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Abstract

Ruminal bacteria and protozoa provide excellent organic phosphorus (P) sources for the
host animal. This experiment was conducted to compare the bioavailability of bacterial and protozoal
P in comparison with that of dicalcium phosphate (DCP) as a reference phosphorus source. Bacteria
and protozoa were isolated from the rumen contents of dairy cows and the chick-model was used to
determine the phosphorus bioavailability. Fifteen day-old chicks were used in a completely randomized design with 4 treatments consisting of a control diet (without P, as a basal diet), bacterial P+basal
diet, protozoalP+basal diet, and DCP+basal diet. Phosphorus balance was selected as the response
criterion for phosphorus bioavailability assessment, using multiple linear regressions. The results
showed a higher phosphorus bioavailability of protozoal P and DCP compared with bacterial P
(P<0.05); with no significant difference between protozoal P and DCP. Relative phosphorus bioavailability values of bacterial source ranged from 0.451 to 0.495, using protozoal source as reference.
Bioavailability of P in rumen protozoa, relative to that in DCP, was high (approximately 97%); therefore rumen protozoa may serve as an important source of organic P in ruminants for providing a significant portion of phosphorus requirements.
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Introduction
Organic and inorganic minerals are usually absorbed with different mechanisms in the small intestine
which may increase their biological availability. Therefore, utilization of organic phosphorus (P) may lead to
decreased use of inorganic P supplements, which will
not only decrease the total amount of P excreted but
also the potentially more polluting water soluble P
(Kebreab et al., 2008). Phosphorus in the rumen microorganisms is a constituent of primary cell metabolites such as nucleotides, coenzymes, teichoic acids of
the cell walls of Gram-positive bacteria and phospholipids, which occur mainly in the cytoplasmic and outer membranes of Gram-negative bacteria (Durand and
Kawashima, 1980). On the other hand, microorganisms
are capable of accumulating excess inorganic phosphate in the form of inorganic polyphosphate (Kulaev
et al., 1999). It appears that ruminal microorganisms
are largely dependent on dietary phosphorus for their P
needs (Durand and Kawashima, 1980) and the factors
which stimulate microbial growth (e.g., digestible organic matter) would increase phosphorus uptake by
rumen microbes that is consequently passed to the low-

er tract for utilization by the host animal (Bravo et al.,
2003).
Environmental concerns with phosphorus (P) have
forced the animal industry to re-evaluate the levels
formulated in diets. It has been demonstrated in numerous research trials that excess P intake equates to
excess P out in the manure. The ideal way of controlling P intake is developing diets that closely match the
animal’s requirement and implementing feeding management practices to ensure those levels are being consumed. In this regards, a better understanding of the
bioavailability of phosphorus in rumen bacteria and
protozoa is essential so that diets can be formulated to
meet minimum requirements without over supplementing phosphorus and causing environmental problems.
Therefore, objectives of this study were 1) to evaluate of availability of P content in ruminal bacterial and
protozoal as a two main phosphorus sources using
chick-model and 2) to compare DCP, as a P supplement usually used in animal diets, with bacterial and
protozoal P sources.
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Materials and methods

for bacterial preparation.

Phosphorus source preparations

Dicalcium phosphate (DCP)

Rumen bacteria

Commercial dicalcium phosphate was used as a reference inorganic phosphate source (Table 1).

Rumen fluid was collected from three dry Holstein
cows fed at energy maintenance level with a diet containing hay, wheat straw and concentrate mix in the
proportion of 0.47, 0.22 and 0.31 on as fed basis, respectively. Rumen bacteria were isolated using a modified procedure as described by Pathak et al. (1996).
After collection, about 20 liters of fluid, needed to obtain sufficient bacterial number, was filtered through
two layers of surgical gauze and transported to the laboratory in pre-heated thermo flasks (about 39°C) and
left aside about 45 minutes in order to deposit of feed
residues and very large protozoa. The extract was then
transferred into 250- milliliter centrifuge containers
and centrifuged at 1000 × g and 4°C for 5 minutes. The
supernatant was evacuated and collected carefully and
centrifuged at 17000 × g and 4°C for 20 min (Beckman
Avanti®-High speed Centrifuge). The supernatant was
evacuated and outcome depositions were mustered.
Because of large volume of rumen extract needed
(about 20 liters), these procedures were repeated several times and final depositions containing rumen bacteria were transferred to special freeze-dryer dishes and
kept at -80°C temperature for 43 hours. Bacterial samples were freeze-dried (CHRiST®) and milled through
a 0.5 mm screen on a hammer mill (Retsch®) and
stored under vacuum.

