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Summary. When studying digestibility, the respective parts of the exogenous, endogenous and bacterial fractions in the digesta or feces must be measured. The proportions
of proteins from different sources may be estimated by comparing their amino acid composition with those of reference sources. This study describes the composition of endogenous
and microbial proteins, i.e. meconium of piglet small intestine and colon, axenic piglet
feces, bacteria isolated in the feces of pigs receiving a standard (cereal-based) or a purified
diet, and pure culture of Escherichia coli. The composition of monoxenic piglet feces and
of feces of conventional pigs fed the two types of diets have also been studied. The data
on 17 amino acids were used to make overall comparisons of compositions, using the
method of x
2 distances and factorial correspondance analysis. The composition of exclusively endogenous products differed somewhat from that of samples (mucus, mucosa)
usually considered as representative of that fraction. In conventional pigs, the major part of
fecal proteins was composed of bacterial protein. Accurate estimation of these was difficult : diaminopimelic acid assay gave an estimate of 65 % bacterial protein, while in the
same

experimental conditions
z distance
X

gave

an

estimate of 90 %.

Introduction.

The estimation of fecal or ileal digestibility is a convenient way of evaluating
the functioning of the digestive tract. The material collected is a mixture of variable proportions of fractions of exogenous (dietary), endogenous (exported by the
animal itself) and bacterial (saprophytic flora of the host animal digestive tract)
origin. For a good assessment of the digestive utilization of the diet, particularly
of proteins, these different fractions must be measured.
Isotopic labelling techniques using !5N (Souffrant, Kbhler and Gebhardt,
1982) aid in determining the endogenous nitrogen of digestive contents. Various
other methods employing such markers as diaminopimelic acid (Synge, 1953) or

nucleic acids (Smith, 1969) are used to estimate the proportion of bacterial protein. These techniques cannot be used routinely for digestibility studies. However,
the proportions of the various fractions may be estimated by computation based
on a study of their amino acid composition. The composition of the mixture (the
digesta collected in a given situation) is compared to the composition of endogenous and bacterial reference fractions. This approach has already been used by
Darcy, Laplace and Duée (1983) with a limited number of reference protein compositions. However, it is evident that the validity of the computed estimates
depends on the number and quality of the reference compositions.
The aim of the present work was to study the amino acid composition of a
wide range of materials closely representative of endogenous and bacterial fractions and to compare these compositions to conventional mixed sources.

Material and methods.
1.

-

Protein

sources

used.

a) Meconium of new-born piglets. Five piglets were killed by cervical dislocation at birth. After the abdomen had been opened and the small and large intestines isolated by clamps, the meconium was collected separately in the two compartments but pooled for the 5 animals (Mg : samples from small intestine ; Mc :
samples from the cecum-colon).
b) Feces of axenic piglets. The feces of axenic piglets were collected from
subjects deprived of colostrum and raised in an isolator. The five samples were
obtained in the following conditions :
A! : axenic 1 : mixed feces of two 24-hour old piglets ;
Z
A
: axenic 2 : mixed feces of two 48-hour old piglets (same piglets as A!) ;
3
A
: axenic 3 : feces of a 3-day old male ;
4
A
: axenic 4 : feces of a 2-day old female ;
5
A
:axenic 5 : mixed feces of three 2-day old piglets of both sexes.
c) Feces of monoxenic piglets. The feces of piglets kept in an isolator were
sampled after inoculation with a strain of Escherichia coli C5148 in the following
conditions :

I!-12:

same

piglet

as

the axenic 4

sample ; feces collected

at 5

days of age

(2 collections) less than 24 h after inoculation ;
-1 : another female piglet collected at 3 days of age (first collection) and
3
1
4
5 days of age (second collection), i.e. respectively less than 24 h and less than
72 h after inoculation ;
-1 : another female inoculated at 5 days of age ; feces collected 24 h (1
5
1
6
) and
5
48 h (1
after
inoculation
;
)
6
: another female inoculated at 5 days of age ; feces collected 3 days after
17

inoculation ;

-1 : two males collected at 5 days of age, 3 days after inoculation ;
8
1
9
-1
1
,
1
0 another male inoculated at 5 days of age ; two assays of a mixture
feces sampled between 24 h and 4 days after the inoculation.

