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Summary

Mixed concentrates of which the protein degradability varied were fed to sheep
provided with an infusion tube into the abomasum and with cannulas in the cranial
duodenum and terminal ileum. Apparent digestibility in the small intestine of ami-
no acid N varied from 57.0 to 73.2 % and increased with increasing quantities of
protein entering the small intestine. The mean true digestibility in the small intes-
tine was 90.3 %. The apparent and true digestibilities of the individual amino acids
varied considerably. Their mutual relationship is described. The protein leaving the
small intestine consisted for 75 % of endogenous protein (321 mg NAN kg%
day-1).

Introduction

In ruminants, the ingested protein is extensively degraded by the rumen microbes.
Thus protein entering the small intestine consists for the major part of microbial
protein. Also undegraded dietary protein and endogenous protein contribute to in-
testinal protein supply, the proportion of dietary protein increasing with decreasing
protein degradability. The contribution of protozoa to the biomass which becomes
available for digestion in the small intestine is to be considered as well. Although li-
terature data on this subject are quite variable, the general idea is that the quantity
of protozoal proteins entering the small intestine may not be overlooked. Propor-
tions of protozoal N amounting to 20-40 % of microbial N entering the small intes-
tine have been reported (Brandt & Rohr, 1981; Tamminga, 1983).

The nutritive value of dietary N for ruminants is determined by the quantity of
amino acids absorbed from the small intestine. Of common ruminant feedstuffs the
dietary protein escaping rumen fermentation is often assumed to be well digestible
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in the small intestine, provided that they are not excessively protected by chemical
or heat treatment. Digestibility may be increased by rumen incubation (Robinson
& Tamminga, 1984). The proportion of dietary protein entering the small intestine
under the present experimental conditions is given by van Bruchem et al. (1985b).
Some recent papers are available on the digestibility of microbial N in the small in-
testine (Tas et al., 1981; Storm et al., 1983). In ruminants, the abomasal acid condi-
tions are extended throughout the upper part of the small intestine. Nevertheless an
excessive protein digestion capacity seems to be available. Hence the extent of pro-
tein digestion is mainly determined by protein digestibility, the major part of this
process being completed in the cranial half of the small intestine (Ben Ghedalia et
al., 1974; van Bruchem et al., 1983).

Protein leaving the ileum contains a considerable quantity of endogenous
protein. This is probably not a result of its lower succeptibility to digestion but of the
restricted time interval the endogenous proteins originating from the caudal part of
the small intestine are subjected to proteolysis (van Bruchem et al., 1984). The
present paper describes the apparent and true digestibility of N and amino acids in
the small intestine. The quantity and composition of the ileal endogenous protein
fraction were determined by regression analysis. It is also shown how apparent and
true digestibility are mutually related.

Materials and methods

The experiments were conducted with two Texel wethers fitted with an infusion
tube into the abomasum and cannulas into the cranial duodenum and terminal ile-
um.

With groundnut expeller (GE), potato protein (PP), dried breweries grains (BG)
and peas (PE) as the main protein sources concentrate mixtures were composed of
which the rumen protein degradability varied. GE and PP were fed at a higher (2)
and lower (1) protein level, BG and PE only at the lower (1) level. The composition
of the concentrates and the experimental design were as given by van Bruchem et
al. (1985a). The experiments were conducted, samples analysed and data statistic-
ally handled as described in detail by van Bruchem et al. (1985b).

Student T values for testing significances can be calculated dividing contrasts be-
tween rations by SEM x V2 (df = 29).

Results

The quantity of amino acids and N ingested and entering the small intestine as re-
lated to the amount and nature of the dietary protein source under the present ex-
perimental conditions were as reported by van Bruchem et al. (1985b). The same
parameters in ileum and faeces are given in Tables 1 and 2, respectively. In Table 3
per individual ration the apparent digestibility of N and the individual amino acids is
presented. The apparent digestibilities were quite low, probably caused by the ileal
endogenous protein fraction being relatively important at the applied levels of daily
N intake of 0.76-1.60 g N/kg*. The true digestibility of N and the individual amino
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acids was determined by linear regression, relating the amounts passing at the ter-
minal ileum (Y) to those at the cranial duodenum (X). The true digestibility in the
small intestine (1-b) and the ileal endogenous loss (a) of N and the individual amino
acids were estimated according to the model:

Y=a+bX

For this approach, variability of duodenal and ileal passage rates of N and amino
acids is a prerequisite. For this purpose all intestinal passage rates after feeding the
different rations were used. Since even with less easily degradable proteins still the
major part of the protein entering the small intestine is of microbial origin, the fig-
ures obtained refer predominantly to microbial protein. Of these pooled data the
apparent and true digestibilities are given in Table 4. In this table the amount and
composition of the ileal endogenous protein is presented as well. It appeared that
the protein (TAA) passing in the terminal ileum consisted on average for 73.4 % of
protein of endogenous origin. For NAN and a-NH,-N these values were 74.0 and
71.9 %, respectively. In consequence, the amino acid profile (AAP) of ileal protein
relative to that of the protein entering the small intestine is determined for 26.6 %
by the AAP of the undigested residue of the duodenal protein and for 73.4 % by the

Table 4. Mean true (TD) and apparent digestibility (AD) (%) in the small intestine and ileal endogenous
flow (IEF) of amino acids, NAN and a-NH,-N, with SE in parentheses.