Table 1.Commercial dicalcium phosphate characteristics
Item

Composition (%)

Phosphorus
Calcium
Flouride
Water solubility
Dry matter
pH

17
23
0.17
85
97
3.76

Chicken preparation and training
Thirty 1-day-old commercial broiler chickens
(Ross, Iranian agency) were housed in floor pens containing litter composed of wood shavings and received
a corn-based starter diet (Table 2). At 12 days of age,
24 chicks were selected and were trained for forced
feeding by using a funnel (6-mm outside diameter) as
described by Bilgili et al. (1982). During this period all
birds were housed in layer cages with mesh bottoms to
adapt to conditions during the digestion trial. No abnormality was shown by chicken during this period.
Table 2. Ingredients and nutrient composition of the
starter diet.
Dietary components,%
Ingredients
Corn
56.53
Soybean
37.29
Oil
2.53
Dicalcium phosphate
1.53
Iodized salt
0.36
Shell powder
1.26
Mineral supplement1
0.25
Vitamin supplement2
0.25
Nutrient composition3
ME (kcal/kg)
2950
Crude protein (%)
21.4
Calcium (%)
0.93
Total P (%)
0.68
Non-phytate P (%)
0.44
Methionine (%)
0.36
Lysine (%)
1.23

Rumen protozoa
About 30-40 liters of rumen fluid were obtained 3
to 4 hours post feeding from four dry Holstein cows.
Rumen protozoa were isolated using a modified Pathak
et al. (1996) procedure. The rumen fluid was filtered
through ten layers of surgical gauze and transported to
the laboratory in pre-heated thermo flasks (about 39°C)
and left aside, allowing large protozoa to precipitate as
a visible white layer at the bottom of funnel shape vessels. This layer was withdrawn carefully and collected
in a beaker and kept at 4°C for later stages. The supernatant was transferred to 250- milliliter centrifuge
tubes and centrifuged at 500 × g and 4°C for 15 min
(Eppendorf® Multi-Propose Centrifuge). The greywhite layer at the bottom of centrifuge tubes was collected and added to the beaker containing protozoa and
kept at 4°C. After being centrifuged, contents of the
beaker were transferred to special freeze- dryer dishes
and kept at -80°C temperature for 48 hours. Freezedrying and milling procedures were similar to that used

1

magnesium, 99.2; zinc, 84.7 mg; iron, 50 mg; copper, 10 mg;
iodine, 0.99 mg; selenium, 0.2 mg (supplied per kilogram of diet).
2
vitamin A, 9,000 IU; cholecalciferol, 2,000 IU; vitamin E, 18
mg; riboflavin, 6.6 mg; choline chloride, 250 mg; vitamin B 12, 15
µg; vitamin B6, 2.94 mg;biotin, 0.11 mg; folic acid, 1 mg; vitamin
B5, 29.65 mg; vitamin B3, 9.8 mg; vitamin B1, 1.75 mg; vitamin
K3, 2 mg.
3
Calculated according to NRC (1994) from the diet composition.
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was detected the means were compared by the Duncan’s test (SAS, 2005). Relative bioavailability (RBV)
of microbial P was tested by the procedure described
by Littell et al., (1997). In the SAS statements, the
SOLUTION option was invoked in the MODEL
statement to obtain printed estimates of the regression
parameters because a CLASS term was used in the
GLM statements. The I (which stands for “inverse” of
the X´X matrix) option was used to obtain the covariance information needed to construct a confidence interval for RBV.

