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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. Degradation of dietary protein in the rumen and 
synthesis of microbial protein were estimated based on diaminopimelic acid 
(DAPA) and amino acid profiles. Slight differences were found between these 
methods. The extent of protein degradation in the rumen was almost independent 
of dietary protein content but varied with the nature of the diet. Degradability de­
creased in the order: groundnut expeller and peas, breweries grains, potato prote­
in. 

Introduction 

In ruminants, the ingested feed is subjected to an extensive microbial degradation 
in the forestomachs. Dietary protein is degraded for the major part and instead mi­
crobial protein is synthesized. The extent of degradation of dietary protein depends 
on both the degradability of the protein and the time interval the feed is retained in 
the forestomachs (Tamminga, 1983). 

In general, intestinal protein supply is increasing with decreasing degradability of 
the dietary protein. This is caused by an increased quantity of dietary protein escap­
ing rumen fermentation under conditions that microbial protein synthesis in the ru­
men is not affected negatively. Some findings even suggest that with less easily de-
gradable rations the efficiency of microbial protein synthesis is increased, as long as 
rumen-degradable energy and protein are not limiting for microbial growth (Miller, 
1982). 
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The susceptibility of protein to degradation in the rumen is determined by its na­
ture and solubility (Wohlt et al., 1976). In general, an increasing solubility coin­
cides with an increasing rate of degradation in the rumen. Protein degradability 
may also be decreased by technological treatment. Structural differences caused 
either by disulphide bridges or cross-linking of the protein are probably important 
determinants of degradability (Nugent & Mangan, 1978; Mahadevan et al., 1980). 

The main protein sources contributing to intestinal protein supply are microbial 
protein, undegraded dietary protein and endogenous protein. In general, in vivo 
the undegraded dietary protein fraction is estimated by determining the microbial 
protein fraction. In the present experiments diaminopimelic acid (DAPA) was used 
as a marker. It has been shown that different markers may give different results 
(Siddons et al., 1982) and besides the estimation of the undegraded dietary protein 
is less accurate since the quantity of endogenous protein entering the small intestine 
cannot be estimated reliably. 

For this reason in the present experiments, the quantity of dietary protein escap­
ing rumen degradation was estimated by two other methods as well, by the regres­
sion method of Hvelplund et al. (1976) and based on the amino acid profiles of di­
etary, microbial and duodenal proteins. 

In recent years, determination of the degradability of proteins with the nylon bag 
method of Mehrez & 0rskov (1977) became increasingly popular. Extrapolation of 
such in sacco degradabilities to the extent of degradation in vivo is not easy, among 
other factors because of the great variability of the data obtained so far. Therefore 
the estimation of the degradability of different protein sources in vivo offered with 
the diet remains necessary. 

The present experiments were conducted with sheep. In quantitative terms pro­
tein degradability in sheep may differ from that obtained in high producing dairy 
cattle but in a qualitative sense rumen fermentation in cattle and sheep have much 
in common. This allows us to apply the results obtained with sheep to rank the pro­
teins according to their rumen degradability. 

Materials and methods 

Two mature Texel wethers with a live weight of about 60 kg were equipped with a 
permanent silastic infusion tube (3 mm i.d.) into the abomasal fundus and with T-
shaped hard plastic cannulas (12 mm i.d.) into the cranial duodenum and into the 
terminal ileum. 

The details of the experimental conditions are described by van Bruchem et al. 
(1985). With groundnut expeller (GE), potato protein (PP), dried breweries grains 
(BG) and peas (PE) as the main protein sources concentrate mixtures were com­
posed 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. (1985). 

The sheep were adapted to the rations for a preliminary period of 3 weeks. The 
passage rate of digesta in the small intestine was determined with Cr-EDTA, pre­
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pared as described by Binnerts et al. (1968). Starting 24 h before the beginning of 
the sampling period, 20 ml/h of an aqueous solution containing 0.86 g Cr/1 were in­
fused continuously into the abomasum. The passage rate of digesta was calculated 
as the quotient of the Cr infusion rate and the Cr concentration in the digesta super­
natant fraction (Christ UJ3, 2000 g, 15 min) and subsequent correction for the dry 
matter content of the digesta. 

