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SUMMARY 

 

There are estimates that 80% of the finite inorganic phosphorus (90% utilized in food production) is 
wasted and contributes to eutrophication of our water sources. Research has demonstrated that by both 
reducing the amount of phosphorus in animal diets and increasing its bioavailability that phosphorus 
excretion by farm animals can be de decreased by >50%. A significant concern for the feed industry in 
Canada is that CFIA has directed minimum phosphorus levels in the feed. The consequence of this is 
that hundreds of tonnes of excessive phosphorus are being excreted and it discounts the incentive to 
industry to increase bioavailability of phosphorus and reduce inorganic phosphorus use. In fact, it forces 
the industry to be less sustainable. We have not found any reference to other countries defining the 
minimum phosphorus use in diets; however, we have found many references defining use of lower 
levels of phosphorus. 

 

 

REVIEW 

 

Phosphorus is one of the key elements in the food chain and essential to plants, microorganisms and 
animals.  In animals, phosphorus is found throughout the body; approximately 85% of the total 
phosphorus is in the skeleton. This store of phosphorus in the skeletal system provides a basis for the 
body to regulate phosphorous and long-term disruption of phosphorus intake will result in skeletal 
disease. Actual phosphorus requirements are dependent on species, age, level of production and 
environmental conditions (e.g., heat stress).  There are estimates that demand for phosphorus (90% is 
for food production) will surpass supply of known phosphate rock reserves in the near future (~2035; 
Cordell, 2010).  There has been a significant impact on availability and price of phosphorus due to the 
increase in biofuel production (conversion of grain into ethanol to supplement oil-based fuels) that has 
increased demands for fertilizer. As a consequence, the sources of phosphorus for the feed industry are 
directly impacted and four to eight -fold increases in phosphorus prices have been experienced over the 
last three years. 
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Dietary phosphorus that is not retained by the animal is excreted.  Manure from our animals is a 
valuable source of fertilizer but needs to be carefully managed to prevent it from entering water 
systems.  The amount of phosphorus in water is an environmental concern as this leads to 
eutrophication (“over fertilization of waterways”) and algae growth – defined typically as overt pollution.  
Cordell (2010) reported that approximately 80% of the phosphorus actually used in food production 
never actually is consumed by humans, and that a large percentage of this enters our waterways. 
Research such as Cordell’s indicates that there are significant system inefficiencies that require careful 
thought and examination of all aspects of phosphorus utilization. 

 

In livestock diet formulation, our goal is to balance nutrient (phosphorus) intake to meet the requirement 
of the animal, typically with a “safety margin”. In the case of phosphorus, the safety margin will depend 
on factors such as:  

• interactions between phosphorus and other nutrients;  

• variation in bioavailability of phosphorus from the diet (e.g., inorganic or available vs. phytate 
phosphorus);  

• variation in requirements of individual animals and;  

• mistakes in formulation and distribution of diets.   

 

These same factors are important in interpreting book values for nutrient requirements, these are 
estimates based on studies using small numbers of animals and many of the original studies were 
conducted with  commercial animals that do not resemble today’s high performing animals. Leeson 
(2007) indicated that nutrient requirements of today’s high performing animals must increase in order to 
meet requirements, particularly when less feed (improved feed efficiency) is actually being consumed 
per unit of gain or output (e.g. milk or eggs). However, in practice, diet formulations have not changed 
significantly; and in some instances as for phosphorus, genetic potential is achieved with significantly 
less dietary phosphorus than is recommended. Arguments based on book values are not valid for 
today’s animals; however, these values are effective guidelines to build databases using 
epidemiological (field and research trials) data.   
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The above has highlighted that there are three key dietary phosphorus issues facing the animal 
industry: 

Price of phosphorus input has increased dramatically and is predicted to remain high due to demand as 
well as recognition of future limits in supply. 

The efficiency of utilization of phosphorus in our food system is low and as a consequence, 80% of the 
phosphorus we use in food production is not consumed in food.   

Phosphorus losses in the food production system can cause serious water pollution (it is estimated that 
water demand for food production is or will shortly surpass potable water supply; Cordell, 2010). 

Augspurger and Baker (2008) indicated that a majority of all dietary supplements of phosphorus in the 
animal industry are used by swine and poultry, and poultry consume in excess of 50% of all 
supplemented inorganic phosphorus. Depending on the age and production rate, phosphorus 
requirements can vary from 0.25 to 0.60% in poultry and 0.15 to 0.55% in swine.  These requirements 
must be met with sources of phosphorus from the diet. Dietary phosphorus must be bioavailable and the 
animal must be capable of absorbing them, distributing them to where they are required and maintain 
that balance precisely. Otherwise, the excess phosphorus is excreted; and in the cases of some 
deficiencies of other nutrients, such as calcium, the redistribution of calcium from bone may actually 
exacerbate phosphorus excretion. 