Diets
Four diets were prepared by mixing corn starch as a
basal diet containing 0.4% phosphorus as recommended by NRC (1994) for chicken at starter stage. In control treatment, diet contained only corn starch, which
was milled through a 1- mm screen on a hammer mill.
Control treatment was selected for determining the
endogenous phosphorus loss. Bacterial treatment consisted of corn starch plus dried rumen bacterial to provided 0.4% total phosphorus content. Bacterial, protozoal and DCP treatments consisted of corn starch plus
dried rumen bacteria, dried rumen protozoa and DCP,
respectively to provided 0.4% total phosphorus. Each
diet was mixed well, weighted (5 g) by 3 digit balance,
kept in air tight plastic bags and stored at 4°C.

Results and Discussion
Chick-model vs. other species for study of bioavailability
In the present study chick-model was used for estimation of P bioavailability. The main species used as a
model are chickens, rats, pigs, guinea pigs and primates. For estimation of P availability in rumen microbes using small samples the large species are not
suitable. Rats seem to be similar to dairy cows but, the
physiological characteristics of the rat also make it an
unsuitable model for research on P bioavailability
(Gueguen et al., 2000). Unlike chicks and cows, the rat
intestine contains high levels of phytase activity enabling it to hydrolyze phytates. Furthermore, chickens
kept for this purpose may be less expensive to maintain
than multicannulated cattle. Pfeffer et al. (1970)
showed that in ruminants as in monogasteric species,
the small intestine are the major site of P absorption.

Digestion trial
A digestion trial was performed using forced- fed
broiler chickens from 15 to 21 days of age. Twenty
four birds (6 replications in each treatment) were
housed in individual layer cages with mesh bottoms.
Digestion period consisted of 4 days of adaptation,
followed by 72 hr forced- feeding (Sibbald, 1979) with
5 g of feed from each treatment 4 times at 6- hr intervals (20g/day). Birds had free access to water from 30
min after being force- feeding to prevent regurgitation
of feed from the crop). The cages were kept in controlled a room (28°C and approximately 58% ± 3 relative humidity). Excreta were collected for each 24hour period at days 19, 20 and 21. Contaminants, such
as down and scales, were carefully removed, and excreta were stored in containers at –25°C. Total excreta
from each chick were subsequently dried in an oven at
70°C, weighed, ground through a 0.5- mm sieve, and
stored in an airlock plastic vessel at 4°C until analysis.

Phosphorus digestibility
Characteristics of phosphorus source in different
treatments are shown in Table 3. The results of phosphorus digestibility for each phosphate sources are
shown in Table 4.
Chick on control treatment showed negative digestibility. The loss of P from the body in chicks on the Pfree diet is representative of the endogenous and metabolic P. Data on endogenous and metabolic P loss in
broiler chickens are scarce, but estimates have generally ranged from 250 to 450 mg of endogenous P/kg of
DM intake (Rutherfurd et al., 2004). The endogenous
loss is assumed to be constant under P deficient conditions and is usually expressed on a live weight basis.

Chemical analysis
The P contents of the basal diet (corn starch), phosphorus sources and excreta were analyzed by spectrophotometric procedures (AOAC, 2002).

Statistical Analyses
The data were analyzed using the general linear
model procedure, and if a significant (P<0.05) effect was

Table 3. Composition (mg/g) of phosphorus sources from bacteria, protozoa and
dicalcium phosphate (DCP).
Source
Rumen bacteria
Rumen protozoa
DCP

