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Van Straalen, W.M., 1995. Modelling of nitrogen flow and excretion in dairy cows. 
In the Netherlands, the dairy husbandry is held responsible for a major part of the N-
pollution of the environment. The objective of this thesis was to develop a model that 
predicts N flow in the animal and N excretion in faeces, urine and milk in order to 
reduce unnecessary N losses. The model was based on the concepts of modern protein 
evaluation systems, using data from nylon bag incubations in the rumen and intestine. 
Protein evaluation systems from different countries were compared and validated using 
experimental data. Different methods to estimate feed protein degradation in the rumen 
and digestion in the small intestine were compared and data of individual feedstuffs 
obtained with the nylon bag methods were collected. Experiments were carried out to 
obtain additional information on the organic matter fermentation and digestion of protein 
in the small intestine of forages, and on the change in amino acid profile of feedstuffs 
during rumen fermentation and small intestinal digestion. The model described the N flow 
in four compartments: rumen, small intestine, large intestine and metabolism. Flows were 
validated with experimental data. Total duodenal flow could be accurately predicted, but 
to predict ileal N flow a negative digestibility coefficient for endogenous protein was 
necessary. The model slightly overestimated faecal and urinary N excretion; milk protein 
production could be accurately predicted. It was concluded that N losses in dairy cows 
can be reduced by balancing the ratio between energy and protein in the rumen and in the 
metabolism, and that more information on endogenous N excretion and digestion in the 
gastrointestinal tract is needed. 

PhD Thesis, Department of Animal Nutrition, Wageningen Agricultural University, 
Marijkeweg 40, 6709 PG, Wageningen, The Netherlands 



^wö^Tol, £ o /P 

STELLINGEN 

1. Nieuwe voederwaarderingssystemen zijn meer gebaat bij een juiste samenhang van 
de onderdelen dan bij een gedetailleerde beschrijving daarvan (dit proefschrift). 

2. Omdat biochemische processen verlopen via de wet van de toe- en afnemende 
meeropbrengst, is het niet juist om normen voor de behoefte aan voedingsstoffen uit 
te drukken in vaste waarden per eenheid produkt (dit proefschrift). 

3. De aanname dat het aminozuurpatroon van darmverteerbaar bestendig eiwit gelijk is 
aan dat van het voedermiddel is een misvatting (dit proefschrift). 

4. Het streven naar een hoge melkproduktie per dier is niet in strijd met het streven 
naar een optimale benutting van de opgenomen DVE (dit proefschrift). 

5. De gebrekkige kennis van de endogene eiwitverliezen in het maagdarmkanaal bij de 
melkkoe bemoeilijkt een goede voorspelling van de stikstof stromen (dit proef
schrift). 

6. Om te komen tot een optimale benutting van stikstof door de melkkoe is voeding op 
basis van individuele aminozuren vereist. 

7. De opvatting dat de fractionele passage- en afbraaksnelheid in de pens onafhankelijk 
van elkaar zijn, is wat celwanden betreft een misvatting. 

8. De doelstelling van voederstrategieèn zal verschuiven van maximale produktie naar 
maximale efficiëntie van de mineralenbenutting. 

9. Een vlakkere lactatiecurve kan veel vruchtbaarheids- en gezondheidsproblemen in het 
begin van de lactatie voorkomen. 

10. De discussie over de standaardisering van de nylon zakjes methode duurt voort totdat 
een goed alternatief voor deze methode voorhanden is. 

11. Het opvoeden van kinderen kan men nooit goed doen, alleen zo goed mogelijk. 

12. Een juist gebruik van make-up beperkt zich tot onderstreping van de natuurlijk 
aanwezige schoonheid. 

W.M. van Straalen 
Modelling of nitrogen flow and excretion in dairy cows 
Wageningen, 8 december 1995. 
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VOORWOORD 

Het in dit proefschrift beschreven onderzoek is uitgevoerd bij het Instituut voor 
Veehouderij en Diergezondheid (ID-DLO) in Lelystad, waar ik als assistent-in-opleiding 
van de Vakgroep Veevoeding van de Landbouwuniversiteit in Wageningen gedetacheerd 
was. Het doel van het onderzoek was om te komen tot een model dat N-stromen in 
melkvee beschrijft, waardoor onnodige N verliezen zouden kunnen worden 
teruggedrongen. Dit model zou de basis vormen voor een nieuw eiwitwaarderingssysteem 
voor herkauwers in de praktijk. In een vroegtijdig stadium werd echter besloten om de 
ontwikkeling van een nieuw systeem ter hand te nemen. Op basis van dit nieuwe systeem 
(het DVE-systeem) is daarna het model voor beschrijving van de N-stromen in melkvee 
verder ontwikkeld. Hiervoor is een uitgebreide set van al bestaande gegevens gebruikt, 
die aangevuld werd met eigen onderzoeksresultaten. Vanaf deze plaats wil ik een woord 
van dank richten aan iedereen die een bijdrage geleverd heeft aan de totstandkoming van 
dit proefschrift. 

