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Considerations for improving dietary amino acid utilization in 
pigs 
c. M. (Martin) Nyachoti, Ph.D. 
Department of Animal Science, University of Manitoba, Winnipeg, Manitoba, Canada R3T 2N2. 

Introduction 

In commercial feed formulation, many different feedstuffs 
are included in diets for swine for the purpose of supply
ing essential amino acids (AA) and other nutrients. These 
feedstuffs include cereal grains (e.g., corn, barley, and 
wheat); vegetable protein sources (e.g., soybean meal, 
canol a meal, and peas); and animal protein by-products 
including fish meal, meat and bone meal, meat meal, blood 
meal, and spray dried animal plasma. Because protein 
sources are usually the most expensive component of a 
swine diet, it is economically important to optimize their 
use. Furthermore, utilization of dietary AA also needs to 
be optimized to maintain pork quality and to reduce ni
trogen excretion into the environment; the latter is a ma
jor factor limiting sustainable pork production in various 
parts of the world. For these and other reasons, supplying 
adequate levels of dietary AA in proportions that will 
optimize pig performance is a key aspect of formulating 
swine diets. To do this, AA digestibilities determined at 
the ileal level as opposed to fecal level must be used. 
Amino acid digestibilities determined with the ileal analy
sis method provide a more representative reflection of 
AA uptake than the fecal analysis method (Sauer and 
Ozimek, 1986). Ileal amino acid digestibility coefficients 
can be apparent, standardized, true, or real and it is im
portant to understand the meaning of these terms. 

Various factors related to the diet, environmental condi
tions, and the animal itself can influence the efficiency of 
utilizing dietary AA for body protein deposition. Dietary 
factors known to intluenceAA digestibilities include pro
cessing, heat treatment, fiber content and type, suscepti
bility of proteins to digestion, and the presence of anti
nutritional compounds (e.g., Wiseman et aI., 1991; 
Jansman et aI., 1995; Fan et a!., 1996). The digestible 
supply of AA in a feedstuff determines how diets will be 
formulated as well as the levels of essential AA that need 
to be supplemented to meet the AA requirements of the 
type of swine being fed (NRC, 1998). There are exten
sive table values available for apparentAA digestibilities 
(e.g., Sauer and Ozimek, 1986; Southern, 1991; NRC, 
1998) and some true AA digestibility values have been 
published (Southern, 1991; NRC, 1998). In addition, stan
dardized ileal AA digestibility values are now available 
(Rademacher et aI., 1999) and these have been summa-
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rized on compact disk (AmiPig, 2000). In this paper, the 
impact of dietary factors on the efficiency of dietary AA 
utilization is emphasized, but first some aspects of AA 
supply in swine diets are discussed. 

Which ileal amino acid digestibility 
coefficient to use in practical feed 
formulation? 

Ileal AA digestibilities are used to determine the digest
ible supply of AA in pig diets. There are several terms 
relating to AA digestibility, including apparent, true, real, 
and standardized digestibilities. These are defined below. 
For detailed mathematical formulas for calculating 
digestibilities and related techniques, please refer to Fan 
and Sauer (1995), Gabert et al. (1997), Nyachoti et aI. 
(1997 a, b), and Rademacher et aI. (1999). 

First, it is important tb note that, ideally, available amino 
acid content should be determined and used in feed for
mulation. Availability of nutrients is defined as the por
tion of ingested nutrients that is absorbed from the diges
tive tract in a form that renders them available for 
metabolism by the animal (Sauer and Ozimek, 1986). 
Because it is expensive and time consuming to routinely 
measure AA availabilities, these coefficients are of little 
practical value for routine feed formulation. Instead, ap
parent ileal amino acid digestibilities are usually deter
mined and used as reasonable estimates of AA availabili
ties (Sauer and Ozimek, 1986). 