Phosphorus

Nitrogen

Nitrogen/Phosphorus

13.85
29.70
170.00

71.10
55.30
-

5.13
1.86
-
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Martz et al. (1990, 1999) estimated endogenous P
to be 900 to 1500 mg/100 kg body weight (BW) per
day in lac tating cows and 700 mg/100 kg BW per day
in non-lactating cows using 32P. Using extrapolation to
zero Pintake, Conrad (1999) obtained 3900 mg/d, or
700 mg/100 kg BW (assuming 600 kg BW) in lactating
cows. The values used by different feeding standards
range from 1000 to 3500 mg/100 kg of live weight
(Tamminga, 1992). In the present study, endogenous
and metabolic P loss was estimated at 413 mg/kg DM
intake or 27.6 mg/kg body weight, which is within the
range of reported values. The endogenous and metabolic P loss in chickens in control treatment was used
to adjust true P digestibility in other treatments.
The P source affected the true P digestibility. Both
P from rumen protozoa and DCP showed highest true
digestibility and P from rumen bacterial showed lowest
digestibility (P<0.05). However, phosphorus true digestibility did not differ significantly between protozoal and DCP treatments (P>0.05).
The following models were used to estimate P absorbability (Y) :
YProtozoa = 1.44 × 10-7 + 0.945 P
(1)
YBacteria = 1.44 × 10-7 + 0.447 P
(2)
YDCP = 1.44 × 10-7 + 0.972 P
(3)
where, P is the P intake. The intercept value of (1.44 ×
10-7) is negligible and in practical use can be omitted
from the equations.

Fiducial intervals are used in practice for essentially
the same purpose as confidence limits, although they
are based on different philosophical foundations.
Computation of fiducial intervals requires the covariance matrix of the vector of parameter estimates in Eq.
[1 to 3]. Consider a regression model written in standard matrix notation Y = Xβ + ε. If the errors are independently distributed with common variance δ2, then
the covariance matrix of the vector of parameter estimates is V(β) = δ2 (X'X) -1. The matrix (X'X) -1 is:
 25,581  277.4243  264.3928  308.1471
 277.4243 4.98619
2.86731
3.34183 
(X′X)-1= (10-5) . 
 264.3928 2.86731
6.06193
3.18485 


3.18485
6.65223 
  308.1471 3.34183

The (estimated) covariance matrix is obtained by
multiplying the MSE times (X'X)-1. In this manner the
variance of the standard source (DCP) regression coefficient is:
MSE.(10-5)(4.986)=(71.87)(10-5)(4.99)=
(0.059864)2

A simplified version of the fiducial limits presented
by Finney (1978) can be used when quantity g is small
enough to be negligible. The g value is (t·(SE of
bDCP)/(bDCP)) 2, where t is the 0.05 two-sided critical
value for a t distribution with degrees of freedom for
MSE, and bDCP is the slope of the standard source regression line. Thus, for the DCP source in phosphorus
absorbability data:

Estimation of phosphorus relative bioavailability
(RBV)
From equations [2] and [3], the relative bioavailability value for bacterial P is:
RBV = bBacteria/bDCP = 0.447/0.972= 0.46

(5)

g = ((2.093) (0.059864) / (0.972)) 2 = 0.0166

(6)

Considering 0.0166 negligible and following the logic
of Finney (1978), the variance for the RBV of bacterial
phosphorus can be calculated as:

(4)

This means that approximately 0.46 g of P from DCP
will yield approximately the same amount of digestible
phosphorus (corrected for endogenous phosphorus
loss) as 1g of P from the bacterial source. In the ratmodel Sehested et al. (personal communication) found
that digestibility of rumen bacterial P was 43%, which
is very close to 46% in the present study.
Finney (1978) discussed computation of the socalled fiducial intervals for relative bioavailability values.

V(RBV) = (71.872) (10-5) [6.062–2 (RBV)
(2.8673) + (RBV)2 (4.986)]/(0.972)2 =(71.872)
(10-5)
[6.062–2
(0.46)
(2.8673)+(0.46)2
2
(4.986)]/(0.972) = 0.003406.

