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AMNO ACID DIGESTIBILITY IN NON-RUM NANTS - A REVIEW
P.J. MOUGHAN* and A. DONKOH*
SUMVARY

Approaches to the determination of dietary anino acid digestibility in
monogastric farm animals are reviewed. In the growing pig, it appears that
nmeasurenent of digestibility at the end of the ileumis justified but the
situation is not so clear for poultry. Regardless of the species, the amno acid
flow at the end of the ileum should be corrected for its endogenous conponent
to give estimates of true digestibility. Routine approaches to detern ning anino
acid digestibility are discussed and distinction between the neasures of amno
acid digestibility and availability is stressed

| NTRODUCTI ON

The digestibility of amino acids in feeds is highly variable. By way of
exanple, amno acids in a protein source such as casein are al nost conpletely
rel eased during digestionwhereas for a feedstuff such as meat-and-bone meal nore
than half the amino acids may remain unabsorbed from the aninal's digestive
tract. Accurate data on the digestibility of amno acids in feeds is needed
therefore, to allow the animal's daily requirenment for individual dietary am no
acids to be net nore precisely and economically. The amino acid requirenent
shoul d be defined as that amount needed to maximse profitability for the
particular production unit in the short- to mediumterm Requirenent values
t hemsel ves should not be viewed as static, therefore, but rather they vary both
spatially and tenporally. A dynamc approach to estimating am no acid
requirenents is now afforded by conputerised nodels sinulating animal growth
(Moughan and Verstegen 1988). ’

The aim of the present contribution is to briefly review the currently-used
in vivo methods for determining amino acid digestibility in non-rum nants and
to assess their adequacy. In the future, it is likely that poorly-digestible
feedstuffs will be used increasingly in animl production and there will be an
even greater need than at present for practical yet reliable digestibility
assays.

PROTEIN DI GESTI ON

After being ingested by the animal, dietary protein becomes progressively
m xed with endogenous proteins and the total is subjected to digestive breakdown
in the upper alinentary tract. Free anmino acids or snall peptides, released by
the digestive enzymes, are absorbed anterior to the end of the snal
intestine. At the terminal ileumthere will be an anount of protein which has
remai ned undi gested and peptides and free amino acids which have not been
absorbed. These along with other undigested dietary conmponents will pass into
the large intestine whereby they are subject to the action of a dense popul ation
of microorganisnms. Sone protein, peptides and free amino acids may escape
" breakdown in the hindgut and be excreted in the faeces, but a considerable
proportion of the nitrogenous material entering the hindgut will be netabolised
by the microflora. Al so, non-protein nitrogen (mainly urea) may enter the hindgut
from the animal's bloodstream and be used for the mcrobial synthesis of anino
acids and microbial protein. The hindgut nicrobes are capable of intense
proteolytic activity, with the concomtant release of free amno acids. It
appears, however, that amino acids are not absorbed across the large intestina
mucosa to any significant extent (Wong et al. 1981).
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The microbial metabolism of nitrogenous conpounds has been the subject of
several conprehensive reviews (Rerat 1981; Mason 1984; MNeil 1988; Low and
Zebrowska 1989). At least for the growing pig and for nost amino acids in nost
feedstuffs there is a net loss of anmino acid between the terminal ileum and the
rectum The anmino nitrogen is absorbed fromthe hindgut nmainly as ammonia, which
under normal circunstances is of no nutritional value to the host. Especially
for methionine and sonmetimes |lysine there may be a net synthesis of the amino
acid due to the nicrobial action. An indication of the significance of the
hindgut microflora netabolismis that around 80% of faecal nitrogen is present
in mcrobial bodies (Low and Zebrowska 1989). The inportant inplication of this,
in practice, is that only a very low proportion of the faecal anmno acid
excretion is directly related to the flow of undigested dietary am no acids
entering the large intestine

The above brief and sinplified summary of protein digestion should serve to
hi ghlight the inadequacies of the traditional faecal neasures of anmino acid
digestibility. Because of the microbial action in the hindgut, and that at |east
for most species of animal amno acids from the hindgut do not becone avail able
for body protein synthesis, faecal digestibility coefficients are likely to be
m sl eadi ng. Measurenment of amino acid flow and digestibility at the end of the
ileum (Payne et al. 1968) is now generally recognized as a nore acceptable
approach, at least theoretically (Rerat 1981; Tanksley and Knabe 1984; Sauer and
Qzi mek 1986).