Apparent ileal amino acid digestibilities 
In conventional digestibility studies, it is not possible to 
distinguish between non-digested dietary AA and non
reabsorbed endogenous AA in ileal digesta or in feces. 
The obtained digestibility values are therefore referred to 
as apparent digestibilities. Apparent ileal digestibilities 
of AA are confounded by AA in ileal digesta that do not 
originate from the diet [i.e., endogenous AA, which are 
both animal and bacterial in nature (Boisen and Moughan, 
1986; Nyachoti et aI., 1997a)]. The main limitation of 
apparent ileal AA digestibilities is that they will always 
underestimate AA availability in feedstuffs and are influ
enced by digestibility assay conditions (e.g., protein level 
of test diet (Moughan, 200 I). Furthermore, apparent ileal 
AA are not always additive among feed ingredients, which 
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limits the ability to accurately formulate swine diets the standardized AA digestibility values (Rademacher et 
(Imbeah et aI., 1988; Nyachoti et aI., 1997b). al.,1999): 

True ileal amino acid digestibilities 
True ileal digestibilities are determined by correcting ap
parent ileal AA digestibilities for the level of endogenous 
AA in ileal digesta. There are many different approaches 
that can be used to measure the level of endogenous AA. 
These include the following: 

• Feeding a protein free diet 

• Feeding a diet containing enzymatically-hydrolyzed 
casein 

• Feeding a low protein casein diet 

• Using the regression method 

• Using the homoarginine method (Low, J 982; 
Hagemeister and Erbersdobler, 1985; Butts et aI., 
1991; Schmitz et aI., 1991; Moughan et aI., J 992b; 
Fan et aI., 1995; Gabert et aI., 1997) 

These are discussed further below. True ileal AA 
digestibilities are not influenced by the level of inclusion 
of a given feedstuff in the diet during digestibility assays 
and, unlike apparent digestibilities, are additive in a mix
ture of feed ingredients (Nyachoti et aI., 1997a,b; Table 
1). For this reasons, true ileal AA digestibilities should be 
determined and used in feed formulation in order to 
achieve increased efficiencies in pig production (NRC, 
1998; Moughan, 2001). 

Real ileal amino acid digestibilities 
Real ileal AA digestibilities are determined by correcting 
apparent ileal AA digestibilities for endogenous AA us
ing an isotope dilution technique, in which either the pig 
or diet is labeled with stable or radioactive tracers to fa
cilitate distinction between endogenous and non-digested 
dietary AA. (Souffrant et aI., 1986; Moughan et aI., 1992a; 
Arentson and Zimmerman, 1995; Leterme et aI., 1996; 
Gabert et aI., 1997; Lien et aI., 1997b,c). Oigestibilities 
determined this way are termed "real" because isotope 
dilution technique allows quantification of all the endog
enous AA (basal + extra) associated with a particular 
feedstuff (Moughan, 200 J). 

Standardized ileal amino acid digestibilities 
Standardized ileal AA digestibilities are calculated by 
correcting apparent digestibilities for minimum endog
enous AA losses using an averaged flow [g/kg dry matter 
intake (OMI)] of endogenous AA (Rademacher et al., 
1999; AmiPig, 2000). The endogenous AA flows used 
were calculated from experiments that used five different 
methods to estimate minimum (or basal) endogenous AA 
losses (no effects offiber or anti-nutritional compounds). 
The following flows (g/kg OMI) were used to generate 
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• Lysine, 0.40 

• Threonine, 0.61 

• Methionine, 0.11 

• Tryptophan, 0.14 

• Valine, 0.54 

Standardized ileal AA are adequate for practical feed for
mulation when using ingredients that do not induce addi
tional endogenous AA secretions. However, for those 
feedstuffs that induce additional endogenous AA losses 
(e.g., those that contain ANFs), these coefficients may be 
inadequate for accurate feed formulation. 

Nutritional significance of quantifying 
endogenous amino acid losses 

Quantification of endogenous AA is necessary in order to 
obtain true ileal AA digestibilities. As indicated previously, 
true ileal digestibilities of AA indicate the amount of AA 
actually released from dietary protein and absorbed by 
the small intestine. True digestibilities of AA accurately 
reflect how well a protein source was digested. The de
termination of true digestibilities allows factors that af
fect protein digestion to be studied. There is now more 
interest in defining AA requirements on a true digestible 
basis (NRC, J 998). In order to obtain true digestibilities, 
estimates of endogenous AA in ileal digesta are needed 
to remove the endogenous contribution of AA. There are 
several approaches that can be used to estimate endog
enous AA losses in ileal digesta. Each one has positive 
and negative attributes that must be taken into consider
ation before it is used. However, there are only two ap
proaches that can be used to directly measure endogenous 
AA losses when commercial-type diets are fed. These two 
approaches are known as the isotope dilution technique 
and the homoarginine method. When the other approaches 
are used, the values obtained for endogenous AA are as
sumed to represent endogenous AA losses in pigs fed com
mercial-type diets. 