(7)

Thus, an approximate standard error for RBV of bacterial phosphorus is (0.003406)1/2 = 0.058. Approximate
95% fiducial limits for RVB are then:

Table 4. Endogenous phosphorus loss and digestibility of different phosphorus
sources in the chick-model.
Test source
P digestibility*
SE
Endogenous P loss (mg/day)
8.265
5.510
Rumen protozoa (mg/g)
94.532a
6.914
Rumen bacteria (mg/g)
44.660b
6.600
Dicalcium phosphate (mg/g)
97.227a
5.986
* Corrected for endogenous P loss, SE: Standard error,
a–b
Means with the same letter are not significantly different (P<0.05).
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(RBV–2(0.058),RBV+2(0.058))=(0.344,0.576)

the present study, RBV of phosphorus from rumen
bacteria relative to phosphorus from rumen protozoa
can be calculated as:

(8)

Therefore, while the RBV of bacterial phosphorus estimate is 0.46, the reader can be 95% confident that the
true RBV of bacterial phosphorus is between 0.344 and
0.576.
The low phosphorus bioavailability in bacteria may
be explained by this fact that bacteria can store P as
polyphosphates (Weltin et al., 1996) and, it has been
shown that digestibility of organic polyphosphates is
negligible in intestine (Viljoen, 2003; Soares, 1995;
Devereux et al., 1994). Phytic acid has been shown to
have a strong antinutritive effect (Pallauf and Rimbach, 1996). This effect is based on the unusual molecular structure of phytic acid Literature on phytic
acid existence in rumen bacterial cells is scarce, but the
report of Smith et al. (1994) is an evidence of phytate
nature of rumen bacterial phosphorus. Therefore, based
on findings of Smith et al. (1994), a portion of phosphorus in rumen bacteria is in the form of phytate. In
this regards, low RBV of rumen bacteria in the present
study may partly be related to the phytate entity of rumen bacterial phosphorus.
In same manner, it is possible to calculate RBV of
protozoal phosphorus with confidence interval as follows:
RBV = bProtozoa/bDCP = 0.945/0.972= 0.972

RBV (bacteria relative to protozoa) =
bBacteria/bProtozoa=0.447/0.945= 0.473

It means, approximately, 0.473g of P from the protozoa will yield approximately the same amount of digestible phosphorus (corrected for endogenous phosphorus loss) as 1g of P from the bacterial source. The
variance of the standard source regression coefficient
is:
MSE.(10-5) (6.65223) =
(6.65223) = (0.06914526)2

(71.87164)

(10 -5)

(13)

The RBV variance can be calculated as:
V(RBV) = (71.872) (10-5) [3.18485– 2 (RBV)
(6.06193) + (RBV)2 (6.65223) ]/(0.94531)2
= (71.872) (10-5) [3.18485– 2 (0.473) (6.06193) +
(0.473)2 (6.65223)]/(0.94531)2
= 0.000482.

(14)

Thus, an approximate standard error for RBV is
(0.000482)1/2 = 0.022.

Approximate 95% fiducial limits for RVB are then:
(RBV–2(0.022),RBV+2(0.022))=(0.451,0.495)

(9)

(15)

Unlike bacteria, protozoa do not have cell walls.
The indigestible portion of microbes is the cell wall,
which in bacteria is composed of peptidoglycans. On
the other hands, the digestibility of protozoa is higher
than bacteria, because larger organisms with less surface to total mass are on the average more digestible
(Van Soest, 1994). In particular, the protozoal nutrient
components, although of similar biological value to
bacterial nutrient components, are readily digested
(McNaught et al., 1954; Bergen et al., 1968).

It means, approximately 0.972 g of P from the DCP
source will yield approximately the same amount of
digestible phosphorus (corrected for endogenous phosphorus loss) as 1g of P from protozoa.
V(RBV) = (71.872) (10-5) [6.652 – 2 (RBV)
(3.3418) + (RBV)2 (4.986)]/(0.972)2
= (71.872) (10-5) [6.652 – 2 (0.972) (3.34183) +
(0.972)2 (4.986)]/(0.972)2
= 0.0037007.