Al though, the effect of hindgut mi crobial netabolismon protein digestion
does appear to be a rather general phenonenon (Table 1), it is not necessarily
of practical significance in all cases. The extent of microbial activity and thus
the degree of difference between ileal and faecal digestibility coefficients
depends on the type and nunbers of microorganisns present, the type of feedstuff
and the time of residence of material in the hindgut. It is thus a function of
both species of animal and diet. The practical inportance of differences in
amino acid digestibility as determned using the ileal or faecal nethods will
now be addressed with reference to the comercially-inmportant nonogastric
species, pigs and chickens. To allow conparison between the different types of
digestibility neasurements, however, requires that methods be devel oped to allow
adequate collection of ileal digesta, and this in itself has not been
straightforward.

DIGESTA COLLECTION WTH PI G5

Numer ous net hods have been devel oped to allow the total collection of
digesta or sanpling of digesta fromthe terminal ileum of pigs. In the nain,
t hese nethods involve the surgical inplantation of cannulae. The different
approaches to cannul ati on have been the subject of recent reviews (Sauer et al.
1989a; Low 1990) and it is concluded that nore work is required before firm
concl usions can be drawn as to the superiority of any one procedure. At this
stage, however, some general comments can be made. Ileo-ileo and ileo-caecal re-
entrant cannul ationinvolve total transection of the ileumand this is considered
to be undesirable. The ileo-colic (post-valve) re-entrant cannul ation, post-
val vul ar T-caecum cannulation and sinple T-ileum cannulation all have the
di stinct advantage that the function of the ileo-caecal valve is preserved and
the ileumis not transected. Wen sinmple T-cannulation of the ileumis adopted
the surgery is less invasive than with the other two approaches but because
digesta are sanpled there is reliance on an indigestible marker conmpound. The
post-val ve T-caecum nethod has the advantage that during collection nmost of the
digesta pass through the cannula because the ileo-caecal valve protrudes directly
into the cannula. Indeed, the post-valve T-caecum technique (van Leeuwen et al
1988) woul d appear to be the current nethod-of-choice, but its superiority over
the sinple T-cannulation of the ileum has yet to be denonstrated
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TABLE 1 Conparison of the ileal and faecal digestibility of dietary protein for
the chicken and several sinple-stomached manmmal s

Apparent digestibility

Ileal Faecal
Piglet™ 0.90 0.97
Growing Pig® 0.66 0.81
Pre-ruminant calf<€ 0.88 0.94
Adult Human< 0.87 0.89
Chicken® 0.78 0.86
Growing rat® 0.69 0.78

= Six kg liveweight piglets fed bovine milk (Moughan et al. 1990a)

B Forty five kg liveweight pig given meat and bone meal based diet (Moughan
et al. 1984)

< Milk-fed calf (45 kg liveweight), (Moughan et al. 1989a)

< Sixty-five kg adult human consuming a meat, vegetable, cereal, dairy product
diet (Moughan and Rowan 1989)

“ Overall mean amino acid digestibility for 9 amino acids and 16 diets given

to 10-week-0ld chickens (Raharjo and Farrell 1984)
Eighty g liveweight rat given a meat and bone meal based diet (Moughan et
al. 1984)

The potential inpact of any form of cannulation on the normal physiologica
functioning of the animal, however, should not be overl ooked. Livingstone and
McWilliam (1985) reported that pigs with sinple T-cannulae inplanted in the ileum
had simlar voluntary feed intakes to their non-cannulated sisters but grew nore
slowy and less efficiently. Wenham and Whburn (1980) in radiol ogi cal studies
with sheep found that several types of cannulation, including sinple T-piece
cannul ation, caused sone disruption to normal digesta flow.