of

d) Feces of ho%xenic pigs. These feces

were collected from growing pigs
standard diet of 60 % barley, 15 % corn, 15 % soyameal and
6.5 % lucerne meal or a semi-synthetic diet of 68.3 % purified cornstarch and
21.6 % fish meal (Darcy, Laplace and Duée, 1982). Two pigs (live weight : 55 and
57 kg) were given the standard diet and two others (live weight : 47 and 48 kg)
the semi-purified diet. The samples collected with the standard diet were termed
s 1 to F, 6) were taken from one pig and three (F
. Six samples (F
s
F
s 7 to F, 9) from
the other pig. The samples from animals eating the semi-purified diet were termed
Fp. Two fecal samples were taken from each animal (FplO to Fp13). The pigs
were adapted to the diet for at least 14 days before the fecal samples were
taken ; the samples were collected during defecation by the animal. One part was
deep-frozen until assay ; the rest was used immediately to isolate fecal bacteria.

receiving either

a

e) Bacteria. A series of differential centrifugations (see below) of the feces
the above conditions gave a bacteria-rich fraction for nitrogen and
amino acid assays. Bacterial isolates B! to B!3 corresponded to feces samples F,
to F,
3 of the four pigs fed the two diets.
In addition, a pure culture of the E. coli strain used for inoculation (sample
E.C.) was made in order to collect enough bacterial material.

sampled in

2.

Separation of fecal bacteria. &horbar; Following the work of Mason (1969), later
applied to the pig (Mason, Just and Bech-Andersen, 1976), fecal bacteria were
separated by differential centrifugation. This methodology, checked at each stage
by direct microscopical examination, was as follows : 50 g of freshly voided feces
were homogenized in 1 I of saline (9 % N
CI) and ground in an Ultra-turrax. After
A
20 min sedimentation, the supernatant was centrifuged 250 x g) for 15 min at
4 °C. All further manipulation was done at this temperature. After centrifugation,
-

was filtered on a Touzart and Matignon filter n° 5 and then centrifuged (14 500 x g) again for 30 min. The sediment was redissolved in saline
and the suspension centrifuged under the same conditions. The sediment was
reprocessed twice more by this method. The final sediment was deep-frozen until
further assay. The final bacterial concentration was about 50 times higher than in

the supernatant

the fresh feces.
The bacterial population was counted in an anaerobic chamber as well as in
long tube (8 x 40 mm), in only one sample of growing pig feces per diet.

a

3.
Analytical techniques. &horbar; All the products studied (meconium, various feces
and bacteria) were lyophilized and their dry matter (24 h in an oven at 104 °C),
total nitrogen (Kjeldhal method) and amino acid (according to Pion and Fauconneau, 1966) contents determined as in our previous study (Darcy, Laplace and
Duée, 1982). The diaminopimelic acid (DAPA) content of all samples was assayed
systematically using hydrolysates prepared according to the performic oxidation
required for sulphur amino acid assay. DAPA was assayed using a modification of
the method of Mzik et al. (1978). When very small amounts of the samples were
available, only the amino acid composition was determined.
-

As previously (Darcy, Laplace and Duée, 1982
4.
Presentation of results.
and 1983) conventional abbreviations were used to designate the amino acids.
-

-
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The amino acid compositions of the various samples have been compared two by
by calculating the
Z distance, as already described by Guilloteau et al. (1980)
X
and Darcy, Laplace and Duée (1983). A method of correspondance analysis was
also used to make an overall comparison of the amino acid composition of the
various proteins studied (Guilloteau, Sauvant and Patureau-Mirand, 1983 ; Darcy,
Laplace and Duée, 1983). The main characteristics of this mathematical method
of data analysis are : 1) two samples with similar amino acid compositions are
projected close together on the axes or planes on which they are represented ; 2)
the proximity of the projection points of an individual amino acid and of a sample
indicates that the latter can be identified by its proportion of the given amino
acid. For clear illustration (fig. 2), amino acid projections, on the one hand, and
samples on the other are shown separately with the axes as a common reference.

two

Results.
1.