Samples of the duodenal and ileal contents were collected for 3 weekly experi­
mental periods of 3 consecutive days. Per day every hour samples of about 10 g 
were taken between 08h00 and 16h00. Samples were pooled per week and per sam­
pling site and stored at-20 °C. 

In these samples the following parameters were measured: 
- dry matter content by drying to constant weight at 101 °C; 
- N by the Kjeldahl method with K2S04 and HgO as catalysts; 
- a-NH2-N according to the method described by van Slijke et al. (1941); 
- ammonia after the method of Berthelot with phenol and hypochlorite. The ex­
tinction of the resulting blue colour was estimated at 623 nm with a Perkin Elmer 
55E spectrophotometer; 
- DAPA and the individual amino acids with a Biotronic LC2000 automatic amino 
acid analyser. The test sample was hydrolysed with HCl 6 mol/1 at 110 °C for 22 h. 
The sulphur-containing amino acids methionine and cystine were determined as 
methionine sulphone and cysteic acid respectively, after performic acid oxidation 
(Moore, 1963); 
- Cr after proper dilution with an atomic absorption spectrometer (Perkin Elmer 
360) at 357.9 nm, following the method of standard addition. 

From samples collected from the ventral rumen sac (van Bruchem et al., 1985) 
and the cranial duodenum, microbes were isolated by differential centrifugation 
(550-70 000 g) with a MSE superspeed 65 centrifuge at 4 °C. The pellet was washed 
twice with buffer solution according to the method described by Meyer et al. 
(1967). After freeze-drying the individual amino acids, including DAPA, were esti­
mated in acid hydrolysates and N according to the micro Kjeldahl method. 

The data were analysed statistically by a two-sample analysis of variance, taking 
into consideration differences between sheep. Student T values for testing signifi­
cances can be calculated dividing contrasts between rations by SEM x V2~ 
(df. = 29). 

Results 

The rates of passage in the cranial duodenum of organic matter (OM), non-ammo­
nia N (NAN), a-NH2-N and NH3-N are given in Table 1. With potato protein (PP) 
and breweries grains (BG) relative high passage rates of protein were obtained. 
NHj-N was highest with groundnut expeller (GE) and peas (PE) containing the 
more easily degradable proteins, corresponding with the ammonia levels in the ru­
men. Of the microbes isolated from the rumen (van Bruchem et al., 1985) and duo­
denum scanning electron micrographs are presented in Fig. 1. The duodenal micro­
bes looked smaller and more shrivelled in comparison with the rumen microbes. It 
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Table 1. Duodenal flow (g/h) of organic matter (OM), non-ammonia N (NAN), a-NH2-N and NH3-N, 
and extent of degradation (%) of dietary N (D) and efficiency of microbial N synthesis (E) in the rumen 
of sheep fed rations differing in protein degradability. (Mean values with their standard error.) 

GE (2) PP (2) GE (1) PP(1) PE (1) BG (1) SEM 

OM 12.0 16.1 13.8 13.5 12.8 18.2 0.71 
NAN 0.77 1.30 0.78 0.89 0.68 0.87 0.048 
a-NH2-N 0.59 1.01 0.62 0.70 0.53 0.67 0.038 
NHj-N 0.088 0.061 0.042 0.029 0.040 0.034 0.0030 

DAPAD 85.9 57.0 83.3 54.3 82.2 60.5 4.11 
E' 20.3 29.3 26.4 21.4 22.2 29.1 2.60 

AAP D 97.1 48.7 85.2 50.3 96.5 80.6 3.52 
E1 25.4 25.0 26.7 20.4 23.5 36.0 2.12 

1 g microbial N/kg OM truly digested. 

Table 2. Amino acid profile (expressed as substance fraction in total amino acid, mol/100 mol) N content 
and DAPA-N/N ratio of microbes isolated from duodenal digesta. 

