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Abstract

Measures of ileal digestibility (ID) are used routinely as estimates of amino acid (AA) bio-availability in pig feed ingredients.
Values for ID may be expressed as apparent (AID), standardized (SID), or true (TID). Values for AID are calculated by deducting
the total ileal outflow of AA (the sum of endogenous losses (IAAend) and non-digested dietary AA) from dietary AA intake. The
IAAend may be separated into basal losses, which are not influenced by feed ingredient composition, and specific losses induced by
feed ingredient characteristics such as anti-nutritional factors and dietary fiber. If the AID values are corrected for total IAAend, then
values for TID are calculated. Lack of additivity of AID values in feed formulation may be overcome by correcting AID values for
basal IAAend only, which yields SID values. Until reliable procedures for the routine measurement of specific IAAend become
available, it is suggested that SID values are used for feed formulation. It is advisable that basal IAAend are measured in
digestibility experiments and that these losses are reported with SID values.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The assessment of the bio-availability of each of the
dietary amino acids (AA) is critical for evaluating the
nutritional value of pig feed ingredients and for
estimating AA requirements of pigs. Measures of ileal
digestibility (ID) of AA are used routinely as estimates
of AA bio-availability. However, in some instances ID
can over-estimate bio-availability of AA in pig feed
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ingredients. This applies in particular to heat treated feed
ingredients or when fermentation in the proximal part of
the GI tract (mouth to ileum) of pigs results in a net loss
of AA (Fuller, 2003). Ileal digestibility of AA can be
expressed as apparent (AID), true (TID), or standardized
(SID) ileal digestibility depending on which proportion
of the ileal AA outflow is included in the calculation.
There are advantages and disadvantages associated with
using each of these approaches, and it is important that
clear distinctions among the three approaches are made.
It is the objective of the current contribution to describe
differences among values for AID, TID, and SID in
order to bring clarity to terminology to characterize AA
availability in pig fed ingredients. More extensive
discussions of the various measures of AA availability
and digestibility in pig feed ingredients are presented by
Jansman et al. (2002), GFE (2005), and Stein et al.
(2006).

2. Sources of amino acids in ileal digesta

Values for ileal AA digestibility are calculated by
subtracting the quantity of an AA in ileal digesta
outflow from the quantity that is ingested by the animal
(Sauer and Ozimek, 1986). The ileal digesta contain
unabsorbed exogenous AA of dietary origin as well as
AA of endogenous origin that are usually referred to as
ileal endogenous AA losses (IAAend). These losses
represent endogenously synthesized proteins and other
AA containing compounds that are secreted into the
intestinal lumen of the pig and not digested and
reabsorbed prior to the distal ileum. The IAAend consist
of basal IAAend and specific IAAend. Therefore, the
three sources that are present in ileal digesta collected
from pigs are undigested dietary AA, basal IAAend, and
specific IAAend.

2.1. Undigested feed protein

It is recognized that differences in digestibility
among and within feed ingredients exist due to
variations in the quantities of unabsorbed dietary AA
that are collected in ileal digesta (Sauer and Ozimek,
1986). The total quantities of undigested dietary AA that
are collected in the ileal digesta are, therefore,
determined by the dietary protein source, and the
dietary inclusion level of this protein source.

No techniques are available to measure directly all
undigested dietary AA in ileal digesta. However, the
homoarginine technique may give a measure of the
quantities of undigested dietary Lys in ileal digesta
(Moughan and Rutherfurd, 1990). The isotope dilution
technique as applied by de Lange et al. (1992) may also
estimate the quantity of dietary Leu and a few other AA
that are present in the ileal digesta. In vitro digestibility
assays can, in principle, also provide estimates of the
amount of undigested dietary amino acids in ileal
digesta (Boisen and Fernández, 1995).

2.2. Basal endogenous losses

The basal IAAend represent the quantities of AA that
will be lost from the animal regardless of the diet that is
being fed. These animal induced losses are not
influenced by the feed ingredient composition per se,
but they are strongly influenced by the total dry matter
intake (DMI) of the animal (Boisen and Fernández,
1995; Hess and Sève, 1999; Moter and Stein, 2004) and,
for this reason, they are expressed in relation to DMI.
They may also be affected by the animal's physiological
state or by experimental conditions.

The basal IAAend may be measured using a N-free
diet, the regression method or the peptide alimentation
technique. All of these procedures have their advantages
and limitations and yield variable estimates of IAAend.
However, across a large number of experiments, mean
values for IAAend obtained with feeding N-free diets and
the regression method are relatively similar (10.5 and
12.0 g CP per kg DMI, respectively), but lower than the
value of 17.2 g CP per kg DMI obtained with the peptide
alimentation technique (Jansman et al., 2002). Based on
an in vitro technique, Boisen and Fernández (1995)
estimated basal endogenous losses to be 13.2 g protein
per kg DMI.