-

Amino acid

composition of the

various

protein

sources

(table ll.

A comparative study of the meconium samples showed a wide difference in
their respective amino acid compositions. Small intestine meconium was particularly rich in GLY, LEU and LYS ; large intestine meconium contained high levels
of THR, SER, PRO and CYS. DAPA content in these samples was zero. The
feces of axenic piglets had a mean amino acid composition resembling more closely that of colonic meconium than small intestine meconium ; these feces
contained high levels of THR, SER, PRO and CYS and the DAPA level was undetectable.
The mean fecal compositions of monoxenic piglets are given separately in
table 1 according to the time-lag (24 h at most or 72 h at most) between inoculation and collection. As compared to the composition of axenic piglet feces, those
of monoxenic piglets were generally characterized by higher levels of ASX
(ASP + ASN), GLX (GLU + GLN) and LYS and by lower levels of THR and
GLY. However, there was a higher proportion of total amino acids in the lyophilized samples of feces collected around 72 h after inoculation, as compared to
those collected after 24 h. DAPA levels were of the same order of magnitude in
both groups.
The amino acid composition of holoxenic growing pig feces differed very
little with the diet. The feces of pigs given the purified diet showed a lower concentration of amino acids than those of pigs given the standard diet. The amino
acid concentration was also lower for bacterial isolates from pigs given the purified diet than for those from pigs fed the standard diet. A similar DAPA level was
recorded for monoxenic piglet feces and feces of pigs fed a standard diet. But the
latter was twice as high as the DAPA level in feces of pigs fed a semi purified
diet. There was also a large difference between the respective DAPA concentration of the bacterial isolates (standard vs purified).
The amino acid composition of isolated fecal bacteria did not differ widely
according to the diet ; moreover it did not differ much from that of a pure E. coli
culture, which however has a higher ARG content. The DAPA content of the E.

coli sample
teria.
2.

-

was

1.5 to 3 times

lnfluence of bacteria

higher than

on

the

that measured in the isolated fecal bac-

composition of fecal amino acids.

comparison of the amino acid compositions of feces and the corresponding bacterial isolates (table 1) showed no particular differences. Beyond this
first approach, the comparison of paired samples (feces-bacterial isolate) perA

mitted us to describe the deviation of the level of each amino acid in the bacterial
isolate for each diet from that recorded for the sample of original feces (fig. 1
).
These deviations were usually about 5 to 10 % for the standard diet and they reached 20 % for PRO and CYS. Deviations of about 10 to 20 % (PRO, GLY, ILE,
PHE, CYS, MET) occurred a little more often with the purified diet.

The proportion of bacterial protein in the fecal protein was estimated using
DAPA ratios in relation to total nitrogen. In the isolated fecal bacteria these mean
ratios were 0.0299 (standard diet) and 0.0194 (semi-purified diet). In feces, the
corresponding mean ratios were 0.0191 and 0.0125, which gave a bacterial protein
proportion (in fecal protein) of 64.7 ± 2.7 % for the standard diet (coefficient of
12.3 %) and of 65.7 ± 4.7 % for the purified diet (CV
variation, CV
14.2 %).
Compared with these estimates based on analytical techniques, counting the
bacterial population gave rather different values depending on the diet. In pigs
given the standard diet, we found 1.3 x 10 bacteria/g of fresh feces and the
species were highly diversified. In those given a semi-purified diet, we found
2.6 x 10
9 bacteria/g, i.e. 5 times less, with a much smaller range of species.
=

=

3.

-

Comparison of samples

and estimate of theoretical

compositions.

