04 1.7+0.4 38 10 29-48
Peas 4 1.9+1.4 4.8+0.9 2.4+0.7 45 4 42-51
Hominy feed 7 2.9+3.3 7.3+1.5 49+20 19 8 10-34
Rice bran (<3 % husks) 4 2.7+£2.7 17.0+2.7 13.8+3.3 12 2 9-13
Wheat middlings 6 1.3+£0.2 12.0+0.8 9.6+0.9 28 6 18-35
Maize gluten feed 10 0.8+0.5 98+1.6 63+x1.6 20 6 12-32
Tapioca meal 3 2.8+0.4 1.4+0.3 04+0.2 10 12 1-24
Coconut expeller 5 1.3+0.5 5.8+0.2 26+0.5 34 8 25-43
Maize meal solvent extr. 4 0.4+0.3 7.4+0.8 54+x03 20 9 11-31

Soya bean meal solv. extr.
(XF > 7 %) 3 3.7+£0.7 6.6+0.5 4.0+04 37 1 36-38

Soya bean meal solv. extr.
(XF < 3.5 %; dehulled) 3 3.7+0.6 7.3x0.6 42+09 38 4 3341
Sunflower seed meal solv. extr. 4 3.9+0.3 11.6+2.1 89+2.1 16 1 14-17
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Table 3. Ca and P concentration in feedstuffs of animal origin tested and apparent P digestibility coeffi-
cients (B = balance technique; S = slope ratio technique).

Technique Number of Concentration in P digestibility
trials feedstuff (g kg-1)
Ca P
Meat meal B 1 48.6 22.5 74
Meat meal B 1 66.3 33.1 85
Bone meal B 1 174.2 85.7 68
Fish meal B 2 33.1 25.2 86
Feather meal (hydrolysed) B 1 3.6 1.6 75
Skimmed milk powder B 1 12.7 10.6 91
Whey powder (poor in lactose) B 1 10.6 14.8 82
Bone precipitate S 1 229.0 176.3 87
Meat and bone meal S 1 182.2 87.6 80

45 %, respectively). For maize and maize by-products, such as hominy feed, maize
gluten feed and maize meal solvent extracted, the P digestibility was low, varying
from 17 to 20 % (Table 2). P digestibility of barley, beans and soya bean meal sol-
vent extracted ranged from 37 to 39 %. In one trial with soya bean meal a value
of 51 % was obtained, but this figure was regarded as an outlier. Also, in one batch
of sunflower seed meal solvent extracted the apparent digestibility of P amounted
to 38 %, whereas the other values for P in this feedstuff were around 16 %.

Concentration of Ca and P in all the tested products of animal origin and the ap-
parent digestibility coefficients of P are presented in Table 3. The observed Ca/P
ratio was nearly 2 for meat meal, bone meal and meat + bone meal. For fish meal
and skimmed milk powder it ranged between 1.2-1.3 and in whey powder (poor in
lactose) the Ca/P ratio was 0.7.

The apparent P digestibility in those feedstuffs is high, ranging from 68 to 91 %.
The values are quite close to those obtained for feed-grade phosphates (Dellaert et
al., 1990).

Discussion

Comparison of the coefficients of apparent P digestibility presented in Table 1 and
in Table 2 lead to a conclusion that only for some feedstuffs there is a good agree-
ment between literature and our own results.

Digestibility of P from barley used in our trials was not significantly different
from that cited in the literature (39 vs 32 %). In our trials there was a tendency for
a higher P digestibility with a lower proportion of phytate P.

Maize by-products contain 2 to 3 times more P than maize itself, but the apparent
digestibility was very similar (17 and 20 %, respectively). It indicates that about
80 % of P from the maize by-products is excreted in faeces.

The apparent digestibility of P in wheat was relatively high both in literature
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(44 %) and our own trials (47 %). This may be attributed to a high phytase activity
as suggested by Fourdin et al. (1986). In our trials it was found that wheat contained
about 1000 phytase units per kg (1 unit = release of one yumol inorganic P min-1),
which is rather high.

In contrast to data on wheat bran/middlings from the literature, we obtained a
markedly lower value (41 vs 28 %). Phytase activity measured for some batches of
wheat middlings ranged between 3700 and 5100 units. Also, there was a relatively
large variation in P digestibility of wheat bran. Recent trials elucidated that, apart
from differences in phytase activity, presumably a high calcium concentration in the
diet significantly diminished P absorbability (unpublished results). Jongbloed (1987)
and Jongbloed & Kemme (1990) reported that a calcium level exceeding 10 g kg-!
in the diet may depress P digestibility of wheat bran.

Peas and beans have a rather high P digestibility, which can partly be explained
by a relatively low concentration of phytate P.

The extremely low value for tapioca meal (10 %) was mainly due to the small
amount of P in this feedstuff, but might also be affected by a relatively high propor-
tion of endogenous P in total intake of P.

In our trials the P digestibility of soya bean meal solvent extracted was superior
to the value from literature. We assume that the value in the literature underesti-
mates its P digestibility. Assuming that the P digestibility for maize is correct (17 %)
and the P digestibility for a maize-soya bean meal diet is 30 % (Table 1), then it
can be estimated that the value for soya bean meal should be at least 40 %.

According to NRC (1988) the availability of P in soya bean meal and dehulled
soya bean meal is 38 and 25 %, respectively, whereas our studies prove that both
feedstuffs have similar P digestibility (37 and 38 %). Based on the phytate P content
in the feedstuffs and assuming that non-phytate P in the feedstuffs is absorbed for
80 %, it was calculated that no P bound to phytate complexes has been absorbed
from most of the feedstuffs. However, from wheat, wheat middlings and barley,
which contain phytase, some P from phytate P has been absorbed. Similar conclu-
sions were drawn by Pointillart et al. (1984) and Fourdin et al. (1986; 1988).

Due to the high concentration of P in bone meal it seems that the balance tech-
nique is less suitable for experiments on this meal with growing-finishing pigs. To
obtain a level of less than 1.6 g digestible P in the feed, only a small amount of bone
meal can be added to the basal diet and therefore the analytical error is relatively
high.

Re-evaluating the bibliographic data of the P availability in fish meal,
meat + bone meal and steamed bone meal according to its digestibility coefficients
(availability coefficients X 0.9) it was obtained 92, 84 and 74 %, respectively. These
values are slightly higher than those presented in Table 3, except for dried whey.
Variability of P content in the compared batches of the same feedstuff might be due
to differences in technologies of manufacturing and so digestibility of P.

It seems likely that the P digestibility in bone precipitate is higher than in steamed
bone meal, which may arise from differences in physico-chemical structure of the
products.
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Conclusion

Our results indicate that the digestibility of P in various feedstuffs of plant origin
varies substantially. Factors which cause variation in P digestibility between feed-
stuffs are the origin of the feedstuff, the concentrations of phytate P and of total
P and the presence of phytase. The digestibility of P in maize, maize by-products,
rice bran and sunflower seed meal is 20 % or lower and thus substantially lower
than the generally accepted value between 30 and 35 %. However, in the case of
wheat (phytase-rich) and peas these values are largely underestimated.

At least three values should be gathered for feedstuffs of plant origin not men-
tioned in Table 2 to work out a good basis for reliable tabular data on digestible
P that can be applied for practice.

The apparent digestibility of P in feedstuffs of animal origin is high and ranges
from 70 to 90 %. These feedstuffs can supply high amounts of digestible P in diets
for pigs. More observations are needed for each animal product to justify whether
the P digestibility is below or above 80 %. From presented results it can be conclud-
ed that P from meat meal, bone meal as well as meat and bone meal is digested
around 80 %.
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