(10)
Thus, an approximate standard error for RBV of protozoa phosphorus is (0.0037007)1/2 = 0.061. Approximate 95% fiducial limits for RVB are then:
(RBV–2(0.061), RBV+2(0.061)) = (0.85, 1.094)

(12)

Implications
The results of this study indicated that in formulating diets for dairy cattle, contribution of rumen bacterial and protozoal phosphorus should be taken into account. If the weight of the rumen contents is approximately 100 kg in an adult cow, it is estimated that approximately 4 kg of total microbial biomass is present
in this compartment, half of which (2 kg) is represented by the protozoa pool and the other half (2 kg) is represented by bacteria (Jean-Pierre, 2005). Total bacterial and protozoal biomass contains about 87.1 g P (27.7
g bacterial P + 59.4 g protozoal P), providing 50.82 g
available P amounting to nearly 76% of phosphorus
requirements and almost 24% of that provided directly
by forages, concentrates and mineral supplements.

(11)

No reports have been published on P bioavailability
of rumen protozoa. Since "availability" of phosphorus
is a relative term and is dependent on the standard reference sources used, it is possible to obtain results that
are greater than 1. The result of estimates indicated
that in some cases protozoal phosphorus bioavailability
will be higher than P availability from DCP (1.094 vs.
1.00). In this regards, it is possible to evaluate other
microbial phosphorus bioavailability such as bacteria
or fungi relative to rumen protozoa as a reference. In the
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Moharrery et al.
function. Journal of Bioscience and Bioengineering
88,111–129.

Acknowledgments
We are grateful to all the staff from the Section of
Research Department in the Shahrekord University.
The authors are also thankful to Prof. JakobSehested
(Senior Scientist of Aarhus University, DK-8830 Tjele,
Denmark) for his comments on the earlier version of
this paper.

Littell, R.C., Henry, P.R., Lewis, A.J., Ammerman, C.B.,
1997. Estimation of relative bioavailability of nutrients
using SAS procedures. Journal of Animal Science
75,2672–2683.
Martz, F.A., Belo, A.T., Weiss, M.F., Belyea, R.L., Goff,
J.P., 1990. True absorption of calcium and phosphorus
from alfalfa and corn silage when fed to lactating cows.
Journal of Dairy Science 73,1288–1295.

References
AOAC. 2002. Official Methods of the Association of Official Analytical Chemists. 17th Ed., Washington DC., USA.

Martz, F.A., Belo, A.T., Weiss, M.F., Belyea, R.L., 1999.
True absorption of calcium and phosphorus from corn silage fed to nonlactating, pregnant dairy cows. Journal of
Dairy Science 82,618–622.

Bergen, W.G., Purser, D.B., Cline, J.H., 1968. Determination of limiting amino acid of rumen isolated microbial
proteins fed to rat. Journal of Dairy Science 51, 16981700.

McNaught, M.L., Owen, E.C., Henry, K.M., Kon, S.K.,
1954. The utilization of non-protein nitrogen in the bovine
rumen. 8. The nutritive value of the proteins of preparations of dried rumen bacteria, rumen protozoa and backers
yeast for rat.Biochemical Journal 56,151-156.

Bilgili, S.F., Arscott, G.H., Goeger, M.P., Harper, J.A.,
Nakaue, H.S., 1982. True metabolizable energy values of
some poultry feedstuff available in the Pacific Northwest.
Special Report 657. Agricultural Experiment Station Oregon State University, Corvallis.

NRC ., 2001. Nutrient Requirements of Dairy Cattle. 7 th
Revised Ed. National Academy of Sciences, Washington,
DC.

Bravo, D., Sauvant, D., Bogaert, C., Meschy, F., 2003. II.
Quantitative aspects of phosphorus absorption in ruminants. Reproduction Nutrition Development 43,271–284.

NRC., 1994. Nutrient Requirements of Poultry. 9th Revised
Ed. National Academy Press, Washington, DC.

Conrad, H. R., 1999. Dietary phosphorus, excretory phosphorus and environmental concerns. Proceeding of the 10 th
Annual Florida Ruminant Nutrition Symposium. Gainesville, FL.