We

judged the overall similarity of the amino acid compositions of the samby two, using a computation of the
2 distance (table 21. This computaX
tion confirmed the difference already mentioned between the two meconium
sources and the fact that the individual or mean composition of axenic piglet
feces more or less resembled that of the colonic meconium. Inoculating only one
type of bacterium (E. coli) into the axenic animals considerably changed the fecal
amino acid composition within the first 24 h. After 72 h, the amino acid composition of monoxenic piglet feces was much closer to that of E.coli than 24 h after
inoculation. The
2 calculation also confirmed the slight difference in the fecal
X
amino acid composition according to diet. Thus, individually or together, the total
ples

two

feces and their isolated bacteria were very similar with the two diets, but especially with the standard diet. Based on their amino-acid composition, the two
types of bacterial isolate were closer than were the homologous feces. On the
whole, the bacterial isolates obtained with the standard diet were closer to the
composition of pure E. coli culture.
The same computation was used to find the combination of two sources that
gave the theoretical composition which most resembled a third type of sample

(table 3) : the reconstitution of the fecal amino acid composition in monoxenic
subjects, using variable proportions of pure E. coli and one of the three pure sources of endogenous protein (axenic, meconiums), only gave a mediocre estimate
(high X
z distances). However, between 24 and 72 h after inoculation, the estimated proportion of E. coli in the sample composition increased and the estimate
improved (lower X2for monoxenics at 72 h). The same type of computation led to
very good estimates for the feces of one diet or the other, when using homologous fecal bacteria and endogenous protein sources.
Compared with this method in which the samples were used two by two for
computation, correspondance analysis allowed us to place all the samples in relation to the different amino acids in the plane defined by the two main axes corresponding to 59 and 25 %, respectively, of the total variance (fig. 2). The contributions of the different amino acids to determination of the axes showed that axis 1
opposed samples with higher PHE, LEU and TYR contents to those with high

levels of PRO, THR, SER and GLX. Axis 2 opposed samples with high THR and
GLY contents to those rich in GLX and LYS. This overall presentation clearly distinguishes three main groups of samples : (1) those that could be considered as
) i.e. meconiums and axenics ; (2)
*
pure or almost pure endogenous products (
products with a very high content of bacterial proteins : E. coli, bacterial isolates
and the feces themselves ; (3) samples which, although taken from axenic subjects inoculated with E. coli, no longer resembled the axenics but not yet bacteria,
the spread of representative sample points corresponding to development in time
from day 1 after inoculation (1
), 72 h (I!,8,91, and even 96 h for
6
) to 48 h (1
1.2.3.5
mixture samples (1
’).
)
1
,1
10

Discussion.
1.

Compared compositions of the different protein

sources.

The above findings based on correspondance analysis summarize all the
observations concerning the ratios between the 17 amino acids common to all
living cells. We shall now discuss these compositions in more detail and compare
them with data in the literature.
In the case of endogenous proteins there was no indication of the variability
of individual meconium samples. On the other hand, there was considerable variability in the fecal amino acid composition of axenic piglets. The size of the projection area in the plane suggests that the feces of axenic subjects contained very
variable proportions of small intestine and large intestine endogenous proteins. A
priori, these proteins could have been diluted by a residual exogenous fraction,
but this fraction was certainly very small, considering the very high digestibility of
milk protein. However, it is remarkable that there was more variability in the
amino acid composition of axenic feces than in that of conventional feces which
included an additional bacterial component besides endogenous and exogenous
elements. This shows to what extent fecal bacteria can mask all other sources of
variation. Another aspect is the wide overall difference in amino acid composition
between the two types of piglet meconium, as shown by the high X
2 distance.
The composition of axenic feces is far from that of the two types of meconium
(table 2), but relatively close to the mean composition of the two meconiums
2 value is similar to that recorded (
2
X
(
= 54). This X
2 43) when comparing the
X
feces of our axenic piglets with calf meconium of non-specified anatomical origin
(Grongnet et al., 1981) or when comparing (
z 54) these same axenic piglet
X
feces with axenic lamb feces (Combe and Pion, 1977). Our very pure endogenous
sources (meconium, axenic piglet feces) can also be compared to samples obtained from older conventional pigs and considered as representative of an endogenous fraction, such as effluent of perfused isolated intestinal loop (Buraczewska,
1979) and duodenal or jejunal mucus recovered from various sites in small intestine (Darcy, Laplace and Duée, 1983). These two types of products, that are
=

=

) The digestibility of milk protein is considered
*
(

as

almost total.