GE (2) PP (2) GE (1) PP(1) PE (1) BG (1) SEM 

Asp 11.15 11.40 10.91 11.08 10.94 10.66 0.043 
Tre 6.31 6.42 6.21 6.25 6.16 6.11 0.042 
Ser 6.11 6.33 6.19 6.40 6.25 6.37 0.065 
Glu 11.09 10.74 11.26 11.01 11.08 11.31 0.100 
Pro 3.98 3.98 4.01 3.77 3.98 4.87 0.101 
Gly 9.67 9.46 9.89 9.67 9.86 9.11 0.179 
Ala 10.67 10.37 10.34 10.49 10.38 10.07 0.094 
Val 7.47 7.36 7.21 7.31 7.36 7.36 0.062 
Ile 5.87 5.85 5.90 5.92 5.94 5.87 0.036 
Leu 7.74 7.88 7.77 7.82 7.67 7.91 0.038 
Tyr 4.23 4.34 4.29 4.44 4.35 4.23 0.041 
Phe 3.98 4.15 4.11 4.14 4.10 4.33 0.032 
Lys 6.31 6.43 6.35 6.32 6.45 6.03 0.079 
His 1.69 1.69 1.77 1.71 1.71 1.82 0.018 
Arg 3.73 3.60 3.79 3.66 3.76 3.90 0.034 

N (% in DM) 7.75 8.34 7.62 7.77 7.46 7.07 0.156 

DAPA-N/N (%) 0.64 0.59 0.69 0.73 0.69 0.56 0.049 

seemed that of the duodenal microbes a part of the cytoplasmic matter was lost as 
was also shown by Mathers & Miller (1980) with rumen microbes after incubation 
with pepsin and hydrochloric acid. 

Of the duodenal microbes the amino acid profiles, excluding the S-containing 
amino acids and tryptophane, are presented in Table 2. They showed slight though 
significant variations. Also the N content and the DAPA-N/N ratio varied slightly 
with the rations. After correcting the duodenal flow of NAN for an endogenous 
contribution of 2.5 g N per kg dry matter ingested (Siddons et al., 1982), the unde-
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Fig. 1. Scanning electron micrographs of bacteria isolated from rumen fluid (top) and duodenal digesta 
(bottom), isolated by fractionated centrifugation (x 20 000). The dark spotted background is the grid on 
which the bacteria were isolated. The crystalline material contains buffer salt. 
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graded dietary N was estimated from the difference between the flow of total NAN 
and microbial N, the latter being estimated with DAPA as a marker. The extent of 
degradation of dietary N in the rumen is given in Table 1. PP and BG showed lower 
degradabilities without a significant effect on the efficiency of microbial protein 
synthesis, calculated as the quantity of microbial N passing in the duodenum per kg 
OM truly fermented in the rumen. Microbial OM was estimated for this purpose as 
N x 6.25 x 1.57 (McAllen & Smith, 1969). 
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Fig. 2. The amino acid profiles of duodenal (D) protein relative to those of dietary (R) and duodenal mi­
crobial (M) protein after feeding GE (1) and PP (1). The broken lines represent the line of identity. 
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The proportion of microbial protein in duodenal digesta was also estimated based 
on amino acid profiles (AAP). Dietary and microbial proteins (Tables 3 and 4) 
were mixed by a computerized iterative procedure in such proportions that the 
computed AAP matched best to the actual AAP of duodenal protein. This was test­
ed by minimizing the objective function: 

17 
actual)  

AA = 1 

The resulting degradabilities and efficiencies of microbial protein synthesis are pre­
sented in Table 1. PP and GE were supplied at two levels of N intake. Based on the 
ratio of duodenal NAN to dietary N (y) the extent of degradation of these proteins 
was also estimated by regression according to Hvelplund et al. (1976). In the re­
gression equation of the form: 

y = a + b (1/x) 
a represents the proportion of dietary N entering the small intestine undegraded, b 
the amount of microbial N synthesized per kg dry matter (DM) ingested and x the N 
content of the ration (g N/kg DM). For GE and PP a values were obtained of-0.04 
(SE = 0.10) and 0.60 (SE = 0.16), respectively. For b the results were 24.5 
(SE = 2.6) and 13.1 (SE = 4.6). 

The degradabilities obtained varied with the method applied. In comparison with 
GE and PE, PP and BG were less easily degradable. Thus with GE and PE, the du­
odenal AAP was closely related to the microbial AAP. Especially with PP a more 
close relationship was found to the dietary AAP. This is examplified for GE (1) and 
PP (1) in Fig. 2. 

