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FACT Sheet: Ingredient database management for 
swine: phosphorus

Fast facts
Defining available phosphorus (P) for ingredients is expensive 
and requires a growth assay and bone-sample collection. An 
alternative, standardized total tract digestible (STTD) P, is less 
expensive to perform since it requires only feed- and fecal-sam-
ple evaluation for P.

Formulating diets on an STTD P basis is more accurate than 
using total tract digestible P because STTD P accounts for bas-
al endogenous gastrointestinal tract losses. Thus, the STTD P  
is additive when combining different ingredients used for diet 
formulation.

Figure 1: Total, apparent digestible, and standardized 
digestible phosphorus (P) and their respective fractions.
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Phosphorus (P) is an inorganic element that is important for devel-
opment and maintenance of the skeletal system.1 Diets formulated 
with excess P can have a negative impact on the environment due 
to increased P excretion.2 This fact sheet will briefly explain the dif-
ferent ways that P can be expressed, how to assign a phosphorus (P) 
value to an ingredient, and the effects of naturally occurring phytase 
and diet form on P digestibility. Phosphorus can be expressed as to-
tal or bioavailable.

Total P
Total P represents all P that the ingredient contains, including the 
non-available P, which is mostly bound in phytic acid and represents 
60% to 75% of the total P in cereal grains and oilseed meals.1,3 A 
limitation to using total P in diet formulation is that it provides no 
information on the amount of P that is available to the pig. Thus, the 
diet can appear to be adequate for total P, but may not actually meet 
the pig’s requirement. Total P also does not place any value on exoge-
nous or endogenous phytase.

Bioavailable P
Bioavailable P is the proportion of P that can be absorbed and avail-
able for use or storage.4 The most common methods to estimate P 
bioavailability are the slope-ratio assay and digestibility experiments. 
The slope-ratio assay method theoretically estimates the digestible 
plus post-absorptive utilization of P at the tissue level and is known 
as available P (AvP), whereas digestibility experiments measure only 
digestible utilization, known as digestible P.5

Available P. In the slope-ratio assay method, linear regression is fit-
ted to the response criterion (eg, growth performance or bone ash) 
for each set of titrated diets (new versus inorganic standard ingre-
dient) and the slope of the equation from the ingredient is divided 
by the slope from the inorganic standard. The drawbacks of the 
slope-ratio assay method1,5 are mainly assumption that the inorganic 
standard is 100% bioavailable, thus it is important to use the same 
standard for all ingredients; dependence on the response criterion 
used (bone ash versus P retention); and relatively high cost to per-
form. As there are no inorganic P sources that are 100% bioavailable, 
it is important to note that the values obtained using this method-
ology are relative bioavailability of the reference ingredients rather 
than true bioavailability. Thus, diets formulated on an available P 
basis may overestimate the true P being utilized.

Digestible P. Digestible P can be expressed as apparent total tract 
digestible (ATTD) P or standardized total tract digestible (STTD) P. 
The difference between ATTD P and STTD P is that STTD P cor-
rects for basal endogenous P losses (Figure 1). The concept of STTD 
P is similar to the concept of standardized ileal digestible amino 
acids, because there is no net P absorption or secretion in the large 
intestine.1 The main drawback of the ATTD P method is that it un-
derestimates the true amount of digestible P, because it does not ac-
count for basal endogenous losses. Basal endogenous losses account 

for approximately 25.6% of the animal’s daily P requirement;5 there-
fore, expressing P on an STTD basis is more accurate than expressing 
it on an ATTD basis. After correcting for basal endogenous losses, 
STTD is additive for diet formulation, resulting in a more appropri-
ate estimation of the digestible P concentration in the diet.

How to assign P diet formulation values to a 
new ingredient
To assign or update a P ingredient value, two steps are needed.

Analyze the ingredient samples for total P. This step is simple and 
low cost and requires only a total P analysis of the ingredient.

Assign a digestibility value. Different databases in the literature 
express P on different bases (Table 1). One approach is to search for 
information in the scientific literature for estimates of a P digestibili-
ty. If the unknown new ingredient has similar characteristics, such as 
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Table 1: Comparison of phosphorus availability and digestibility percentages from different sources

NRC (1998)6 NRC (2012)1 EvaPig7

Ingredient Availability (%) ATTD (%) STTD (%) ATTD (%)
Corn 14 26 34 28
Soybean meal 23 39 48 32

ATTD = apparent total tract digestibility; STTD = standardized total tract digestibility.

processing method or amount of phytate, this would be a reasonable 
starting point. Thus, for an unknown new ingredient, unless a digest-
ibility trial is conducted, the nutritionist should use values from the 
most similar ingredient listed in published information. Another op-
tion would be to use the chemical analysis provided by the supplier. 
Finally, if no reference ingredient is available, one software program 
uses a default apparent P digestibility value of 20%.7 

What is the impact of naturally occurring 
phytase and diet form on P digestibility?
Naturally occurring phytase (also known as endogenous dietary 
phytase) influences the P digestibility of some ingredients, such as 
wheat and wheat by-products.1,6 However, pelleting can inactivate 
the naturally occurring phytase in these ingredients.1,6 For example, 
apparent P digestibility in wheat middlings is 50% in mash diets, but 
only 25% in pelleted diets. Naturally occurring phytase is assumed 
to have an additive effect with exogenous phytase.6 In pelleted di-
ets, only exogenous phytase contributes to P release, assuming the 
exogenous phytase is heat stable or applied post pelleting.6 EvaPig 
accounts for naturally occurring phytase and the impact of diet form 
on P digestibility.7 Even though NRC (2012)1 acknowledges the 
effects of naturally occurring phytase in wheat and its by-products 
and the negative effects of pelleting on endogenous dietary phytase, 
no adjustments are made in the ingredient values of NRC to account 
for these factors. Brief reviews about phytase and comparing differ-
ent sources have been provided previously.8,9
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