An alternative to collecting digesta via intestinal cannulae, is to sanple
digesta fromthe terninal ileum of aninals while under anaesthesia (Mughan et
al. 1989b). The so-called slaughter technique, has the distinct advantage of
involving mininal disruption of nornmal digestive function in the animl and
all ows sanples of digesta to be taken from several parts of the digestive tract.
The main technical criticismof this method concerns the potential difficulty
of obtaining representative sanples of digesta. However, and based on the
experience of the authors, when a frequent feeding reginme is adopted in
conbi nati onwi t ht he slaughter technique, digestibility data are no nore variable
than those found with cannulated animals

Al of the above-described nethods of digesta collection in the pig are
expensive and somewhat |aborious. A sinpler technique, which has been widely used
in practice, is ileo-rectal anastonosis. However, and although the nethod has
a nunber of logistical advantages, there are still serious doubts concerning the
physi ol ogi cal normality of anastonmised aninals (Mughan 1991a). A conparison
of the different methodol ogies available including detailed study of their
potential effects on the pig' s digestive physiology, is long over-due. In the



175

meantime, it appears that post-valvular cannulation of the caecum using a sinple
T-pi ece cannula or the slaughter method are likely to yield the nost reliable
results.

DIGESTA COLLECTI ON W TH CHI CKENS

Gven the small size of the chicken relative to the pig, it has been common
to collect ileal digesta using the slaughter nethod (Payne et al. 1968; Varnish
and Carpenter 1975; Achinewhu and Hewitt 1979; Raharjo and Farrell 1984), but
sinple T-piece cannulation has al so been enpl oyed (Raharjo and Farrel|l 1984;
Sunmers et al. 1982; Gurnsey et al. 1985; Crissey and Thomas 1987). Thonas and
Crissey (1983) commented on the considerable difficulties encounteredinpractice
due to loss of cannulae fromthe body. Polypropylene cannul ae woul d appear to
of fer some advantages in the latter respect. Wth the slaughter nmethod, there
are a number of technical aspects that need to be considered, such as feeding
method, nethod of killing, mneans of renoving digesta, |ength of ileum sanpled
and the indigestible marker enployed. To date there has been little experinenta
work to evaluate these factors. Sumers and Robbl ee (1985) reported no
differences in the ileal digestibility of dietary anmino acids between
anaest hetised and killed broiler chickens. At our own Centre (Y. Kee Hor, R King
and P.J. Mughan, unpublished data) euthanasia of birds using the barbiturate
sodi um pent obar bi t one has been found superior to carbon dioxide asphyxiation and
the work of Bolton (1964) would indicate that death by cervical dislocation my
cause agonal spasnms with an acconpanyi ng novenment of digesta between different
parts of the tract. Wth respect to renoval of digesta fromthe tract, some
workers have used manual manipulation with apparently satisfactory results (J.
van der Klis, pers. comm.). This procedure nmay lead to a shedding of nucosal
cells, however, and our group has preferred collecting digesta by gentle flushing
of the ileal contents with distilled water. No effect on dietary nitrogen
digestibility was found consequent upon flushing with distilled water or
physi ol ogi cal saline (Y. Kee Hor, R. King and P.J. Moughan, unpublished data).
Chromi c oxide has been the nost frequently used indigestible marker conpound but
there has been no definitive study to validate its use in the broiler ileal
assay. Work is urgently required to assess the effects of factors which may
i mpact upon the assay, to allow specification of a standardised procedure. Unti
this is achieved results generated by ileal assays are open to interpretation
and any conparison with other assay procedures is hanpered. A so, and although
cannul ati on procedures have been enployed there has been no thorough eval uation
of the possible effects of cannula inplantation on digestive physiology in the
fow .