Het onderzoek werd begeleid door prof. dr. ir. Seerp Tamminga als promotor en dr. 
Ad van Vuuren als co-promotor. Seerp, jouw stimulerende inbreng, deskundige analyse 
van de proefresultaten en kritische beoordeling van de manuscripten waardeer ik zeer. De 
avondlange discussies over de uitkomsten van de modelberekeningen brachten me steeds 
weer een stap verder. Ad, ik wil je vooral bedanken voor de prettige manier waarop de 
dagelijkse begeleiding plaatsvond, jouw kritische inbreng bij de opzet van de proeven en 
interpretatie van resultaten en minitieuze beoordeling van de manuscripten. Daarnaast heb 
ik veel voordeel gehad van het feit dat je erg handig was met de programmatuur op de 
computer. 

Een belangrijk deel van het onderzoek bestond uit het doen van experimenten. Bij de 
voorbereiding en uitvoering daarvan kon ik bouwen op de instructies en hulp van vele 
medewerkers van het laboratorium en stofwisselingseenheid. Mijn dank gaat hierbij vooral 
uit naar Cees van der Koelen, die mij de details van de nylon zakjes experimenten 
bijgebracht heeft. De verzorging van de proefdieren was in handen van de medewerkers 
van de stofwisselingseenheid onder leiding van Roel Terluin. Daarnaast heb ik bij de 
uitvoering van de proeven hulp gehad van stagiaires, die zich altijd welwillend in de 
wispelturige schema's van incubaties en mest verzamelen hebben ingepast. Carolien Spira, 
Guido Huisman, Fokke Dooper, Wim Mostert en Jarig Jan Odinga, hiervoor mijn dank. 
De analyses van de monsters werden uitgevoerd op het laboratorium onder leiding van 
Leon de Jonge. Iedereen die hierbij geholpen heeft wil ik van harte bedanken. Zowel bij 
het opzetten van de proeven als de statistische analyse achteraf heb ik hulp gekregen van 
Paul Goedhart en Jan Kogut van de Groep Landbouw Wiskunde (GLW-DLO). 

Voor de validatie van de eiwitwaarderingssystemen en de ontwikkeling en validatie van 
het model heb ik gebruik kunnen maken van vele gegevens van eerder uitgevoerde 
proeven van het ID-DLO, de Vakgroep Veevoeding, het CLO-Instituut voor de 
Veevoeding 'De Schothorst' en het Proefstation voor de Rundveehouderij, 
Schapenhouderij en Paardenhouderij (PR). Iedereen die mij hierbij geholpen heeft, wil ik 



daarvoor bedanken. De hulp van Christian Salaün bij de berekeningen stel ik zeer op 
prijs. Verder bedank ik de vele mensen die in een directe of indirecte wijze bijgedragen 
tot het onderzoek en de plezierige tijd die ik bij het ID-DLO gehad heb. 

During my appointment I was able to spend 3 months at the Station de Recherches sur 
la vache Laitière in Rennes, France. I want to thank dr. R. Vérité and his team for the 
instructive and pleasant time, during which I not only learned to judge the value of 
literature data, but also increased my knowledge of the French customs and language. 

De leden van de Werkgroep Nieuw Eiwitwaarderingssysteem Herkauwers (NESH), en 
van de Klankbordgroep NESH wil ik bedanken voor goede samenwerking tijdens de 
ontwikkeling van het DVE-systeem. De snelle praktische toepassing van wetenschappelijk 
onderzoek heb ik gezien als een extra stimulans voor dit onderzoek. 

Het laatste deel van het in dit proefschrift beschreven onderzoek werd uitgevoerd 
gedurende mijn aanstelling bij het CLO-Instituut voor de Veevoeding 'De Schothorst'. 
Hierbij wil ik het bestuur, de directie en medewerkers van De Schothorst van harte 
bedanken voor de mogelijkheden die zij mij geboden hebben om te komen tot een 
succesvolle afronding van dit proefschrift. 