2.3. Specific endogenous losses

The specific IAAend represent the losses above the
basal IAAend that are induced by specific feed ingredient
characteristics, such as the concentration and type of
fiber or anti-nutritional factors. Primarily because of
metabolic costs associated with IAAend, attempts should
continue to characterize diet effects on these losses.
When feeding highly digestible purified proteins (i.e.,
casein or egg protein), the specific IAAend are minimal,
but if feed ingredients containing fibers or anti-
nutritional factors are fed, specific IAAend may contribute
more than 50% to the total IAAend.

No procedures are available for directly measuring
specific IAAend. However, total (specific plus basal)
IAAend for certain AA may be estimated using the
homo-arginine technique and the isotope dilution
technique. Specific IAAend can then be calculated by
subtracting the basal IAAend from the total IAAend. In
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addition, in vitro techniques may provide estimates of
IAAend for specific ingredients or complete diets, for
example as a function of in vitro determined ileal DM
digestibility (Boisen and Fernández, 1995).

3. Apparent ileal digestibility

The AID for a given AA is calculated by subtracting
the total ileal outflow of that AA from the quantity
ingested by the pig according to Eq. (1):

AIDð%Þ ¼ ½ðAA intake−ileal AA outflowÞ=AA intake�
� 100

ð1Þ

The word ‘apparent’ is used to reflect that both non-
digested dietary AA and IAAend contribute to the total
ileal outflow. Values for AID, therefore, represent the
net disappearance of AA from the digestive tract prior to
the distal ileum.

The major concern with the use of AID is that
values for AID obtained in individual feed ingredients
are not always additive in mixed diets (Stein et al.,
2005). This represents a major problem in practical
diet formulation, because additivity of values for
individual feed ingredients is essential for accurate
predictions of growth performance in pig production
systems. The main reason for this lack of additivity is
the non-linear relationship between dietary AA level
and observed AID, for example when varying the
inclusion level of a test feed ingredient in an N-free
basal diet (Fan et al., 1994). This lack of additivity can
be overcome partly by correcting ileal AA outflow for
basal IAAend that are induced by the N-free component
of the experimental diet that is used in digestibility
studies (CVB, 2004; INRA-AFZ-INAPG, 2004).

4. True ileal amino acid digestibility

Values for TID represent the proportion of dietary
AA that disappear from the digestive tract prior to the
distal ileum, and they do not include IAAend. TID are
calculated according to Eq. (2):

TIDð%Þ ¼ ½ðAA intake−ðileal AA outflow−total IAAendÞÞ=AA intake�
� 100

ð2Þ

Primarily because of the difficulty of accurately
measuring total IAAend, TID values for feed ingredi-
ents are rarely available. In addition, because total
IAAend are subtracted from the ileal outflow, values for
TID do not distinguish between feed ingredients that
induce different levels of specific IAAend. Therefore,
values for TID do not predict the quantities of AA that
are available for protein synthesis in an animal and
values for TID should not be used in practical diet
formulation, unless diet effects on specific IAAend are
considered as part of the animal AA requirements.

5. Standardized ileal digestibility

Values for SID are calculated as values for AID
except that the basal IAAend is subtracted from the ileal
outflow according to Eq. (3):

SIDð%Þ ¼ ½ðAA intake−ðileal AA outflow−basal IAAendÞÞ=AA intake�
� 100

ð3Þ

Because only the basal IAAend are subtracted from
the outflow, any components that are specific to the
feed ingredient are included in the calculation, thus,
values for SID distinguish between feed ingredients
inducing different levels of specific IAAend. Since
values for SID are additive in mixed diets (Stein et al.,
2005), the major disadvantages of AID and TID (i.e.,
lack of additivity and a need to explicitly represent
specific IAAend, respectively) are overcome if values
for SID are used in diet formulation. It should be
noted, however, that values for SID are influenced by
the estimate of basal IAAend, and therefore, also by the
level of feed intake. As a consequence, values for basal
IAAend and values for SID should be measured in the
same environment and in animals fed close to their
voluntary feed intake. In addition, when using SID
values in feed formulation, the basal endogenous loss
must be considered as part of the animals' AA
requirement.

6. Conclusions

Values for AID should not be used in practical diet
formulation because the first values are not always
additive in a mixed diet. Likewise, values for TID
should not be used in diet formulations unless specific
IAAend are measured and considered in the animal's AA
requirement. However, values for SID reflect both TID
and specific IAAend and are usually additive in mixed
diets. It is, therefore, recommended that values for SID
are used in diet formulations, but care should be taken
that basal IAAend are estimated properly and reflected in
dietary AA requirements. To further improve the
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estimation of AA availability from digestibility mea-
surements, future research should aim at estimating the
metabolic costs associated with both ileal and colonic
specific IAAend, enteric fermentation in the upper gut,
the chemical form in which AA are absorbed, and
further refinements of in vitro methods.
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