Endogenous AA are both animal and bacterial in nature 
and originate from pancreatic enzymes, mucin, bacterial 
protein, and AA from sloughed epithelial cells (Souffrant, 
1991). Amino acids, either as free AA, in peptides, or 
endogenous protein, that are not reabsorbed before reach
ing the distal ileum and collected in ileal digesta are re
ferred to as endogenous AA. When measured, these AA 
are referred to as endogenous AA losses because there is 
no AA absorption from the cecum and large intestine in 
the pig (Zebrowska, 1973; Just et al., 1981; Nyachoti et 
aI., 1997a; Nyachoti et al., 2000). The following is a brief 
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description of the various techniques that have been used 
to quantify endogenous AA losses in pigs: 

Protein-free diets 
As the term implies, this technique involves determining 
the output of AA in ileal digesta from pigs fed protein
free diets (Nyachoti et a!., 1997a; Hess and Seve, 1999). 
However, this method is often criticized because the pig 
is in a catabolic state (Skilton et a!., 1988). In addition, 
when a protein-free diet is fed, pancreatic and other di
gestive secretions are reduced and intestinal function may 
be compromised due to the absence of dietary AA in the 
intestinal lumen (Skilton et a!., 1988; Brannon, 1990; Butts 
et a!., 1991). Therefore, when protein-free diets are fed, 
endogenous AA losses at the terminal ileum are underes
timated (Table 2). 

Enzymatically hydrolyzed casein method 
This method involves feeding pigs diets containing enzy
matically-hydrolyzed casein (EHC), which has a very high 
digestibility, as the sole source of dietary protein 
(Moughan et a!., 1992b). The technique involves the col
lection of ileal digesta, and the major assumption is that 
the feeding ofEHC stimulates a representative amount of 
endogenous secretions and that peptides and proteins in 
excess of 10,000 daltons represent endogenous protein 
secretions (Moughan et a!., 1992b; Butts et a!., 1993; 
Donkoh and Moughan, 1999). A major limitation of the 
EHC method is that it can be used only with semi-puri
fied diets that contain EHC. It can be used to investigate 
the effects of specific factors that affect endogenous se
cretions, such as fiber, tannins, trypsin inhibitors, and 
lectins. However, the EHC method cannot be used to 
evaluate the effect of feeding practical diets (for example, 
diets containing soybean meals processed to different 
extents or soybean meal containing different levels of fi
ber) on endogenous AA losses. 

Low-protein casein diets 
Diets containing low levels of protein (4% CP from casein) 
can be used to supply some AA to the pig to attempt to 
maintain a more normal physiological state as opposed to 
feeding a protein-free diet. Recent data show that this 
approach provides similar estimates to those reported in 
the literature (Albin, 2000). Synthetic amino acids can 
also be used for the same purpose but it is important to 
note that the validity of this approach is questionable un
til it is fully proven that the true digestibility of casein 
and synthetic amino acids is indeed 100% (Nyachoti et 
a!., 1997a). 

Regression method 
Another method that can be used to estimate endogenous 
AA losses is known as the regression method. Linear re
lationships between several dietary levels of AA and the 
amount digested is used to predict the endogenous ileal 

242 

output of AA at zero AA intake (Taverner et a!., 1981; 
Low, 1982). The regression method assumes that endog
enous AA losses are constant over several different inclu
sion levels of different ingredients, and that extrapola
tion to zero AA intake accurately predicts the level of 
endogenous AA (Table 2). Whether or not the regression 
method underestimates endogenous AA losses remains 
to be further investigated (Table 2). The regression method 
can be easily used to estimate endogenous ileal AA flow 
when commercial-type diets are fed as long as the diets 
are formulated to have increasing levels of CPO 

