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THE USE OF AMNO ACID PROFILES TO MEASURE M CROBI AL
PROTEIN QUTFLOW FROM THE RUMEN
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SUMVARY

An evaluation is nmade of the potential usefulness of the amino acid profile
method for quantitating the unfermented feed, bacterial, protozoal and other
conmponents in abomasal or duodenal digesta. A sinmpler nethod of calculation based
on nultiple regression analysis is proposed and applied to results obtained in a
nunber of |aboratories.

| NTRODUCTI ON

The measurenent of the flow of nmicrobial protein fromthe rumen i s essential
in studies of protein netabolismin the rumnant. Various markers (RNA, DAPA, EAP,
15N, *3s and specific amino acid (a.a.) profiles have been used to identify microbial
materials in abomasal or duodenal digesta. Digesta flow markers (*°Cr-EDTA, *°3Ru-
nust al so be used to determne the flow of digesta and hence of microbial Nto the
| ower tract. Various workers have conpared techniques (see Ling and Buttery 1978;
Siddons et al. 1979). Estimates of the proportion of microbial in digesta are
usual |y highest when using RNA, followed by DAPA* N *°S and finally the anino
acid (a.a.) profile approach.

The a.a. profile techni que was proposed by Evans et al. (1975) and is the only
method currently available that can provide simultaneous estimtes of the proportion:
of bacteria, protozoa, feed and endogenous conponents in digesta. The technique
has, however, received little use. This may be partly because many |aboratories
do not have ready access to conputer technology that allows the necessary calcul atior
to be made by the nethods originally proposed. Oher limtations are inposed by
the need to obtain pure sanmples for analysis of the constituents that are to be
identified in digesta and by analytical errors associated with obtaining specific
a.a. profiles. These considerationsare discussed in this paper.

THECRY OF TECHNI QUE

The conposite a.a. profile in duodenal or abomasal digesta can be considered
to be a mxture of amno acids derived froma nunber of digesta constituents, e.g.
unfermented dietary, bacterial, protozoal and endogenous materials - each with a
different specific a.a. profile. Evans et al. (1975) used a conmputer programto
simulate the mxing of the known a.a. profiles of individual digesta constituents
in different proportions in order to produce a profile (containing 15 a.a.) simlar
to that in conposite duodenal digesta. An organized search was carried out for
the mninum value of the objective function:
15
I (profile actual - profile calculated)?.
n=1
Computer progranms suitable for making this calculation are not readily available
in nost biological laboratories and this may explain, in part, why the original
procedure has not been nore widely adopted. However, a discrete solution giving
the fraction of each constituent in the conposite digesta can be obtained by a
direct rather than an iterative nethod, as follows:
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Let xi1, x2....x, represent, respectively, the mass of dry matter (DM in
unfermented bacteria, protozoa . .. etc. per unit DM in abomasal digesta. Let
X1,i> X2 5..-%p 4 represent the concentrations of marker i per unit DM in bacteria
protozoa, . . ..etc., and Di be the concentration of marker per unit DM in abomasal
digesta.
Thus,

D = X1 Xl,i’ + X2 X2,i + .. + XC XC,i

for i = 1, N where N = nunber of markers (e.g. amno acids) used, and C = number
of constituents. If N=C, then the unique solution for x;, wheni =1, C is
obtained by solving N sinultaneous equations in C unknowns. If there were no
errors in the numerical values, a unique solution would still be possible when
N > C but as experinental errors inevitably occur, this is not possible in practice.
It is still possible, however, to 'solve' the N equations with a |east-squares
approach, i.e. by multiple regression using matrix algebra. Miltiple regression

model s are in common use in biological l|aboratories, and the technology is usually
readily available.

The markers used in this approach can be specific, i.e. sone X, ; values are
zero, or non-specific, i.e. all X, ,i values are non-zero. Know edge of the error
associated with the analysis of each marker is inportant in determining whether it
should be included in the analysis. It is the error associated with narker
measurenent and not the relative difference between marker concentrations in
different conponents that determnes a marker's usefulness. If marker error is not
known (and assumed constant) all markers should be included in the analysis. If
not all markers are used, the optimum index of amno acids should scale each amno
acid according to its independent (uncorrelated) ability to distinguish between
feed, bacterial and protozoal conmponents, assuming all markers are measured with
simlar accuracy. Discrimnant analysis can achieve this goal (Cottle 1980).

RESCALI NG
N
If all constituents are included in the analysis, ¢ xi = 1. Wen this does

i=1
not occur (because there are missing constituents or experimental errors) the
resulting estimates of Xi can be rescaled to sumto 1. Aternatively an extra
equation with Xi =1, D =1 can be added. This can also be done, if required,
when there are only C | markers avail able.