rather similar to one another (
2 54) are practically superimposed in the corresX
pondance analysis plane on the feces of conventional pigs given a protein-free
diet (Darcy, Laplace and Duée, 19831, the latter feces being another type of material usually considered as representative of the composition of the endogenous
fraction. However, the mean amino acid composition of the mucus of conventional pig small intestine is very different from that of the meconium of the small
intestine (
154) or colon (
z
X
z 256). This shows the important contribution
X
of the flora to the amino acid composition of the mucus of conventional pig intes=

=

=

tine.
This influence is well illustrated (fig. 2) by the close nearness of sample projections such as conventional pig feces, isolated fecal bacteria and pure E. coli
culture. The overall variability of these data is very low. However, the purified diet
led to results on feces and bacterial isolates that were slightly different from those
obtained with the standard diet. The fecal bacterial isolates with a standard diet,
as studied by Mason, Just and Bech-Andersen (1976) and by us, had almost identical compositions (
4) ; those obtained with the purified diet deviated
2
X
2 21 or 27) depending on the comparison reference. It should also be
X
slightly (
noted that the amino acid composition of pig fecal bacteria with a standard diet is
relatively close (
2 41) to the mean composition of 22 bovine rumen microorgaX
and
nisms (Purser
Buechler, 1966).
Compared to the two types of populations already mentioned, the projection
of monoxenic piglet feces has a totally different location. It is not surprising that
the development of a bacterial population, from the time it is inoculated, initiates
a gradual change in the amino acid composition of the samples towards that of
the bacterium inoculated or that of conventional feces ; however, it is surprising
that this change is not initiated from a basal axenic type of composition. This
brings into question the possibility of a large and early effect of inoculation on the
amino acid composition of fecal proteins in these piglets. It is as if the inoculation
initiated, during the first 24 h, an unidentified process, that caused the very high
levels of GLX and LYS which characterized only these samples.
=

=

=

2. Estimate of the

quantitative importance of bacterial protein

in feces.

The particular impact of flora has been emphasized above. However, the
level of DAPA &horbar; an amino acid found in the membrane mucopeptides of many
bacteria (Work and Dewey, 1953) &horbar; needs some discussion. The absence of
DAPA in meconium samples was expected as samples were taken immediately at
birth before any oral contamination. Traces of DAPA found in axenic feces may
be due to the fact that the milk used to feed the piglets was sterilized by irradiation, leaving dead bacteria in the ingested product. There is also the question of
the value of DAPA as an indicator of bacterial proteins, in view of the density of
the bacteria population and the variation in DAPA level (in relation to nitrogen)
amongst the populations or strains studied.
The amount of DAPA in the lyophilized samples of isolated fecal bacteria
varied twofold, depending on the type of diet ingested by the animal. With the
standard diet, we estimated (microscopic examination) a 5-times higher popula-

corresponding to a doubling of the
microscopic examination also showed that

concentration of DAPA. However,
the species contained in the populations are different. DAPA level varies with the bacterial strain and may even be
zero in some (
) populations (Work and Dewey, 1953 ; Dufva et al., 1982).
*
Table 4 gives some values of DAPA level obtained in the present study or found
in the literature, in relation to either total nitrogen or to the sum of 18 amino
acids. It is seen that rumen bacteria, isolated or in pure culture, generally have
higher DAPA levels than pig fecal bacteria. Dufva et a/. (1982), studying these
rumen bacteria, have shown the variability in DAPA levels from one bacterial species to another ; these authors also showed that the sugar content of the medium
affected the DAPA level in the 9 species cultured. This agrees with the effect of
diet recorded for rumen (Dufva et al., 1982) and pig feces (table 4) bacterial isola-

tion

tes.