D AD IEF (umol/h)
Cys 85.3(5.18) 45.7(2.14) 139( 20.2)
Asp 83.9(2.19) 61.8 (1.10) 881 ( 96.8)
Met 94.7(1.89) 72.4(1.15) 131( 12.8)
Tre 91.5(2.22) 58.6 (1.44) 773 ( 58.4)
Ser 90.0 (2.38) 57.4(1.46) 808 ( 65.5)
Glu 93.5(3.14) 60.7 (1.42) 1238 (128.0)
Pro 90.2 (1.81) 57.8(1.70) 554 ( 36.3)
Gly 85.6 (2.84) 56.8(1.22) 979 (104.9)
Ala 91.7(2.85) 57.7(1.29) 1164 (104.9)
Val 89.7(1.81) 62.7(1.26) 732( 55.5)
Ile 89.9 (1.62) 68.1(0.98) 439 ( 36.6)
Leu 92.7 (1.60) 66.3 (1.25) 768 ( 53.8)
Tyr 92.0(2.10) 56.1(1.59) 479 ( 31.6)
Phe 91.1(1.52) 68.3(1.12) 328( 25.3)
Lys 90.1(2.08) 67.8 (1.05) 508 ( 52.2)
His 89.2(2.56) 61.3(1.27) 197 ( 20.0)
Arg 96.9 (2.06) 69.2 (1.20) 345 ( 28.5)
EAA! 91.5(1.78) 64.4 (1.21) 4865 (359.6)
NEAA! 88.8 (2.46) 59.0(1.29) 5608 (507.5)
TAA! 90.3 (2.10) 61.7(1.25) 10530 (856.5)
NAN 88.5(3.27) 54.0 (1.59) 288 ( 29.9)2
a-NH,-N 90.8 (3.72) 56.7(1.76) 222 ( 26.5)

I EAA, essential amino acids; NEAA, non-essential amino acids; TAA, total amino acids.
2 In mg/h.

290 Neth. J. agric. Sci. 33 (1985)



DIGESTION OF PROTEINS OF VARYING DEGRADABILITY IN SHEEP. 3

Table 5. The overall ratio’s of amino acid contents in the duodenal protein residue passing in the ileum
(R1), in ileal endogenous protein (R2) and in ileal total protein (R3) relative to the amino acid contents
in duodenal protein.

R1 R2 R3
Cys 1.48 1.39 1.41
Asp 1.63 0.78 1.01
Met 0.54 0.77 0.70
Tre 0.86 1.15 1.07
Ser 1.01 1.15 1.11
Glu 0.66 1.17 1.03
Pro 0.99 1.10 1.07
Gly 1.46 1.02 1.14
Ala 0.84 1.22 1.12
Val 1.04 0.94 0.97
Ile 1.02 0.76 0.83
Leu 0.74 0.91 0.86
Tyr 0.81 1.25 1.13
Phe 0.90 0.78 0.81
Lys 1.00 0.79 0.84
His 1.09 0.98 1.02
Arg 0.31 0.97 0.80
I1(%) ®Asp I2(%)
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Fig. 1. The amino acid profiles (mol/100 mol of total amino acid) of the duodenal protein residue passing
in the ileum (I1) and of ileal endogenous protein (12) as related to that of the protein entering the small
intestine (D).
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Fig. 2. (a) The ratios of the amino acid contents in the duodenal protein residue passing in the ileum (R1).
and ileal endogenous protein (R2) as contributing to those in ileal total protein (R3) relative to the ami-
no acid contents in duodenal protein. (b) The amino acid profile (mol/100 mol of total amino acid) of ile-
al protein (I3) as related to that of the protein entering the small intestine (D).

AAP of the ileal endogenous protein. The AAPs of both ileal protein fractions and
of ileal total protein, relative to the AAP of duodenal protein, are presented in
Table 5. In this table, R3 represents the relative AAP of ileal total protein. R3 can
also be derived from R1 and R2 as 0.266R1 + 0.734R2.

The AAPs of the ileal protein fractions relative to that of duodenal protein are
presented graphically in Fig. 1. In these plots amino acids with R values below unity
are located below the line of identity. Of amino acids with R values exceeding unity
the opposite is the case.