Isotope dilution technique 
The isotope dilution technique (lOT) involves labeling 
AA in the pig with or diet with 15N. (Souffrant et a!., 
1986; Leterme et a!., 1996). For example, if a pig is la
beled by a long infusion of 15N-leucine so that a large 
amount of transamination occurs and several AA become 
enriched with 15N, the amounts of endogenous CP and 
AA are determined by dividing the 15N-enrichment in an 
AA in digesta by that in the same AA in the trichloroace
tic acid-soluble fraction of blood plasma (Gabert et a!., 
1997; Lien et a!., 1997b,c). This ratio is multiplied by the 
amount of the AA in ileal digesta (Gabert et a!., 1997). 
Alternatively, the enrichment in one AA, such as leucine, 
can be used and the amounts of the other endogenous AA 
can be determined if a constant composition of endog
enous protein is assumed (de Lange et a!., 1990; Gabert 
et a!., 1997). The 15N lOT can be readily used to esti
mate endogenous AA losses in commercial-type diets, 
which is the major advantage of this approach (Gabert et 
a!., 1997; Lien et a!., 1997b,c). However, this technique 
is not commonly used because of the cost of purchasing 
large quantities of 15N-leucine and the intensive nature 
of these studies. In addition, accurate measurement of iso
topic enrichment in individual AA needs to be done for 
this approach to be used successfully. 

Homoarginine method 
The homoarginine (HA) method is used to discriminate 
endogenous lysine from undigested dietary lysine in ileal 
digesta. The HA method involves the chemical conver
sion of protein bound-lysine in a guanidination reaction 
with O-methylisourea to HA, an AA that is not found in 
animal or plant proteins (Hagemeister and Erbersdobler, 
1985). The usefulness of the HA method for directly de
termining true ileal AA digestibilities has been demon
strated in several recent studies (Schmitz et a!., 1991; 
Marty et. a!., 1994; Nyachoti et a!., 1997b; Caine et. a!., 
1998; McNeilage et a!., 2000). Unlike the use of protein
free diets, low-protein casein diets or diets containing 
EHC, the HA method has proved useful in estimating true 
ileal AA digestibilities in commercial-type diets. In addi
tion, true digestibilities of amino acids measured using 
the homoarginine method have been shown to be addi
tive (Table 1). Conditions for conducting the 
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Table 1: Observed and calculated apparent and true ileal amino acid digestibilities in barley-canola meal
based diet fed to growing pigs.l 

Amino acid Observed Calculated Observed Calculated 
Apparent Apparent True2 True2 

Lysine 63.6a 

Threonine 67.7 
Valine 72.1a 

1 Adapted from Nyachoti et al. (1997b). 
2Determined with homoarginine technique. 

59b 85.6 85.8 
62.9 96.6 97.5 
65.7b 96A 93.1 

a'bMeans within a row and digestibility coefficient with different superscript letters differ (P < 0.05). 

Table 2: Endogenous amino acid flows, g/kg dry matter intake, at the terminal ileum of growing pigs 
estimated using the enzymatically hydrolyzed casein method, feeding a protein free diet or the regression 

method.a 

Amino acid EHCb PFb REGb 

LysineC OA6d 0.2r 0.26 
Threoninec 0.88d OAr OA6 
Methioninec 0.24d 0.10e 0.09 

aAdapted from Donkoh and Moughan (1999). 
bWhere EHC refers to the enzymatically hydrolyzed casein method; PF refers to feeding a protein free diet; 
and REG refers to the regression method. 
c,d'eComparing EHC and PF, means within a row with different superscript letters differ (P < 0.05). 

Table 3: Apparent ileal digestibilities of selected nutrients in pigs fed a barley-canola meal-based diet with 
or without guanidinated proteins.a 

Item Non
Guanidinated 

Guanidinated 

Dry matter 
Crude protein 
Lysine 
Threonine 
Valine 

aAdapted from Nyachoti et al. (2001) 

57.7 
68.8 
73.9 
68.8 
73.0 

56A 
68.0 
74.5 
65.7 
73.7 

guanidination reaction have been investigated and opti- Factors influencing amino acid 
mized (Rutherfurd and Moughan, 1990; Imbeah et al., utilization in pigs 
1996; Nyachoti et a!., 1997b; McNeilage et a!., 2000). ----------------