Rat her than collect ileal digesta fromthe chick by either cannulation or
following slaughter, which is costly and poses a nunber of difficulties, sone
workers have tried to avoid the influence of the hindgut microflora by collecting
excreta (faeces and urine conbined), but after caecectony. Mcrobial activity
in the hindgut i s reduced with caecectony (Low 1990) but it may not be elininated
(Wiitacre and Tanner 1989). The effects of renmpving the caecae on digestive
physi ol ogy are unknown and the fact that urine which contains non-am no nitrogen
and amino acids is voided in the excreta, to some extent confuses the
interpretation of the "availability" dat a.

| LEAL VERSUS FAECAL DI GESTIBILITY - PI GS

Numerous studies, enploying a variety of methods for collecting ilea
digesta, have been reported whereby the ileal and faecal digestibilities of
dietary amno acids in pigs have been determned. There is general agreement that
the ileal digestibilities of npbst amino acids are |ower than corresponding
digestibilities determned over the entire digestive tract (Table 2). According
to Zebrowska (1978) the anobunt of amino acids disappearing in the large intestine
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usually varies from5 to 35% of the total amino acids ingested. It appears that
the lower the ileal digestibilities of nitrogen and anmino acids, the greater is
the difference between ileal and faecal digestibilities (Table 3). This is
understandable, as with diets containing highly digestible protein nost is
absorbed before the digesta enter the large intestine whereas with protein
sources of lower quality there are larger residues to allow a disappearance of
amino acids between the termnal ileum and rectum

TABLE 2 1Ileal and faecal digestibilities of essential amino acids in pig diets®

Amino acid Location
Ileum Faeces Difference
Arginine 0.88 0.92 0.04
Histidine 0.85 0.92 0.07
Isoleucine 0.81 0.87 0.06
Leucine 0.83 0.89 0.06
Lysine 0.85 0.87 0.02
Methionine 0.85 0.85 0.00
Phenylalanine 0.82 0.89 0.07
Threonine 0.73 0.85 0.12
Tryptophan 0.79 0.89 0.10
Valine 0.79 0.87 0.08
_Average 0.82 0.88 0.06
2—From Sauer amdJust—<1979 ) T =36

TABLE 3 Apparent digestibilities of sone amino acids in wheat flour and wheat

offal measured at the terminal ileum (l) and in faeces (F)=

Amino acid Wheat flour Wheat offal

I F I F

Lysine 0.84 0.86 0.66 0.76
Histidine 0.91 0.94 0.79 0.88
Methionine 0.94 0.94 0.78 0.82
Isoleucine 0.9 0.95 0.73 0.75
Leucine 0.95 0.96 0.75 0.79

" Trom Sauer et al. (1977)

In the pig, it is generally agreed that the anpunt of amino acid absor bed
in the small intestine up to the terninal ileum gives a nore reliable estinate
of the amount available to the aninal than does the conventional faecal index
method, particularly if the diet contains protein of low quality. There is,
however, a need for some caution in the interpretation of ileal digestibility
val ues because of mcrobial fernentation that occurs in the upper digestive tract

(Cranwel | 1968; Bergner et al. 1986; Dierick et al. 1986a,b). Further, il eal
digesta contain endogenous proteins which confuses the interpretation of apparent
digestibility coefficients. Nevert hel ess, appar ent ileal digestibility

coefficients have been shown to be sensitive in detecting small differences in
protein digestibility due to the processing of foods (Rudol ph et al. 1983;
Vandergrift et al. 1983; van Werden et al. 1985; Sauer and Ozinek 1986; Knabe
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et al. 1989). Aso, several studies (Tanksley and Knabe 1980; Low et al. 1982;
Just et al. 1985; Myughan and Smith 1985; Laplace et al. 1985; Dierick et al
1988; Laplace et al. 1989) have denonstrated that apparent ileal digestibility
coefficients accurately describe the extent of amino acid uptake from the gut
at least for a range of commonly used feedstuffs which have not been subjected
to high tenperatures during their processing. Amino acid digestibilities can
be predicted nmore precisely fromileal nitrogen digestibility than from faeca
nitrogen digestibility. However, neither ileal nor faecal nitrogen could be used
with a high degree of certainty to predict ileal amino acid digestibilities
(Knabe et al. 1989).