Het onderzoek werd gedeeltelijk gefinancierd door het Financieringsoverleg Mest- en 
Ammoniakonderzoek (FOMA). Het geld voor dit fonds werd beschikbaar gesteld door het 
Ministerie van Landbouw, Natuurbeheer en Visserij en het Produktschap voor Veevoeder 
(PVVr). Ik bedank de leden van de voormalige Werkgroep Mestonderzoek Melkvee 
(WMM) en de Werkgroep Voedingsonderzoek Herkauwers (WVH) van de 
Adviescommissie Veevoedkundig Onderzoek (AVO) voor de begeleiding van het 
onderzoek. 

Het voltooien van een proefschrift is onmogelijk zonder de onvoorwaardelijke steun 
van het thuisfront. Lieve Ingrid, je hebt mij altijd gestimuleerd en samen met Nick de tijd 
gegeven die ik nodig had, zelfs tijdens de drukste perioden. Bedankt. 
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GENERAL INTRODUCTION 
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Dairy husbandry in The Netherlands is characterised by a high production level per 
cow. These production levels are obtained in an intensive production system. During the 
last decades the drawbacks of such an intensive production system became more apparent 
through an increased concern about the environmental effects. The dairy husbandry 
contributes for a large part to the N-pollution to the air and soil water. Emission of 
ammonia contributes to acidification of the soil, and loss of nitrate by leaching and 
surface runoff can result in higher nitrate concentration in soil water (Aarts et al., 1992). 
To reduce the N-pollution, the Dutch government has developed targets for emissions of 
N into air, surface water and soil water to be met in the year 2000 (NMP Plus) and 
subsequently introduced matching rules (Bloem, 1992). Different means to increase N 
efficiency on farm level have been studied, including dietary composition, animal 
housing, manure storage and handling, grazing management and fertilizer application 
(Aarts et al., 1992; Korevaar et al, 1992; De Haan et al., 1994). 

It was estimated that in The Netherlands on average about 20% of total N intake in 
dairy cows was transformed into valuable products as milk and meat, and 80% was 
excreted in urine and faeces (Tamminga, 1992). An increase in this N efficiency by fee
ding can be obtained by closely matching the quantitative and qualitative supply of N in 
the feed with the requirements for N and thus minimizing losses during digestion and 
metabolisation of N. Until 1991 the DCP-system was used in the Netherlands as protein 
evaluation system. This system has however only limited possibilities to increase N 
utilisation. The main reason for this is that it describes the apparent whole tract digestion 
of protein and thus does not take microbial fermentation and synthesis in the rumen into 
account. Moreover, in practice cows were generally fed above DCP requirements. A first 
step to improve N efficiency in dairy cows would be by feeding cows according to this 
requirements, but this may under specific conditions result in a shortage of protein supply 
to the animal and increase the risk for disappointing milk production (Tamminga, 1986). 

Further reduction in N losses without a negative effect on production requires a new 
protein evaluation system that describes the protein digestion and metabolism in more 
detail. The objective of this thesis was therefore to develop a model that predicts the N-
digestion and metabolism and N-excretion with milk, urine and faeces. This model should 
give insight in the possibilities to reduce unnecessary N losses in dairy cows. The 
development of this N-flow model was simultaneously carried out with the development 
of a new protein evaluation system for ruminants in The Netherlands (the DVE-system; 
Tamminga et al., 1994). Because the main aim of the DVE-system was to evaluate 
practical diets, it uses a rather static approach and can not be used to estimate N losses in 
faeces and urine directly. The N-flow model was developed to describe N digestion and 
metabolism in more detail and thus enabling the prediction of N-excretions. 

The protein digestion and metabolism process in ruminants can be summarized as 
follows (0rskov, 1982). Feed protein that is ingested by the dairy cow is subjected to 
microbial fermentation in the rumen, resulting in the production of small N containing 
compounds like peptides, amino acids and ammonia. Together with fermentation of 
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energy sources like carbohydrates, these products are subsequently used for the 
production of microbial biomass. The eventual surplus of ammonia is absorbed by the 
rumen wall and incorporated in urea in the liver. Unfermented feed protein and microbial 
protein flows to the small intestine and is partly hydrolysed to amino acids and peptides 
and absorbed by the intestinal wall. Endogenous protein is secreted in the small intestine 
and partly reabsorbed. Undigested feed, endogenous and microbial protein is further 
partly fermented in the large intestine resulting in production of ammonia and microbial 
biomass, and excreted with the faeces. Absorbed amino acids are utilized with varying 
efficiencies for maintenance, retention of body protein reserves or milk protein 
production. Absorbed N that is not recovered in milk or meat together with the eventual 
surplus of N in the rumen and large intestine is excreted with the urine. A small amount 
of N is lost in skin, hair and hoofs. 