It has been assumed that the HA-Iabeling process does 
not affect the digestion of the labeled diet. We have re
cently shown this to be the case by comparing apparent 
ileal digestibilities of AA in non-guanidinated and in 
guanidinated barley and canola meal-based diets fed to 
growing pigs (Nyachoti et a!., 200 I; Table 3) and similar 
observations have been made in pOUltry (Ravindran et a!., 
1998). These results support the use of the HA method to 
determine true AA digestibilities in pig feed ingredients. 
A procedure for preparing large batches of guanidinated 
feedstuffs was described by Imbeah et a!. (1996). 
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Various factors can influence AA utilization for body pro
tein deposition in pigs. Such factors as environmental 
conditions, social conditions, animal health, and pig geno
type are important but are only discussed briefly in this 
paper. Dietary factors that do influence the efficiency of 
amino acid utilization in pigs, mainly via increased en
dogenous gut AA losses are, however, discussed in detail 
below. These factors which influence secretion and/or re
absorption of endogenous nitrogen include diet protein 
quality and content, diet fiber content, dry matter intake, 
and the presence of anti-nutritive factors (ANFs). Table 
4 gives some selected values reported on the amount of 
ileal endogenous AA and nitrogen flow as affected by 
some of these factors. 
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Table 4: The effect of various ant-nutritive factors on ileal endogenous amino acids (only those measured 
in all studies) and nitrogen flow.B 

Factor Amino acids Nitrogen Reference 

Pectin 
o g/kg 15.26 3.17 De Lange et 
40 g/kg 18.80 3.84 al. (1989) 

Trypsin inhibitors 
9.5 3.54 Marty et al. 
14.9 5.82 (1994) 

Cellulose 
60 g/kg 4.52 1.14 Green et al. 
90 g/kg 6.08 1.58 (1987) 

aDifferent methods were used for estimating endogenous AA and nitrogen flow in different studies. 

Table 5: Effect of functional soybean lectins on protein flow at the terminal ileum and apparent ileal protein 
digestibility in soybean meal (S8M, 44% CP) fed to pigs.B 

Functional lectins 
(mg/g SSM) 

Change in ileal flow of 
protein (g/kg S8M) 

Effect on apparent ileal 
protein digestibility (%) 

0.1 
0.5 
1.0 

1.3 
6.5 
13.0 

-0.3 
-1.5 
-3.0 

aAdapted from Huisman et al. (1998). Effect of lectins on endogenous ileal protein is assumed to be linear. 

Anti-nutritional factors (ANFs) 
Feedstuffs commonly used in swine feeds contain factors 
that interfere with nutrient digestion and utilization. These 
factors, commonly referred to as anti-nutritional factors 
(ANFs), can reduce growth, feed efficiency, and also af
fect animal health. The main ANFs that interfere with di
gestion and absorption are lectins, protease inhibitors, 
tannins, antigenic protein, phytic acid, glucossinolates, 
and gossypol. For a complete review on the effect of these 
factors, please refer to de Lange et al. (2000). ANFs gen
erally interfere with protein digestion and utilization by 
either binding endogenous enzymes or by stimulating high 
levels of endogenous gut protein losses (ENL) (Barth et 
aI., 1993; Schulze, 1994; J ansman et aI., 1995). For in
stance, Schulze et al. (1995) demonstrated that adding 
purified soybean lectins in pig diets increased endogenous 
gut nitrogen losses which is associated with decreased 
apparent ileal protein digestibility (Huisman et aI., 1998, 
Table 5). ANFs increase the amount of ENL either by 
enhancing endogenous secretions andlor by decreasing 
degradation and re-absorption of endogenous nitrogen. It 
has not been clearly established as to which of these two 
is more important. Nonetheless, it is clear from the litera
ture that the effect of ANFs on ENL and true Nand AA 
digestibilities can be substantial, particularly at low di
etary protein level and, therefore, should be considered 
(Tamminga et aI., 1995). 
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Dietary fiber a"d quality 
Although dietary fiber refers to a wide range of chemical 
components with unique physical properties and physi
ological effects (Graham et aI., J 991), many studies have 
demonstrated that it influences ENL in the gut of mono
gastric animals. De Lange et al. (1989) and Taverner et 
al. (1981) have both measured increased recovery of en
dogenous AA at the terminal ileum of pigs fed protein
free diets and increasing amounts of specific dietary fi
bers. In the study by de Lange et al. (1989), the effect of 
purified pectin on ENL was much larger than that of puri
fied cellulose in pigs fed protein-free diets. This indicates 
that different fibers have different effects on ENL. How
ever, it is poorly understood as to how fibrous compo
nents of the diet act to enhance ENL. Evidence that di
etary fiber, and, in particular, non-starch polysaccharides 
(NSPs), do interfere with the post-absorptive efficiency 
of AA utilization in pigs has recently become available 
(Grala, 1998). 