Several attenpts have been nmade to collate data from the wider literature
on ileal amino acid digestibility in the pig, but care nmust be taken when
conparing data for different ingredients, generated using different nethods. The
data on ileal amino acid digestibility for the growing pig, presented by Rhone
Poul enc Nutrition (1989), are particularly useful in that a single method (ileo-
rectal anastonpsis) was used to generate information on a wi de range of
feedstuffs.

| LEAL VERSUS EXCRETA DI GESTIBILITY - CH CKENS

The influence of the hindgut mcroflora in chickens on amno acid
digestibility is not as clearly established as for the pig. The chicken has a
relatively small hindgut and food nmoves rapidly through the digestive tract. The
role of the hindgut microflora in fow has been the subject of recent review
(Austic 1983; Thomas and Crissey 1983; van Weerden 1989; Whitacre and Tanner
1989; Johnson 1990) and there is a growi ng consensus that there nmay be
significant mcrobial fernentation in the |lower gut of the chicken and that this
shoul d be accounted for in digestibility assays. However, there is not conplete
agreenment. Papadopoul os (1985), after review ng the subject for exanple,
concluded that ileal and faecal assays will lead to simlar results. There is
uni versal agreenent, however, that nore conparative studies are required to fully
resolve this debate

As for the growing pig, an effect of the hindgut microflora is likely to be
greatest for feedstuffs of low digestibility. This is evidenced by the data from
a study by Johns et al. (1986), al beit using caecectom sed cockerels, of the true
digestibility of amno acids in a heat-treated neat and bone neal (Table 4).
There were differences between the intact and caecectonmi sed birds for the basa
meat and bone meal with the differences being magnified after heat treatnent of
the meal. Such a difference in digestibility may even be higher if neasurenent
was made at the terminal ileum

Overall it seenms that there is a significant degree of microbial activity
in the hindgut of the chicken and there would appear to be a case for devel oping
a standard ileal digestibility assay. An ileal assay has the added advantage of
not being affected by urinary amno acid excretion which may confound
digestibility neasures based on excreta. However, it appears (Low and Zebrowska
1989; Moreto and Planas 1989) that amino acids may be absorbed fromthe hindgut
of birds, which does not appear to be the case for mammals. |f this is true and
occurs to a significant extent, then the ileal digestibility assay may not be
valid. If, on the other hand, it can be denonstrated that there is negligible
absorption of intact amino acids and peptides by the colonic and caecal mucosa
then standardised ileal digestibility assays for broiler and layer birds woul d
seemto offer significant advantages to the poultry industry. Wrk in this area
with poultry is not as advanced as with the pig. The potential for hindgut anino
acid absorption in birds needs to be examned. Standardised ileal assays need
to be devel oped and tested. A conprehensive ileal/excreta (faecal) conparison
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TABLE 4 True digestibility of amino acids in diets containing heat-treated neat
and bone neals deternmined using intact (I) and caecectonmised (C) cockerels

Amino acid Diet®

1 2
Lysine
I 0.88 0.58
c 0.82 0.45
Methionine
I 0.90 0.79
Cc 0.91 0.76
Threonine
I 0.79 0.62
(o] 0.75 0.55

= Diet 1 contained (10%) meat and bone meal ex the processing factory.
Diet 2 contained (10%) meat and bone meal from the same batch as used in Diet
1, but after 5 hours heating in a steam- jacketed cooker.