During the last decades many experiments were carried out to study the protein 
degradability and microbial protein synthesis in the rumen, and post rumen digestion of 
feed escaping rumen fermentation using in vivo, in sacco and in vitro techniques. These 
data were used as a basis for the development of new protein evaluation systems (ARC, 
1984; Madsen, 1985; Vérité et al., 1987). Although these systems use a comparable 
approach, protein values and protein requirements differed between systems (Van der 
Honing and Alderman, 1988). This was mainly due to differences in basal data used for 
the development of each system, reflecting the dietary composition in each country. Also 
in The Netherlands data on protein degradability in the rumen and intestinal digestibility 
were available (Tamminga and Ketelaar, 1988; Tamminga et al., 1991). In Chapter 2 the 
mechanisms of protein degradation in the rumen and digestion of escape protein in the 
small intestine, and different methods to estimate these features were reviewed. Tabulated 
values for concentrate ingredients and regression equations for roughages to estimate 
escape protein and small intestine digestibility were established. The DVE-system was 
based on the principles of other modern protein evaluation systems, using the data 
obtained in Chapter 2 (Tamminga et al., 1994). To validate various protein evaluation 
systems under Dutch conditions, a comparison between observed and predicted milk 
protein production was carried out using feeding trial carried out in The Netherlands 
(Chapter 3). This study also revealed that the efficiency by which absorbed protein is 
used for milk production was dependent on the energy to protein ratio available for milk 
production and the production level. This finding was further developed and incorporated 
into the DVE-system (Subnel et al., 1994). 

Under Dutch conditions fresh grass and grass silage are important sources of energy 
and protein for ruminants. Protein in these forages is highly fermentable in the rumen, 
which can result in large N losses in the rumen. The N-fertilization level, season and 
maturity of the sward are among the main factors influencing this degradation (Van 
Vuuren, 1993). A reduction in fertilization level will also result in lower N losses by 
leaching and enables the introduction of clover in the sward. Data on protein degradability 
in the rumen of clover were scarce (Beever et al., 1986). The effects of season and 
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maturity on the degradation of protein in the rumen of intensively N-fertilized grass and 
moderately N-fertilized grass and clover sward were studied in Chapter 4. 

For concentrate ingredients, the digestibility of escape protein in the small intestine as 
used in the DVE-system, was estimated by mobile nylon bag method. However, for 
roughages only limited data with this method were available (Tamminga et al., 1994; 
Chapter 2). The major disadvantage of the mobile nylon bag method is that it is laborious 
and costly, because animals with rumen and duodenal cannula are required. Several 
alternatives for this method were proposed. In Chapter 5 the mobile nylon bag as method 
to estimate intestinal digestibility of crude protein in grass, grass silage and clover was 
evaluated and compared with other methods. Relationships between chemical composition 
of the roughages and results of the mobile nylon bag method were established. 

To increase the efficiency by which absorbed protein is used for milk protein 
production the amino acid composition of this protein may be of importance (Rulquin and 
Vérité, 1993). The supply and the profile of absorbed amino acids can be altered by 
changing the source of escape protein in the diet. The effect of rumen fermentation and 
intestinal digestion on the ratio between amino acid-N and non-protein-N (NPN), and 
amino acid profile is not clear. In Chapter 6 an experiment is reported in which these 
effects were studied for some concentrate feedstuffs and roughages. 

Based on data presented in the Chapters 2 to 6 and additional data from literature and 
unpublished experiments, the N-flow model was developed (Chapter 7). Because protein 
and energy digestion and metabolism interact at several levels, the fate of all components 
of OM in different compartments of the gastrointestinal tract (rumen, small intestine and 
large intestine) was described. Flows of OM and its components from these compartments 
and excretions of N with milk, faeces and urine were predicted and validated against 
experimental data. 