The estimation of the amounts of individual constituents in abomasal or duodenal
digesta using either the |east-squares procedure or the nethod of Evans et al. (1975)
relies on the correct values being included for X, ;. One may wish to separate the
digesta in terns of total organic matter or total N. If the X .1val ues are in
terms of g marker/g markers analysed, then the estinmated X vél 4&s nust be rescaled,
i.e. expressed as proportions of total organic matter or total N The correct X
val ues are:

X, X2 ... Ze.p
SF.  SF» STe

Where SF. = total mass of all markers in component C per unit DM of component C and
T= 1
X
nggn
n=1
Thi s rescaling process will be needed, for exanple, if marker concentrations
are expressed as g anino acid/g total amino acids analyzed, and when nitrogenous
substances other than marker anmino acids are present in the conponent being identified
and neasured. This point has not been recognized by other workers, including Ofer
et al. (1976).
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The nost satisfactory way of expressing individual amino acid results, within
a group of markers, is as g of amno acid/g DM of conponent. \When this is not
measured or reported, the results may be expressed as g of amno acid N/100g of
total N accounted for by all the anmino acids (measured in all conponents) in that
profile. This may involve recalculations of data, so that the same array of anino
acids is represented in each conponent of the digesta. Wien the regression nodel
is solved for data in this form rescaling is required to obtain the actual
proportions of total N or DM present.

DI SCUSSI ON

One of the main limtations of the a.a. profile nethod is that the usual
techniques for estimating a.a. conposition, e.g. ion-exchange chromatography, are
subject to considerable error. Least-squares analyses of profiles are very
sensitive to changes in the neasured concentration of individual a.a.in the
profiles (Cottle 1980). In addition, because feed, nicrobial or endogenous
residues cannot readily be isolated from digesta for a.a. analysis, these marker
profiles will often need to be obtained by analyzing the dietary materials and
isolated rumnal mcrobes, or taken from the literature.

Many wor kers have found that the a.a. profiles of undergraded feed protein
| eaving the rumen are different fromthose of the protein in the diet. The a.a.
profile of the feed can be weighted by a factor representing the proportion of each
a.a. that escapes degradation (from an average value from the literature) followed
by the appropriate rescaling of the profile. However, the proportion of each a.a.
resistant to degradation appears to vary w dely between diets (see McMeniman et al.
1976, Tanminga et al. 1979).

There is also sone controversy as to whether the a.a. profiles of bacteria are
constant, regardliess of the diet fed to the animal. Bacteria and protozoa have
different profiles and different protein contents. An analysis of variance of
profiles are not different when results are obtained in different |aboratories and
under different conditions. Profiles of a.a. in protozoal protein analysed in
different |aboratories were also not significantly different. Average a.a.
profiles of rumnal bacteria and protozoa from the literature have to be used when
only profiles for feed and duodenal digesta are nmeasured (Cottle 1980).

I f endogenous proteins entering the rumen are extensively fermented, then
omasal and abonmasal secretions will be the principal endogenous conponents in
abonmmsal digesta. Offer et al. (1975 used the a.a. profile of pepsinogen to identify
endogenous material, but albumin and vy, 8 and a globulins fromthe plasma are al so
present (Harrop 1974). The total endogenous contribution appears to be only 2-10%
of digesta flow (Harrison et al. 1979). This represents a flow of ca. 2-3.5 g Nd
in sheep. The endogenous profile could change under different conditions, e.g.
increased turnover of albumin occurs when there is gastrointestinal helninth
infection (Steel 1978).

EVALUATI ON OF TECHNI QUE

The procedures outlined were applied to data from this and other |aboratories
for which independent estimtes of the proportion of nicrobial and dietary material
in digesta had been obtained by single-nmarker methods (Cottle 1980). The main
conclusions of this study were as follows:

i) using the a.a. technique the variability between animals on a sinilar
diet is large but no greater than that obtained using other specific markers. The
use of an average duodenal digesta profile appeared to give results closest to
single marker results, and use of average bacterial and protozoal a.a. profiles
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fromthe literature rather than fromthe experiment under exanination did not
appreciably affect the results;

ii) the nunbers of conponents that could be included in the analysis
depended on the individual variation in data in each study. The estimted
proportions of each component in digesta changed substantially when different sets
of conponents were included in the analysis. The results obtained with some diets,
particularly when different conponents had rather simlar profiles, did not result
in well-constrained solutions;

iii) the estimted proportions of mcrobial N in digesta N calculated for
different diets within a study were ranked in a simlar order by the a.a. profile
techni que and single-marker techniques.

iv) the endogenous profile appeared to be nost closely represented by the
profile of albumn (Pigman and Mbschera 1973).

v) when groups of only five a.a. were used as nmarkers, rather than
conplete a.a. profiles the analysis was very sensitive to the amino acids included.

The confidence that can be attached to any particular solution can be Eartially
deternined fromthe variability accounted for by the nodel solution, i.e. r of
the regression. However, cognizance should be taken of the precision of analysis
of the profiles of individual conponents included in the nodel, and the extent
to which these profiles are likely to be representative of the conponents of the
digesta. As the a.a. markers are non-specific the analysis can be very sensitive
to errors in the a.a. profiles (experinental, sanpling and analytical).
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