The major portion of animal diet is based on grain and oilseed protein meals, and the bioavailability of 
phosphorus in these dietary components is low (approximately 2/3 of phosphorus is bound to phytate). 
Historically, diets were balanced for estimated phosphorus requirements by supplementing diets with 
mined phosphate sources (85 to 100% bioavailable phosphorus).  

There are three main dietary sources of rock phosphate:  

1. dicalcium phosphate (33% calcium: 18.5% phosphorus) used typically in swine and laying hen 
diets;  

2. deflorinated rock phosphate (33:18) mostly used in diets fed to meat poultry and as a pellet 
binder; and  

3. monocalcium phosphate (16:21) used for ruminants and often the phosphate of choice in pre-
mixes designed to provide phosphorus.   

 

On an industry wide basis, the sources of rock phosphate are respectively used are 40, 30 and 30% for 
dicalcium, deflorinated and monocalcium phosphate.  Other ingredients in the diet that can contribute 
high amounts of bioavailable phosphorus are meat and bone meal (may be variable due to variation in 
bone included) and dried distillers grains with solubles (DDGS; a consequence of fermentation during 
ethanol production releasing phytate phosphorus – similar to what happens in ruminants). Meat and 
bone meals from ruminants are prohibited in all diets in the EU; however, the destruction of this valuable 
nutrient source is being reconsidered.   
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Poulsen et al. (1999) estimated that excretion of phosphorus in pigs could vary from 50 to 70% of the 
phosphorus consumed as a consequence of low digestibility (retention) and/or over supplementation of 
the diets with phosphorus.  Similar dramatic reductions in phosphorus excretion have been reported in 
poultry based on both reductions in use of expensive inorganic phosphorus and better utilization of 
phytate phosphorus by using exogenous phytase (Selle and Ravindran, 2007).  There is also 
recognition that endogenous phytase from seeds can also contribute to increasing bioavailability of 
phosphorus in the diet; however, this source is variable and its bioactivity is reduced during typical 
processing conditions. 

In order to reduce the excretion of phosphorus in manure and reduce inputs of phosphorus (cost) the 
industry has developed applications of enzymes to hydrolyze phytate and increase bioavailability of 
phosphorus.  An international phytase summit was recently (October, 2010) held in Washington DC. 
One of the conference organizers (M Bedford, interviewed by FeedInfo) estimated that phytase saves 
the world feed industry $2B USD/yr and that this could be doubled by extending phytase applications.  
With respect to enzyme supplementation, phytase accounts for the majority of feed enzymes and its 
usage is expected to increase three-fold.  Phytase applications are also associated with reducing the 
antinutritional impact of phytate on other minerals (calcium, zinc, iron) as well as amino acids and 
starch. For an extensive discussion on the use of phytase in animal nutrition, the proceedings of the 
summit can be accessed at http://www.ips2010.com/. Selle and Ravindran (2007) estimate due to the 
short transit time and low exposure to optimum pH in the gut of broilers that phytase may only have time 
to hydrolyze approximately 1/3 of phytate phosphorus. As a consequence further research is being 
conducted to improve the release of phosphorus from phytate, particularly in poultry.  

Research on the use of phytase has highlighted that negative effects of phytase application can be 
extensive and costly (Coweison, 2010; personal communication). In order to avoid this, diets must be 
carefully formulated to provide optimal calcium: Phosphorus balance, correct levels of sodium and that 
assessments of dietary phytate would be beneficial. There is some controversy with respect to the 
health benefits of total elimination of phytate from our diets and the diets of our animals.  Phytate is 
considered a potent antioxidant and may be important sink for reactive oxygen (or nitrogen) species 
produced during oxidative stress. 

 Based on personal experience, as the global director of poultry research for Provimi (one of the world’s 
major suppliers of vitamin and mineral premixes and complete diets (estimate 7-8% of all domestic 
animals are fed diets containing Provimi products)), there are marked differences in nutritionists’ use of 
phosphorus. In 2008 we surveyed Provimi nutritionists from 30 countries and developed 
recommendations for adapting dietary phosphorus based on field and in-house research experiences 
and usage of enzymes. As expected, the Dutch nutritionists used the least amount of phosphorus - a 
direct consequence of years of compliance with strict regulations on manure applications to land.  