The general discussion (Chapter 8) is focused on the further development of protein 
evaluation. The estimation of the protein value of feedstuffs in the current protein 
evaluation systems requires complex and laborious methods. These methods and 
alternatives are discussed. Another future development is to improve the prediction of N-
excretions with milk, faeces and urine. This includes a more detailed approach of protein 
digestion and metabolism as described in Chapter 7. Protein values of feedstuffs estimated 
by the DVE-system and the N-flow model are compared. Also the possibilities to increase 
the N efficiency of milk protein production in dairy cows by the development of protein 
evaluation inwards individual amino acid evaluation is discussed. Finally, different means 
to reduce N losses in dairy cows by feeding management are discussed. 
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Protein degradation of ruminant diets 

PROTEIN DEGRADATION OF RUMINANT DIETS 

W.M. van Straalen and S. Tamminga 

Introduction 

Feed protein ingested by ruminants is subject to extensive microbial degradation in the 
rumen. Resulting end products like ammonia and/or amino acids are subsequently 
incorporated to a varying extent in microbial biomass. Together with feed protein 
escaping degradation in the rumen, this forms the protein supply of the ruminant. 
Attempts have been made in recent years to bring existing information together in new 
protein evaluation systems for ruminants (INRA, 1978; ARC, 1980, 1984; Madsen, 1985; 
NRC, 1985; Vérité et al. ,1987). The basic concept of these systems is very similar. 
Protein supply is estimated as the amount of protein absorbed from the small intestine, 
which is the sum of feed protein escaping degradation in the rumen and microbial protein 
formed therein and subsequently released to the lower tract, both corrected with an 
appropriate factor for intestinal digestion. This paper will review recently obtained 
information on quantitative aspects of both ruminai and post-ruminal protein digestion in 
ruminants. 

Characterisation of feed protein 

Proteins used in animal nutrition can be classified according to their solubility in water 
(albumins), a salt solution (globulins), alcohol (prolamines) or dilute alkali (glutelins) or 
on the basis of their function in the plant (enzymes, structural protein, storage protein). 
Nitrogen in fresh forages is 70-90% true protein and 10-30% non protein nitrogen 
(Tamminga, 1986). In forages three main groups of proteins occur: fraction 1 leaf protein 
(75% of total leaf protein), fraction 2 leaf protein (25% of leaf protein) and chloroplast 
membrane proteins (Mangan, 1982). Fraction 1 consists mainly of chloroplast enzymes, 
has a high solubility and is rapidly degraded in the rumen. Fraction 2 is a mixture of 
different proteins from chloroplasts and cytoplasm, with an unknown degradation rate. 
Chloroplast membrane proteins (mainly chlorophyll) are insoluble and degraded slowly. A 
small proportion of the proteins is situated in mitochondria and the nucleus for which the 
degradation rate is unknown. Finally some protein is linked to structural carbohydrates in 
the cell walls for which degradation is slow (Mangan, 1982). 

Crude protein in seeds (grains, oil seeds, pulses) is mainly true protein and can be 
present in the husk, the pericarp or the seed itself. In husk and pericarp structural protein 
dominates, whereas in the seed the vast majority of protein (80-90 %) is storage protein 
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in the aleuron layer and in the endosperm (Ensminger and Olentine, 1978). In addition 
enzyme protein is found in the germ. 

With regard to solubility characteristics large differences exist between different seeds 
(Boulter and Derbyshire, 1976). In grain seeds 10-20 % of the protein is in albumins and 
globulins. The remaining 80-90 % is equally distributed between prolamins and glutelins. 
Rice and oats are exceptions in that 70-80 % of the protein is present in glutelins and 
only 5-20 % in prolamins. In legume seeds 85-100 % of the protein is in albumins and 
globulins, none in prolamins and 0-15 % in glutelins. 

Animal protein is usually present in enzymes, membranes, transport proteins (e.g. 
albumins in blood) or muscle (myoglobin). Depending on their origin, proteins in feeds of 
animal origin vary widely in their degradation properties. 

Ruminai degradation of feed protein 

Mechanism of protein degradation in the rumen 

Anaerobic protein degradation in the rumen contains two steps, being hydrolysis of the 
peptide bond by proteases and peptidases (1) and decarboxylation and/or deamination of 
amino acids (2). The first step results in peptides and amino acids, and end products of 
the second step are volatile and branched chain fatty acids (VFA's and BCFA's), C02, 
and NH3. In the rumen deamination is the most important degradative pathway of amino 
acid degradation (Baldwin and Allison, 1983). For a long time proteolysis was assumed to 
be the rate limiting step in the degradation of protein (Tamminga, 1979) but recently 
Chen, Russell and Sniffen (1987) provided evidence that peptide uptake was the rate 
limiting step and that peptides rather than amino acids are the main end products of 
proteolysis. 