needs to be made and finally ileal amno acid digestibility data should be
evaluated for their usefulness in practical dietary fornulation

TRUE AND APPARENT DI GESTIBILITY

Acceptingthatamno acid digestibility should be based onneasurenents nade
at the terminal ileumof nmamals and birds, it needs to be recognised that ilea
digesta contain appreciable quantities of non-dietary protein from sources such
as bacteria, hair, digestive secretions, mucus and cells. To get a proper or
"true " estimate of digestibility, correction should be made for the non-dietary
conmponent. True digestibility estimates should nmore closely describe the uptake
of amno acids from the digestive tract. True digestibility has the advantage
over apparent digestibility in that it is a fundanental property of the
feedstuff, being independent of dietary conditions. For a given amno acid, the
apparentdi gestibilityincreases exponentiallywththe ingestedquantitybecause
endogenous excretion, as a percent of total excretion, decreases proportionally.
By contrast, true amino acid digestibility is not affected by the ingested
quantity. Therefore using true digestibility data allows raw materials to be
accurately conpared, even if they are ingested in different quantities. The
benefits of using true as opposed to apparent digestibility coefficients is
di scussed nore fully el sewhere in the present proceedings (Mughan 1991b).

Al though the need for correction of apparent amino aciddigestibility values
for endogenous excretions is recognised, there are problems in attenpting to
apportion amno acids appearing in ileal digesta to dietary or endogenous origin
In the past two approaches have been adopted to quantify endogenous |evels of
amno acids appearing at the termnal ileum These are analysis of ileal digesta
fromanimals given a protein-free diet and the feeding of graded anounts of a
single protein source followed by extrapolation to zero intake of amino acids
of the linear regression of ileal anmino acid output on dietary amno acid intake.
Both methods are, however, open to criticism Further, there is evidence that
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with both nethods, the |evel and source of dietary fibre influences the outcone
(Hol mes et al. 1974; Sauer 1976; Taverner et al. 1981), probably through an
effect on nucin production (Taverner 1979). Again, natural fibre may behave
differently from cellulose, frequently used as a fibre source in experinental
sem -purified diets.

A practical nethod for determning endogenous ileal amno acid flow which
is not subject to the criticisnms of the protein-free or regression methods but
which is applicable only to protein sources which do not contain fibre or
antinutritional factors (e.g. neat and bone neal, fish neal, dried yeast, blood
meal, mlk powder) has been recently proposed (Mughan et al. 1990b) and
evaluated. Although the latter technique appears to be useful for this restricted
group of feeds, at present there is no satisfactory practical approach for
determ ni ng endogenous loss in the remaining feedstuffs used in pig and poultry
producti on.

CONCLUSI ON

True ileal amino acid digestibility appears to be the method of choice for
determning dietary amno acid absorption fromthe gastrointestinal tract of the
pig and is probably also a useful method with poultry. A drawback, particularly
with pig ileal assays, 1is their cost. Development of a routine relatively
i nexpensive ileal assay would have appeal. In this respect the |aboratory rat
of fers nuch pronmise. Digestive physiology is simlar between rats and pigs, so
it is not surprising that when apparent ileal amino acid digestibility has been
compared between the species (Mughan et al. 1987; Donkoh et al. 1990; Smth et
al. 1990) close agreenent has been observed (see Table 5)

TABLE 5 Mean apparent ileal amino acid digestibilities in ground barley, neat
and bone neal and a conpound diet, determined in three separate studies using
the laboratory rat and growing pig