Discussion 

Protein flow to the ruminant small intestine depends on the degradability of the di­
etary protein and the efficiency of microbial protein synthesis in the rumen. The ex­
tent of degradation is determined by degradability and the time interval the prote­
ins are subjected to rumen fermentation. Under the present experimental condi­
tions (van Bruchem et al., 1985) the less easily degradable rations PP and BG were 
retained in the forestomachs slightly longer. Dilution rates of the liquid phase 
amounted to about 0.10 h_1. The insoluble proteins are retained in the particulate 
phase of which the rate of emptying is considerably lower, under the present experi­
mental conditions probably not higher than 0.03 h_1 (van Bruchem et al., 1984). 
This explains why the extent of protein degradation was hardly related to the N con­
tent of the rations. Assuming no major effects on retention time of the feed parti­
cles in the rumen, the variability of dietary protein degradation is primarily deter­
mined by dietary protein degradability. With the protein sources applied degrada­
bility showed to increase with increasing solubility determined according to Wohlt 
et al. (1973) as given by van Bruchem et al. (1985). The order of degradation found 
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in the present experiments was in line with that determined with nylon bags in the 
rumen of cattle (S. Tamminga, personal communication). 

In the present experiments sheep were fed at maintenance level and the ration 
was supplied in six portions over the day. Relatively to dairy cows, the lower level 
of feeding and in consequence a lower rate of emptying of the particulate phase 
from the reticulorumen will coincide with a higher extent of degradation of dietary 
protein. Also the increased frequency of feeding causes a smaller proportion of di­
etary protein to escape microbial degration in the rumen (Tamminga, 1981). Thus 
the degradability figures obtained under the present experimental conditions may 
be applied ranking the proteins according to their rumen degradability. In quantita­
tive terms, however, the extent of protein degradation in the rumen of dairy cows 
may be lower and possibly the differences in degradability greater (0rskov & Mc­
Donald, 1979). 

With increasing extent of protein degradation the DAPA method produced low­
er estimates relative to our AAP method. This phenomenon that DAPA may lead 
to lower estimates of microbial protein is well known from literature (Ling & But­
tery, 1978; Tamminga, 1981). This has been attributed to the absence of DAPA in 
protozoa. In contrast to this, Siddons et al. (1982) obtained with DAPA higher esti­
mates of microbial protein in comparison with 35S and 15N as markers or based on 
the AAP method of Evans et al. (1975). 

The present AAP method used does not take into account the quantity and com­
position of the duodenal endogenous protein fraction. This fraction probably 
amounts to about 10 % of the protein passing in the duodenum, which allows no ac­
curate determination and its AAP is certainly not that of bovine pepsinogen as sug­
gested by Evans et al. (1975). Probably the major part originates from desqua­
mated epithelial cells and mucus. 

A prerequisite for an accurate determination of the quantity of dietary protein 
escaping rumen fermentation by the AAP method is that the amino acid profiles of 
dietary and microbial proteins are appreciably different. For this reason we ex­
pressed our AAP on a molar basis, since then greater differences of the AAPs are 
obtained in comparison with AAPs expressed on a w/w basis. In contrast to the 
DAPA method it discriminated between GE (2) and GE (1). This difference is 
probably real because in the GE (1) ration sugar-beet and citrus pulp contribute rel­
atively more to the dietary protein. Of both protein sources the degradability is con­
siderably lower in comparison with GE protein (S. Tamminga, W. A. G. Veen, per­
sonal communication). With the present AAP method and with the present rations 
the estimates of protein degradability were least variable. In this sense the least ac­
curate estimates were obtained with the regression method of Hvelplund et al. 
(1976). Unfortunately, it is difficult to judge whether the more accurate estimates 
resulting from our AAP method are also more reliable, since under certain condi­
tions it has been shown that the AAP of the undegraded dietary protein residue 
may differ from that of the degraded proportion (MacGregor et al., 1978). 

The efficiencies of microbial protein synthesis, obtained under the present exper­
imental conditions, were of a magnitude comparable to those cited in literature 
(Czerkawski, 1978). It has been suggested that the efficiency of microbial protein 
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synthesis should decrease with increasing degradability of the ration, caused by a 
less steady availability of substrates for fermentation. This was not confirmed by 
the present results, probably because the frequent feeding regimen through a more 
stabilized fermentation caused easily degradable proteins to be transformed into 
microbial protein quite efficiently as well. With less frequent feeding, spillage of en­
ergy and protein possibly plays a more significant role. 
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