Many strains of microorganisms are involved in protein degradation and until recently 
it was thought that no major strain could survive on protein as the only source of energy 
and N (Baldwin and Allison, 1983). Nocek and Russell (1988) however, reported the 
isolation of a Peptostreptococcus with a high proteolytic activity that accounted for 10% 
of total colony counts and was able to grow rapidly on amino acids and peptides as the 
only source. Protozoa play a far less important role in the digestion of feed protein than 
bacteria (Baldwin and Allison, 1983; Nocek and Russell, 1988). 

Measuring degradation in the rumen 

Various methods exist to estimate protein (Nx6.25) degradation in the rumen, both in 
vivo and in vitro. A limitation of the in vivo method is its indirect methodology. 
Undegraded feed N in duodenal digesta is estimated as the difference between total N 
flow and microbial N flow, sometimes corrected for endogenous contaminations. 
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Techniques to measure duodenal digesta flow as well as microbial N have a large error, 
which in the calculations is transferred to undegraded feed N. In vivo measurements 
require animals equipped with duodenal cannulae, either re-entrant or T-piece. In 
re-entrant cannulated animals duodenal N flow can be measured and sampled with 
reasonable accuracy, provided the measuring period is long enough. However, this period 
is often restricted to 24 hours or less and the flow is subsequently corrected for an 
incomplete recovery of an indigestible marker. With T-piece cannulae the use of markers 
is the only way to estimate duodenal flow. An additional source of error may then result 
from samples which are not representative. If this results from a shift in the ratio between 
solids and liquids this can be corrected by reconstituting the samples with the double 
marker technique (Faichney, 1975). If the solids in the sample do not represent the solids 
in duodenal digesta flow this method fails. 

Measuring microbial protein also requires markers. Amino acids, assumed to be 
present in microbes only (diaminopimelic acid, D-alanin, amino-phosphonic acid), or 
nucleic acids are used. Alternatives are radio-active isotopes (15N, 32P, 35S). Estimating 
microbial protein without using markers is possible by comparing the amino acid profile 
in duodenal content with that in microbial protein and feed protein. All methods have 
limitations and their results often do not agree with each other (Siddons, Beever and 
Nolan, 1982; Theurer, 1982; Demeyer and Tamminga, 1987). 

A method to estimate protein degradation in a more direct way is the nylon bag 
incubation technique (Mehrez and 0rskov, 1977). In this method feed samples included in 
nylon bags with a pore size of between 30 and 50 microns are incubated in the rumen for 
various lengths of time yielding a degradation curve from which the rate of degradation 
can be estimated (0rskov and McDonald, 1979). Combining the rate of degradation with 
an appropriate rate of passage yields estimates of the 'effective' protein degradation. This 
method also has a number of weaknesses (Lindberg, 1985; Nocek, 1988). The first 
limitation is that the contents of the bags are not subjected to particle size reduction 
through chewing and rumination and become contaminated with microbial protein 
(Kennedy, Hazlewood and Milligan, 1984; Varvikko and Lindberg, 1985). This results in 
an overestimate of the rumen escape value which for feedstuffs low in protein may be 
quite significant (Nocek and Grant, 1987). A second weakness is the assumption that 
protein washed out of the bags is degraded instantaneously and completely. Recently it 
was demonstrated (Chen, Sniffen and Russell, 1987) that peptide N leaving the rumen 
could account for differences in effective degradation of 3-5 % units. A further 
complication is that the shape of the curve does not always follow the pattern of first 
order kinetics (Kristensen, Moller and Hvelplund, 1983; Nocek and English, 1986). 
Finally no agreement has been reached yet on the most appropriate rate of passage out of 
the rumen. Rate of passage of solids as well as liquids is influenced by level of feed 
intake, but the passage rate of the latter is usually much higher. Rumen clearance of 
solids also depends on the size of the particles and their specific weight (Hooper and 
Welch, 1985). The latter not only depends on the specific weight of the feed itself, but 
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Table 1. Regression equations to estimate rates of passage out of the rumen (from Owens and 
Goetsch, 1986) 