This group of values demonstrates the wide variability of the DAPA : bacterial nitrogen ratio. Thus, a single reference value of this ratio cannot be used to
estimate the proportion of bacterial nitrogen in a sample. When using the ratio
truly corresponding to the bacterial population in the samples studied, a correct
proportion could be obtained. Under these conditions, the estimate of the contribution of bacterial nitrogen to fecal nitrogen for a given diet shows some interand intra-individual variability (coefficients of variation : 12 to 14 %). But it is
remarkable that the estimated proportion of bacterial nitrogen with the two diets
studied is similar (65 to 66 % of fecal nitrogen). This observation must be compared with the bacterial counts (5 times more with the standard diet) and
amounts of DAPA in the samples of feces or bacterial isolates : (1) the population
was counted on only one sample per diet, but to obtain the relationship between
this count and the proportion of bacterial proteins, the volume, density and nitrogen content of these bacteria must be considered ; this has been done by Mason,
Just and Bech-Andersen (1976) who reported much lower values than those
based on DAPA or nucleic acid assay. The number of uncertainties relative to the
number of hypotheses makes this solution very hazardous and no conclusions can
be drawn ; (2) the proportion of DAPA in the samples was two times higher with
the standard than with the purified diet for the feces as well as for the corresponding bacterial isolates. But the same parallelism between feces and isolates was
found, as the nitrogen levels were 1.3 times higher with the standard than with
the purified diet. It is thus to be expected that the proportion of bacterial nitrogen
in the total nitrogen, i.e. the relationship between the DAPA : nitrogen ratio of
bacteria over the DAPA : nitrogen ratio of feces, would be the same for both
diets.
While estimates using DAPA as an index are compatible with the various
results reported, it does not mean that these estimates are completely reliable.
Excepting extrapolation based on counting, the use of another index based on
ribonucleic acid (RNA) assay led to markedly different results with the same diet
in the work of Mason, Just and Bech-Andersen (1976) : 58 % (RNA) vs 91 %
(DAPA) for a cornstarch diet ; 51 % vs 87 % for a potato starch diet.
Finally, apart from the divergence of these methods based on the assay of a
more or less specific bacterial marker, the estimate in the present study, based on
comparisons of the compositions of 17 amino acids also led to similar values with
the two diets studied. However, in the latter case, the estimated proportion of
bacterial nitrogen reached 90 % (
2 method) vs 65-66 % (DAPA method).
X

Conclusions.
The present

study describes the characteristic amino acid composition of
or bacterial (E. coli) proteins. The composition of
an intermediate range of samples containing either a dominant endogenous fraction (axenic piglet feces) or a bacterial fraction (fecal bacteria isolates) was also
reported. It was shown that the composition of exclusively endogenous products
differed somewhat from that of conventional samples (mucus, mucosa) usually

strictly endogenous (meconium)

considered as representative of this endogenous fraction. Finally, this study confirms that bacterial proteins constitute the major part of fecal proteins in conventional pigs. However, it is difficult to make a strict estimate since values ranging
between 65 and 90 % were found in the same conditions, according to the
method chosen.
Requ en juillet 1985.
Accepte en septembre 1985.
Résumé. Protéines des contenus digestifs chez le porc :composition
de fractions endogènes, bactériennes et fécales.

en

acides aminés

Dans le cadre d’études de digestibilité, il est nécessaire d’estimer la part respective des
fractions exogène, endogène et bactérienne présentes dans les digesta ou les fèces. Pour
les protéines, l’estimation est fondée sur la comparaison des compositions en acides aminés
observées à celles de sources de référence. Le présent travail décrit la composition de protéines endogènes ou microbiennes, pures ou purifiées : méconium d’intestin grêle ou de
côlon de porcelet, fèces de porcelets axéniques ; bactéries isolées de fèces de porcs recevant un régime standard ou purifié, et culture pure d’E. coli. Sont aussi étudiées les compositions de fèces de porcelets monocontaminés, et de fèces de porcs conventionnels pour
les deux types de régimes. A partir des données analytiques (17 acides aminés), on a pro2 et
X
cédé à des comparaisons globales des compositions par.la méthode des distances de
par analyse factorielle des correspondances. Il apparaît que la composition des produits
exclusivement endogènes diffère quelque peu de celle d’échantillons classiquement considérés comme représentatifs de cette fraction (mucus, muqueuse). Enfin, il est confirmé que
les protéines bactériennes constituent la majeure partie des protéines fécales chez des
porcs conventionnels. Mais une estimation rigoureuse est très difficile : celle qui est fondée
sur le dosage de l’acide diamino-pimélique conduit à évaluer à 65 % la proportion de protéines bactériennes ; le calcul de la distance du XZ fournit une estimation de 90 % dans les
mêmes conditions expérimentales.
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