In comparison to CFIA minimum standards, the Dutch diets contained significantly lower phosphorus 
levels, particularly for swine. Based on Canadian broiler (600 M birds/yr), layer (19 M birds/yr) and 
grow/finish pigs (30 M animals /yr) stocks, the reductions in dietary phosphorus consumed when diets 
were formulated to contain different levels of phosphorus were calculated (Table 1).  



 What are the Consequences to Defining the Minimum Levels of Phosphorus in Animal Diets?   5 
 
 

The different levels of phosphorus were based on:  
 

• CFIA’s minimum total phosphorus for diets;  

• a typical Dutch diet without or with phytase; and  

• an estimate of what savings could be achieved if the CFIA levels were reduced by 0.1%.   

A 0.1% reduction in phosphorus is recognized as the minimum most nutritionists expect from phytase 
hydrolysis of phytate (Bedford, 2010; personal communication). It is evident that the Dutch are 
recognizing considerable reductions in dietary phosphorus compared to the CFIA minimum. This 
achievement is even more extensive in pigs as compared to laying hens or broilers.   

  

Table 1. Estimates of total dietary phosphorus consumed in diets if diets were formulated to meet 
CFIA's minimum P values, an estimate based on typical Dutch diets without or with phytase and the 
CFIA minimum value reduced by 0.1% (0.1 % is estimated as the expected contribution of P from diet 
through phytase activity). 

 

 Dietary Phosphorus Consumed (MT) based on different dietary 
requirements (MT P difference from CFIA Table 4 values) 

Animal Class CFIA Minimum 
P % 

Table 4, 
February 2010 

Typical Dutch 
diets 

Typical Dutch 
diets + Phytase 

CFIA Minimum 
+ Phytase 
(0.1%) 

Broilers 600M/yr 

2.2kg (4.0 kg feed) 

1008 860 

(148; 14.6%) 

834 

(174; 17.3%) 

768 

(240) 

Laying Hens 19M/yr 

0 to 72 wks of age (47kg diet) 

345 

 

268 

(57; 16.5%) 

275 

(70; 20.3%) 

259 

(86) 

Grow/Finish Pigs 30M/yr 

0 to 160kg (350kg diet) 

4137 1728 

(2408; 58.2%) 

1663 

(2474; 59.8%) 

3323 

(815) 

Total Phosphorus in above diets 5490 2856 2772 4350 

Percent reduction compared to 
CFIA minimum 

 48.0% 49.5% 20.8% 
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The phosphorus of Dutch diets for broilers, laying hens and grow/finisher pigs is less than that utilized in 
Canada.  Based on that example there are 148 MT less phosphorus used for the production of 600M 
broilers consuming 4.0kg feed each per year. This is equivalent to 14.6% less phosphorus if Dutch 
standards were applied (without phytase).  When phytase is used in typical Dutch diets the levels of 
phosphorus are further reduced (174 MT; 17.3% less than based on the minimum CFIA levels).   

 

The last column in Table 1 illustrates the expected phosphorus utilizations for the respective species if 
the CFIA minimum was removed and the industry was able to formulate for 0.1% less phosphorus.  In 
this case, there would be 240 MT less phosphorus used for broilers; 86 MT for layers and 815 MT less 
for grow / finish pigs in Canada. A 0.1% reduction in phosphorus is recognized as the minimum increase 
in bioavailability of phosphorus with phytase supplementation. This implies that before levels were 
reduced, at least this amount is being excreted (e.g., 240 MT for broilers; 86 MT for laying hens; and 
815 MT for pigs in Canada, Table 1) - unavailable to the animal or in excess of its requirement.  
Therefore, by removing this phosphorus minimum you would reduce the amount being excreted 
significantly. 

 

The contribution of phytase is not as significant in pigs as it is in poultry (in part due to longer transit time 
of the pig gut facilitating digestion of phytate from endogenous phytase and microbial fermentation). The 
microbial fermentation of phytate enables these animals to get more of their phosphorus from the diet. 
In Canada, if phytase was incorporated into broiler, hen and swine diets, and the minimum requirements 
of Table 4 were eliminated, a 20.8% reduction of total dietary phosphorus would be realized.  