Of each individual amino acid the apparent digestibility is determined by its true
digestibility and by its content in ileal endogenous protein. This is graphically pre-
sented in the histogram of Fig. 2, showing for example that the lower apparent di-
gestibility of cysteine (R3 = 1.41) is caused by a lower true digestibility (R1 = 1.48)
and a relatively high content in ileal endogenous protein (R2 = 1.39). The moder-
ate apparent digestibility of aspartic acid (R3 = 1.01) is a result of a lower true di-
gestibility compensated by the relatively low content in endogenous protein. Fi-
nally, for example, the relatively high apparent digestibility of isoleucine appears to
result from a low content in endogenous protein, whereas that of arginine is a result
of an extremely high true digestibility.

Discussion

Both in sheep and cows, apparent digestibilities (AD) of the individual amino acids
in general slightly higher than 70 % have been reported. The present experiments
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gave in general lower digestibilities, especially with lower quantities of protein en-
tering the small intestine. With an increasing amount of protein reaching the duode-
num, a situation more comparable to that in dairy cattle, a normal AD was ob-
tained. This indicates that the quantity of endogenous protein produced does not in-
crease proportionally to the small intestinal protein flow. AD of amino acid N
(TAA) showed to be higher than that of NAN, in line with the results of Coelho da
Silva et al. (1972a, b). The present results indicate that a-NH,-N according to van
Slijke overestimate the quantity of amino acid N passing into the small intestine as
can be deduced from the ileal data given in Table 1 and from the duodenal data as
reported by van Bruchem et al. (1985b). AD of a-NH,-N was higher than of NAN
but lower than of TAA.

Proteins which were less easily degraded in the forestomachs (PP and BG)
showed to be well digestible in the small intestine. This is in line with the results ob-
tained with small nylon bags, incubated in the rumen of cows, and then introduced
into the duodenum and collected from the faeces (S. Tamminga, personal commu-
nication).

Among amino acids, AD differed highly significantly, being lowest for cysteine
and highest for methionine. In general, the order of the results obtained was quite
in line with literature data on cattle and sheep (Coelho da Silva, 1972a, b; Arm-
strong & Hutton, 1975; Tamminga, 1980). Among data available in literature some
remarkable differences can be noticed. For example, Armstrong & Hutton (1975)
found the highest AD for cysteine, whereas this amino acid in general, including
our results, is least apparently digestible. In comparison with the data of Coelho da
Silva (1972a, b), we obtained a relatively higher AD for phenylalanine but a lower
one for tyrosine.

Whether the AD values obtained are determined by true digestibility (TD) or by
the ileal endogenous loss of the individual amino acids could be determined by the
linear regression method as was also applied by Tas et al. (1981) and Storm et al.
(1983). The results presented in Table 4 en Fig. 2 present the interrelationship be-
tween AD and TD, demonstrating that a relatively high AD does not necessarily
coincide with a high TD. For example, of aspartate and glutamate the ADs are of
the same order but the TDs differ considerably. Cysteine, however, shows a low
TD as well, whereas on the other hand both the methionine and arginine highest
AD values coincide with the highest TD values.

The present experiments showed a higher true digestibility of TAA in compari-
son with the data obtained by Storm et al. (1983) after intra-abomasal infusion of
microbial protein. The order of our TD values, however, is quite comparable.
Slight relative positive deviations were obtained for cysteine, proline and histidine
and relatively negative ones for aspartate, glycine, phenylalanine and lysine.

The quantity of endogenous protein leaving the ileum found in the present exper-
iments differed quite considerable from that reported by Storm et al. (1983). They
reported an ileal endogenous loss of N of 37 mg N/kg*. Based on a live weight of 60
kg, we obtained a daily quantity of 321 mg NAN/kg*, a value which agrees with
that obtained by van Bruchem et al. (1985c¢) after infusion of non-microbial prote-
ins into the abomasum. The extreme difference between our results and that of
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Storm et al. (1983) must be caused by the low quantity of dry matter passing in the
small intestine in their infusion experiments. Schwarting & Kaufmann (1978) calcu-
lated an ileal flow of endogenous protein of 26 g per kg dry matter intake. This fig-
ure was based on a TD of 85 %. With a TD of 90 %, this figure should have been
32.5 g delivering 241 mg N/kg* daily based on a live weight of the sheep of 60 kg.
This figure is slightly lower than ours, but certainly also considerably higher than
that obtained by Storm et al. (1983). Our ileal endogenous protein fraction showed
a different amino acid profile as well. On a molar basis ileal endogenous protein
contained higher fractions of cysteine, proline and histidine but considerably lower
fractions of glutamate, alanine, tyrosine and lysine. This indicates that possibly the
different fractions contributing to endogenous protein are affected in different
ways by the passage of dry matter.

In sheep, it has been established that the overall apparent protein digestibility is
consistently higher than in cattle, both fed at maintenance level (Schiemann et al.,
1971). The present experiments showed indeed a high protein digestive capacity in
the small intestine. It is difficult to judge whether this difference is caused by a low-
er protein digestive capacity in the small intestine of cattle. This cannot be deduced
from the figures on apparent digestibility given by Tamminga (1980), since these
depend on the quantity of protein passing through the small intestine as well.
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