Pallauf, J., Rimbach, G.,1996. Nutritional significance of
phytic acid and phytase. Archives of Animal Nutrition
50,301–319.

Devereux, C., Smart, M., Kalt, F.P., Takei, N., 1994. Animal
feeds: Phosphate Supplements. CEH Marketing Research
Report.

Pathak, N.N., Kamra, D.N., Jakhmola, R.C., 1996. Analytical Techniques in Animal Nutrition Research, International Book Distributing Co., India, p. 201.

Durand, M., Kawashima, R., 1980. Influence of minerals in
rumen microbial digestion. In: Ruckebusch, Y., Thivend,
P. (Eds), Digestive Physiology and Metabolism in Ruminants, MTP, Lancaster, England, pp. 375–408.

Rutherfurd, S.M., Chung, T.K., Morel, P.C.H., Moughan,
P.J., 2004. Effect of microbial phytase on ileal digestibility
of phytate phosphorus, total phosphorus, and amino acids
in a low-phosphorus diet for broilers. Poultry Science
83,61–68.

Finney, D.J., 1978. Statistical Method in Biological Assay
(3rd Ed.). Griffin, London.

SAS Institute, 2005. Statistical Analysis System, version 9.1
(release TS1M3). SAS Institute Inc., Cary, NC, USA.

Guéguen, L., MsSc, Agr.,Pointillart, A., 2000. The bioavailability of dietary calcium. Journal of American College
Nutrition 19,119S–136S.

Scholz-Ahrens, K.E., Delling, G., Jungblut, P.W., Kallweit,
E., Barth, A., 1996. Effect of ovariectomy on bone histology and plasma parameters of bone metabolism in nulliparous and multiparous sows. Z Ernährungswiss 35,13–21.

Jean-Pierre, J., 2005. A European bank for rumen protozoa.
Herbivore Research Unit, Department of Animal Physiology and Livestock Systems, Clermont-Ferrand-Theix Research Centre.

Sibbald, I.R., 1979. Passage of feed through the adult rooster. Poultry Science 58, 446-459.

Kebreab, E., Odongo, N.E., McBride, B.W., Hanigan, M.D.,
France, J., 2008. Phosphorus utilization and environmental
and economic implications of reducing phosphorus pollution from Ontario dairy cows. Journal of Dairy Science
91,241–246.

Smith, A.W., Poyner, D.R., Hughes, H.K., Lambert,
P.A.,1994. Siderophore activity of myo-inositol Hexakisphosphate in Pseudomonas aeruginosa. Journal of
Bacteriology 176,3455–3459.
Soares, J.H., 1995. Phosphorus bioavailability. In: Ammerman, C.B., Baker, D.H., Lewis, A.J., (Eds), Bioavailability
of Nutrients for Animals. Academic Press, New York, pp.

Kulaev, I.S., Vagabov, V.M., Kulakovskaya, T.V., 1999.
New aspects of inorganic polyphosphate metabolism and

18

bioavailability of rumen bacterial and protozoal phosphorus
257–294.

Available
at:
/Popular.html

Tamminga, S., 1992. Feeding management for dairy cows as
a means to contribute to environmental pollution control.
Journal of Dairy Science 75,345–357.

http://www.

sasas.co.za

/Popular

Weltin, D., Hoffmeister, D., Dott, W., Kämpfer, P., 1996.
Studies on polyphosphate and poly-β-hydroxyalkanoate
accumulation in Acinetobacterjohnsonii 120 and some
other bacteria from activated sludge in batch and continuous culture.ActaBiotechnologica 16,91–102.

Van Soest, P.J., 1994. Nutitional Ecology of the Ruminant.
Second edition. Cornell University, Ithaca, New York.
Viljoen, J., 2003. Quality of feed phosphate supplements for
animal nutrition. South African Society of Animal Science.

Communicating editor: Mehdi Dehghan-banadaky

19