 

To estimate the value for phytase supplementation, the average phytase has typically a matrix value of 
0.1 to 0.13% based on 500 FTU addition of exogenous phytase (personal communication (Bedford, 
2010 speaker at October 2010 International Phytase Summit). In some cases there are claims that 
higher levels of phytase supplementation can increase the availability of phosphorus by 0.17 to 0.20% 
of the diet. In recognition of this, the industry will apply higher levels of phytase (to reduce demand for 
expensive sources of inorganic phosphorus), but the release of phytate phosphorus with phytase is not 
linear (Remus, 2006). With high phosphorus prices it can be economical to “super supplement” with 
phytase to reduce levels of inorganic phosphorus. Based on costs of phosphorus alone, Bedford 
(personal communication) estimated that diet costs can be reduced by 3-4$ / MT diet with phytase 
supplementation (the cost of phytase supplementation is ~1$/MT). Canada produces an estimated 2.5 
MMT of broiler feed / year, phytase could reduce an equivalent of 5 to 7 M$ in phosphorus costs alone 
(if not held to the minimum addition rates listed in CFIA Table 4); similar figures for growing finishing 
pigs would be >20 M$. Reductions in total phosphorus by better managing available phosphorus will 
significantly reduce (e.g. 60 to 70%) phosphorus excretion. 

Points of concern regarding phosphorus use in livestock diets: 

Based on previous personal research experience to optimize phytase response, the diets typically have 
to be formulated to contain relatively low levels of available phosphorus so that the ‘without phytase’ 
diets are marginal or deficient in available phosphorus. With typical wheat and/or corn based diets 
(particularly if meat and bone meal protein supplements or DDGS are included) it is probably not 
possible to decrease total phosphorus levels below 0.40 to 0.45 for broilers; and the CFIA minimum is 
0.50 % total phosphorus. So, the above estimates of being able to reduce total phosphorus from the 
CFIA minimum (0.5%) by 0.1% may be excessive for poultry.   
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We have reasonably good indications that NIR (Near Infrared Reflectance) is capable of accurately 
estimating phosphorus of ingredients, diets and excreta (Scott, personal observation from Provimi who 
maintain >250 NIRs worldwide and have P calibrations of >20,000 diets). There are also peer 
publications indicating that NIR can also predict phytate.  Enzyme companies have worked hard to 
increase their capacity to conduct in vitro estimations of phytate level and optimum or required phytase 
activity.  In recognition of the economic and sustainability value of accurately predicting minimum levels 
of phosphorus in diets, should the feed industry and public research priority. In addition, processing can 
impact phosphorus and phytate levels as well as phytase activity. Understanding the contribution of 
processing to improve bioavailability of all nutrients, including those highlighted by CFIA in their Table 4, 
should be given appropriate research support.  

A total nutrient management program will recognize the level and value of phosphorus in manure and 
make appropriate applications that will reduce environmental pollution. 

It is fully recognized that the feed industry actively applies technology to improve their efficiency and the 
efficiency of the animal industry, the health and wellbeing of the animals we grow and for the safety of 
the food they produce.  This initiative is further recognition of the responsibility the industry takes for 
stewardship of the environment. 
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APPENDIX 

 

 

See attached excel sheet to review calculations and assumptions relating to dietary phosphorus 
reductions and phytase responses to reduce dietary phosphorus. 