CI RI (RI)2 

Fluid 
Roughage 
Concentrates 

4.12 
0.94 
1.30 

0.77 
1.34 
0.61 

2.32 
1.24 
4.88 1.25 

CI= concentrate DM intake (% of body weight) 
RI = roughage DM intake ( % of body weight) 

Table 2. Protein degradability characteristics of concentrate feedstuffs determined at IVVO 

cp W kd 

Beans 
Horse beans 
Lupin 
Peas 
Hominy feed 
Rice bran 
Wheat middlings 
Beet pulp 
Brewers grain 
Citruspulp 
Corn gluten feed 
Palmkernels 
Soya beans (raw) 
Soya beans (toasted) 
Babassu meal 
Coconut meal 
Cottonseed meal 
Groundnut meal 
Linseed meal 
Nigerseed meal 
Palmkernel meal 
Rapeseed meal 
Ricebran meal 
Soyabeanmeal 
Sunflowerseed meal 
Feathermeal 
Meatmeal 
Alfalfa meal 

26.5 
26.3 
34.2 
25.2 
18.3 
14.4 
18.4 
10.3 
24.9 

7.0 
21.6 
10.4 
40.6 
39.0 
20.2 
21.5 
48.6 
57.0 
33.4 
36.1 
15.1 
36.9 
14.2 
49.5 
37.2 
88.9 
60.4 
16.0 

27.5 
62.8 
25.5 
55.6 
27.9 
32.6 
12.8 
23.8 
4.6 

40.7 
44.9 

8.0 
33.9 
7.4 
3.0 

13.9 
13.4 
22.3 
17.2 
9.4 
8.8 

21.2 
4.3 
6.2 

14.7 
13.3 
36.2 
26,0 

0.8 
0.3 
0.2 
0.0 
1.7 
6.6 
7.2 
6.4 

30.1 
3.3 
5.5 
6.5 
0.0 
0.0 
9.5 
3.2 
1.8 
1.3 
4.1 
5.4 
6.7 
5.9 

17.6 
0.1 
3.3 
9.5 

11.8 
19.9 

8.24 
10.82 
12.87 
8.95 
7.84 
9.40 

13.44 
5.15 
5.09 
5.62 
5.15 
2.39 

10.24 
6.76 
3.35 
3.03 
7.58 
9.39 
5.04 

10.56 
3.47 

13.84 
6.18 
8.25 

14.68 
0.95 
1.66 
5.44 

31 
14 
24 
18 
32 
31 
32 
44 
65 
32 
32 
68 
24 
44 
66 
58 
39 
31 
48 
36 
60 
29 
56 
40 
27 
76 
53 
48 

cp 
W 
U 

= crude protein fraction in dm (%). 
= washable crude protein fraction (%). 
= undigestible crude protein fraction (%). 

B 
degradation rate (%/hour). 
effective bypass protein fraction (%) 
assuming kp = 0.06 (%/hour). 
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also on microbial activity on their surface (Sutherland, 1986). Degree of digestion also 
seems to have an influence. Recently it was demonstrated in dairy cows that undigestible 
material (IADF) was passing out of the rumen at a much faster rate than digestible 
material (Tamminga et al., 1989). 

In the ARC approach (ARC, 1984) passage is restricted to the small particles and rates 
of 0.02 to 0.08 fractions per hour were suggested for different diets and levels of intake. 
In the Nordic and French protein evaluation system for ruminants (Madsen, 1985; Vérité 
et al., 1987) a rate constant of 0.08 and 0.06 is suggested for all diets and all levels of 
intake. In the Cornell Net Carbohydrate/Protein system for evaluating cattle diets, 
concentrate ingredients are classified on the basis of their weight and the assumed rumen 
passage rate at maintenance level of feed intake varies between 1 and 3.5 % per hour. In 
a review Owens and Goetsch (1986) derived regression equations for the passage of fluid, 
roughage particles and concentrate particles. The equations proposed by them are 
summarised in Table 1. 

A number of in vitro methods to estimate protein degradation in the rumen have also 
been developed. Initially N-solubility in rumen fluid was proposed (Wohlt, Sniffen and 
Hoover, 1973). The results varied however with the solvent used (Crooker et al., 1978). 
The method does not give information on rumen degradation characteristics of the non 
soluble part of the protein, which may be quite variable. A further development was 
incubation in vitro with rumen fluid using ammonia or amino acids release as an indicator 
for microbial degradation (Broderick, 1982) or with purified proteolytic enzymes (Pichard 
and Van Soest, 1977). 