Amino acid Barley® Meat and bone Compound diet®
meal®™
Rat Pig Rat Pig Rat Pig
Lysine 0.75 0.78 0.81 0.82 0.77 0.76
Methionine 0.75 0.84%%*% 0.83 0.84 - -
Threonine 0.68 0.72 0.73 0.73 0.71 0.72
Histidine 0.76 0.78 0.74 0.75 0.77 0.78
Isoleucine 0.80 0.78 0.80 0.81 0.76 0.76
Leucine 0.78 0.80 0.78 0.78 0.80 0.77
Phenylalanine 0.76 0.82% 0.81 0.83 0.80 0.76
Valine 0.79 0.80 0.76 0.80 0.76 0.75
™ Moughan et al. (1987)
®  Donkoh et al. (1990)
< Smith et al. (1990)
* Significant P<0.05, *** Significant P<0.001
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In these studies, ileal digesta were collected fromthe euthanased ani mal and
considerable prelimnary work was undertaken to define optimal sanpling
conditions, to ensure a valid inter-species conmparison. Wrk is continuing at
our Centre to further validate the rat nodel. Wen validity has been established
for a particular feedstuff, and it should be stressed that the rat may not be
a useful nodel in all cases, the rat assay can be used to generate data quickly
and relatively inexpensively.

A further sinple and rapid nethod which nmay have potential for the
determnation of ileal amno acid digestibility at least in pigs, is the nylon
bag technique (Sauer et al. 1989b). This method warrants further investigation
and may have value as a rapid screening test. The in vitro approach can al so
provide digestibility data rapidly, cheaply and with inpressive precision. It
is very difficult, however, to adequately sinulate the conplex processes
occurring during digestion in vivo, and in vitro assays generally have not
provided accurate estimates of amino acid or nitrogen digestibility.

[t is inportant when discussing protein digestion to distinguish between the
concepts of digestibility and availability. Digestibility refers to the uptake
of an amino acid fromthe gut whereas availability refers to the degree of uptake
and subsequent utilization of the amno acid for protein synthesis and other
anabolic processes. Amino acid availability is a conplex phenonenon affected by
many interacting factors (Mwughan 1991a). There is likely to be a discrepancy
between digestibility and availability, particularly for the amino acid lysine
because of its free E-amno group, for heat-treated foods (Mughan 1989). On the
one hand, chem cally unavail able lysine may be absorbed and then not utilized
but seemngly nore inportantly, lysine digestibility coefficients thenmselves are
likely to be inaccurate, at |east for some processed foods. Wth the early
stages of the Maillard reaction, for exanple, which are predom nant under the
normal conditions of food processing, the deoxyketosyl |ysine derivative (Amadori
conmpound) forned is hydrolysed back to Iysine in the presence of strong acids
Thus conventional amino acid analysis |eads to overprediction of the actua
lysine present in food or ileal digesta from an animal fed the processed
feedstuff. Consequently, the ileal lysine digestibility coefficients are likely
to be biased, and to an unknown degree. Also, and for feedstuffs generally, it
is to be expected as noted by Batterhamet al. (1990a) that digestibility values
will overestimate availability. A proportion of the absorbed am no acids,
including the first-linmting amno acid will be inevitably catabolised by the
animal with the degree of such catabolismvarying with the |evel of uptake
(Moughan 1991b). For this sane reason, absolute values for body |ysine retention
can not be used to assess the adequacy of ileal digestibility coefficients
(Batterham et al. 1990b).

In conclusion, true ileal amno acid digestibility coefficients are likely
to be useful indicators of am no acid absorption for feedstuffs in which the
constituent amno acids have not undergone structural changes during processing
or storage. In feedstuffs where chenically unavailable anmino acids are present
in significant quantities, however, ileal digestibility coefficients should not
be expected to accurately indicate amino acid absorption, at least for some of
the amino acids. Finally, digestibility assays should be evaluated in terns of
their accuracy for predicting the overall level of absorption of an amno acid
from the digestive tract. As such they indicate the anobunt of a dietary amno
acid potentially available for metabolism and thus have a role in the practice
of diet fornulation, but they do not indicate the extent to which an anmino acid
will actually be used for protein synthesis. The latter depends upon the
interaction of several dietary and animal factors. The reason why truly absorbed
chem cal | y-avail able am no acids may not be used for body protein accretion is
initself a topic worthy of nore detailed investigation
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