Recently, Zhu and de Lange (200 I) have shown that feed
ing growing pigs diets with increasing levels of pectin, a 
soluble NSP, not only reduces apparent digestibilities of 
AA but also interferes with the post-absorptive eHiciency 
of AA utilization for body protein deposition (Table 6). 
NSPs, due to their bulking effect, are likely to hinder ef
fective interaction between endogenous enzymes and di
etary substrates and may also reduce the uptake of prod
ucts of digestion from the gut lumen. Moreover, NSPs 
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Table 6: Effect of dietary pectin level (% of diet) on some aspects of lysine utilization in growing pigs.l 

Parameter 0 
Intake (g/d) 7.3 
Digestibility (%)2 92.2a 
Retained (g/d)3 5.9a 

1 Adapted from Zhu and de Lange (2001). 
2 Determined with the ileal digestibility assay. 
3Determine with nitrogen balance technique. 

4 8 12 

7.3 7.3 7.3 
88.9b 86.8bC 85.6c 

5.rb 5.rb 5.5b 

abcMeans within a row with different superscript letters differ (P < 0.05). 

may increase endogenous gut nitrogen losses and may 
exert a metabolic cost associated with microbial fermen
tation in the upper gut. The implication of this finding is 
particularly important with respect to threonine, an es
sential AA that makes a significant proportion of endog
enous gut protein (Nyachoti et aI., 1997a). It is evident 
that we need to explore means of inactivating ANFs that 
interfere with digestion and utilization of dietary AA as a 
means of optimizing dietary AA utilization in pigs. Such 
means could include processing methods (e.g., heat treat
ment methods such as extrusion) and enzyme supplemen
tation. Furthermore, there is a need for a better under
standing of the mechanisms by which ANFs impact the 
efficiency of dietary AA utilization for body protein 
deposition. 

Dietary protein quality and quantity 
It has been amply demonstrated that the amount of en
dogenous nitrogen secreted into the gut lumen increases 
substantially with increasing dietary protein levels (e.g .. 
Snook and Meyer, 1964; Ikegemi et aI., 1975; Percival 
and Schneeman, 1979; Moughan and RutheIiord, 1990; 
Bergner et aI., 1994). Both protein and peptides are po
tent stimulants of endogenous secretion in the gut 
(Schneeman, 1982; Darragh et aI., 1990; Butts et aI., 1993) 
and the quantities of secretion vary with protein quality, 
i.e., the true protein digestibility. In general the presence 
of exogenous protein in the gut appears to slow down the 
breakdown of endogenous protein (Snook and Meyer, 
1964) although this alone may not explain the observed 
increase in ileal endogenous protein content. It is pos
sible that dietary proteins both stimulate endogenous pro
tein secretion and reduce degradation and absorption of 
endogenous protein. According to Percival and 
Schneeman (1979) and Ikegemi et al. (1975), substantial 
quantities of digestive enzymes may accumulate in the 
gut due to a low rate of breakdown rather than stimula
tion of secretion when poor quality protein is fed. This, in 
turn, will increase ENL and therefore compromise AA 
utilization efficiency. 

Stress-related factors and amino acid utilization 
Various stress-related factors are known to affect pig 
growth and the efficiency of feed utilization. Many of 
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these factors, including environmental conditions (tem
perature, humidity, etc.), social (space allocation, group 
size, etc.), and immunological challenge (disease, patho
gen load, etc.) have been found to decrease voluntary feed 
intake, growth rates, and feed efficiency (Revel and Will
iam, 1993; Williams et aI., 1997; Edmonds et aI., 1998; 
Zijlstra et aI., 2000). The efficiency of utilizing dietary 
nutrients such as AA for body protein deposition is nega
tively impacted by these factors, which then means that 
we need to better understand their effects and modes of 
action in order to develop optimal management and nu
tritional strategies (Williams, 1998). This is important 
because the AA requirements of pigs subjected to various 
stressors are different from those of pigs raised in a stress
free environment (Brumm and Miller, 1996; Williams et 
aI., 1997; Table 7). In general, AArequirements of stressed 
pigs are lower because of the reduced protein deposition 
rate. Another important reason why stressors should be 
considered in swine nutrition and management is that they 
do impact the portioning of dietary nutrients into differ
ent body components. For instance, disease causes a shift 
in the portioning of dietary nutrients away from lean tis
sue accretion towards metabolic processes that support 
the immune system and also accelerate muscle protein 
catabolism (Williams, 1998; Reeds et al., 1994). This is 
obviously undesirable because lean tissue content is the 
main determinant of the economic value of pig carcasses. 