References from CV that relate to phytase / phosphorus utilization by poultry. 
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Chicken Meat ‐ Pre‐starter  S 0.50 0.43 1.1 0.42 0.1 600,000,000              30 25.8 25.1 4.2 4.9 0.7 24 6 30 42,000$                350$         21,000,000$                    210,000$                 60,000$                    150,000$                
Chicken Meat ‐ Starter S 0.50 0.43 1.1 0.42 0.7 600,000,000              210 180.6 176.0 29.4 34.0 4.6 168 42 210 294,000$              300$         126,000,000$                  1,470,000$              420,000$                 1,050,000$             
Chicken Meat ‐ Grower G 0.40 0.38 1.1 0.37 1.4 600,000,000              336 319.2 310.0 16.8 26.0 9.2 252 84 420 588,000$              250$         210,000,000$                  2,940,000$              840,000$                 2,100,000$             
Chicken Meat ‐ Finisher G 0.40 0.31 1.1 0.30 1.8 600,000,000              432 334.8 322.9 97.2 109.1 11.9 324 108 540 756,000$              250$         270,000,000$                  3,780,000$              1,080,000$              2,700,000$             
Chicken Meat ‐ Total 4 1008 860.4 834 147.6 174.0 26.4 768 240 1200 1,680,000$           627,000,000$                  8,400,000$              2,400,000$              6,000,000$             
Layer ‐ Pullet 0‐8wk S 0.50 0.40 1.5 0.39 1.5 18,000,000                13.5 10.8 10.4 2.7 3.1 0.4 10.8 2.7 13.5 18,900$                280$         7,560,000$                      94,500$                    27,000$                    67,500$                   
Layer ‐ Pullet 8‐18wk G 0.40 0.35 1.5 0.34 10 18,000,000                72 63 60.3 9 11.7 2.7 54 18 90 126,000$              250$         45,000,000$                    630,000$                 180,000$                 450,000$                
Layer ‐ Pre‐Lay PL 0.40 0.35 1.5 0.34 1 18,000,000                7.2 6.3 6.0 0.9 1.2 0.3 5.4 1.8 9 12,600$                250$         4,500,000$                      63,000$                    18,000$                    45,000$                   
Laying  L 0.40 0.33 1.5 0.32 35 18,000,000                252 207.9 198.5 44.1 53.6 9.5 189 63 315 441,000$              220$         138,600,000$                  2,205,000$              630,000$                 1,575,000$             
Laying ‐ Total 47.5 344.7 288 275.175 56.7 69.5 12.8 259.2 85.5 427.5 598,500$              195,660,000$                  2,992,500$              855,000$                 2,137,500$             
Turkey ‐ PreStarter 0‐4wk PS 0.70 0.74 1.5 0.73 0.2 19,000,000                2.66 2.812 2.8 ‐0.152 ‐0.1 0.1 2.28 0.38 1.9 2,660$                  350$         1,330,000$                      13,300$                    3,800$                      9,500$                      
Turkey ‐ Starter 4‐8wk S 0.70 0.70 1.5 0.69 5 19,000,000                66.5 66.5 65.1 0 1.4 1.4 57 9.5 47.5 66,500$                325$         30,875,000$                    332,500$                 95,000$                    237,500$                
Turkey ‐ 8wk ‐ market G 0.40 0.40 1.5 0.39 25 19,000,000                190 190 182.9 0 7.1 7.1 142.5 47.5 237.5 332,500$              270$         128,250,000$                  1,662,500$              475,000$                 1,187,500$             
Turkey ‐ Total 30.2 259.16 259.312 250.705 ‐0.152 8.5 8.6 201.78 57.38 286.9 401,660$              356,115,000$                  5,000,800$              1,428,800$              3,572,000$             
Swine ‐ 1 to 10kg PS 0.60 0.37 0.8 0.36 2.5 30,000,000                45 27.75 27.2 17.25 17.9 0.6 37.5 7.5 37.5 52,500$                400$         30,000,000$                    262,500$                 75,000$                    187,500$                
Swine ‐ 20 to 20kg S 0.60 0.27 0.8 0.26 19 30,000,000                342 153.9 149.3 188.1 192.7 4.6 285 57 285 399,000$              300$         171,000,000$                  1,995,000$              570,000$                 1,425,000$             
Swine ‐ 20 to 60kg G 0.50 0.23 0.8 0.22 52 30,000,000                780 358.8 346.3 421.2 433.7 12.5 624 156 780 1,092,000$           250$         390,000,000$                  5,460,000$              1,560,000$              3,900,000$             
Swine ‐ 60 to 100kg F 0.50 0.20 0.8 0.19 198 30,000,000                2970 1188 1140.5 1782 1829.5 47.5 2376 594 2970 4,158,000$           220$         1,306,800,000$              20,790,000$            5,940,000$              14,850,000$           
Swine ‐ Toal 271.5 4137 1728.45 1663.29 2408.55 2473.7 65.2 3322.5 814.5 4072.5 5,701,500$           1,897,800,000$              28,507,500$            8,145,000$              20,362,500$           

Monogastric Total 353.2 5749 3136 3023 2613 2726 113 4551 1197 5987 8,381,660$           3,076,575,000$              44,900,800$            12,828,800$            32,072,000$           

Chicken Meat 1008 860.4 834
Laying birds 344.7 288 275.175
Turkeys 259.16 259.312 250.705
Pigs (Growing) 4137 1728.45 1663.29
Total 5748.86 3136.162 3023.17

Minimum Amounts of 
Phosphorus (%) used in 

diets.
Kg of P in Diet MT

If CFIA Min was decreased by 0.1%
P MT equivalent

 Estimates of value of phytase addition on improved 
efficiency, lower phosphorus (Bedford, personal 

communication, October 2010) 
Decrease in P MT