Practical means to enhance dietary 
amino acid utilization in pigs 

From the foregoing discussion, it is evident that there are 
various factors that can influence the efficiency with which 
pigs utilize dietary AA for body protein deposition. It is 
therefore important that these factors are well character
ized and that we understand how they act to influence AA 
utilization. In generaL dietary AA supply and utilization 
in pigs can be optimized by the following: 

• Accurate characterization of AA availabilities in pig 
feed ingredients 

• Understanding how specific dietary components in
fluence dietary AA utilization and how these can be 
manipulated 
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Table 7: The effect of immune system activation and dietary lysine concentration on performance and 
carcass characteristics of growing-finishing pigs.a 

Immune System PigBW Dietary Iysineb (g/kg) 

Activation (kg) 6 9 12 15 18 
4.5 6 7.5 9 10.5 

Daily gain (g/d) 

Low 6-112 614 799 864 850 857 

High 503 705 720 707 688 

Gain:Feed 

Low 6-112 0.29 0.32 0.36 0.35 0.35 

High 0.26 0.32 0.31 0.32 0.30 

Muscle contenf (kg) 

Low 112 34.8 39.6 43.2 45.3 44.3 

High 36.5 39.5 42.0 42.4 42.2 

Fatty tissuec (kg) 

Low 112 32.4 28.4 23.1 20.1 22.6 

High 30.8 28.0 23.8 23.7 24.1 

aAdapted from Williams, 1998; high immune system activation was achieved by maintaining pigs in a 
continuous flow facility with a shared air space with other pigs. 
bLysine levels fed from 6 to 27 kg (upper row) and 27 to 112 kg (lower row). 
cDissected amounts. 

• Formulation of pig diets on the basis of true ileal di
gestible AA 

• Characterization of AA requirements of the main com
mercial pig genotypes 

• Maintaining pigs in stress-free envjronments 

These strategies will allow dietary AA supply to be closely 
matched with animal requirements, which offers a simple 
means to improve dietary AA utilization in pigs. 

Conclusions 

Ileal digestibilities of AA in feedstuffs used in diets for 
swine are likely the most important determinants of AA 
utilization. When the ileal analysis method is used, as 
opposed to the fecal analyses method, to measure AA 
digestibilities, the modifying effects of bacterial metabo
lism on AA in the cecum and large intestine are avoided. 
Ileal AA digestibilities can be defined in many ways, in
cluding apparent, true, real or standardized digestibilities. 
Practically, however, either the AA digestibility value is 
an apparent value in which the endogenous contribution 
is not taken into consideration, or it is an estimate of true 
digestibility. For the purpose of diet formulation, true il
eal AA coefficients should be used as these are indepen
dent of assay conditions, relatively easy to determine, and 
are generally additive in a mixture of feed ingredients. 
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In order to determine true ileal AA digestibilities, an ac
curate estimate of endogenous ileal AA losses is needed. 
Several approaches can be used to estimate endogenous 
ileal AA flows, each one has several advantages and dis
advantages and there is no one ideal method of choice. 
The use of protein free diets should be avoided due to the 
effects of not supplying AA via the lumen on the function 
of the gastrointestinal tract. Further refinement of meth
ods to determine the true ileal digestibilities of AA will 
allow more accurate measurements to be made. In order 
to facilitate this, accurate estimates of endogenous ileal 
AA are needed and approaches used to estimate endog
enous ileal AA losses and factors that affect them need to 
be investigated further. 

The effect of specific dietary factors (i.e. ANFs, NSPs, 
etc.) on the efficiency of AA utilization for lean tissue 
accretion in pigs deserves further examination. At the very 
least, these effects should be taken into consideration when 
evaluating different pig feed ingredients. 
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