Although nylon bag incubations are too complicated and laborious to be used as 
screening method for large numbers of feedstuffs, because of its directness it is felt that 
this technique is at present the most reliable method, provided a standardized procedure is 
used. Presenting results should also be standardized. With nylon bag incubation studies, 
protein in ruminant feeds can be separated in a washable fraction (W), which can be 
washed out of the bags without rumen incubation, an undegradable fraction (U), 
determined with a long term (10 days) rumen incubation and a degradation rate (k,,) for 
the unsoluble degradable fraction (D = 100-W-U), estimated from the degradation curve 
and if relevant a lag period. It is recommended that data be presented in this way (Table 
2). The advantage is that effective degradation or bypass (B) can easily be recalculated in 
case rumen passage rates need adjustment. Figures in Table 2 are based on assumed rate 
of passage of 0.06/hr. 

Effective degradation of protein in feedstuffs 

Data on effective protein degradation of concentrate feedstuffs, determined by nylon 
bag incubations in different laboratories with at least six different feedstuffs each, were 
collected (W.A.G. Veen, unpublished; J. Oskamp, unpublished; 0rskov, 1982; Cronje, 
1983; Shibui et al., 1983; De Boever et al., 1984; Madsen and Hvelplund, 1985; Barrio, 
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Table 3. Mean bypass protein of concentrate feedstuffs obtained from different laboratories, before and after 
correction for laboratory influence 

Feedstuff 

Barley 
Corn 
Oats 
Milo 
Rye 
Wheat 
Beans 
Horse beans 
Lupin 
Peas 
Hominy feed 
Cassava meal 
Rice bran 
Rye middlings 
Wheat middlings 
Wheat bran 
Beetpulp (10-15% sugar) 
Beetpulp (20-25% sugar) 
Brewers grains 
Citrus pulp 
Corn gluten meal 
Corn gluten feed 
Cottonseed 
Linseed 
Rapeseed 
Palmkernels 
Soyabeans (raw) 
Soyabeans (toasted) 
Sunflowerseed 
Babassu meal 
Coconut meal 
Cottonseed meal 
Groundnut meal 
Linseed meal 
Nigerseed meal 
Palmkernel meal 
Rapeseed meal 
Rice bran meal 
Sesamseed meal 
Soyabean meal 
Sunflowerseed meal 
Soya hulls 
Blood meal 
Feather meal 
Fish meal 
Meat meal 
Meat and bone meal 
Alfalfa meal 
Grass meal 

cp 

11 
10 
12 
10 
11 
14 
26 
29 
33 
24 
14 
3 

15 
16 
19 
18 
11 
14 
27 
7 

65 
22 
18 
23 
21 
10 
39 
40 
19 
20 
22 
43 
52 
36 
36 
16 
39 
14 
46 
50 
37 
16 
89 
90 
73 
60 
52 
17 
13 

cp = crude protein content in the dry matter 
n = number of laboratories. 

n 

8 
8 
5 
3 
3 
7 
4 
4 
5 
6 
2 
2 
4 
1 
5 
3 
7 
4 
7 
3 
9 
7 
2 
3 
1 
1 
6 
3 
2 
2 
6 
8 
7 
9 
1 
5 
7 
2 
2 

11 
10 
2 
2 
3 

11 
6 
3 
5 
2 

(%). B 
CV 

B 

28 
58 
19 
58 
19 
23 
32 
18 
14 
20 
48 
32 
31 
42 
24 
25 
49 
43 
67 
37 
75 
24 
22 
28 
13 
68 
19 
41 
8 

76 
60 
44 
21 
40 
36 
61 
29 
53 
28 
36 
23 
53 
79 
80 
57 
51 
44 
44 
35 

îefore 
CV 

32 
24 
42 
11 
26 
26 
42 
40 
52 
28 
47 
20 
48 
-

25 
40 
34 
26 
19 
84 
11 
48 
55 
42 
-
-

50 
55 
10 
18 
23 
25 
50 
33 
-

35 
24 
9 

66 
32 
40 
26 
7 
6 

18 
14 
24 
33 
47 

B 

34 
57 
24 
57 
22 
29 
33 
19 
22 
24 
38 
40 
34 
32 
31 
34 
49 
39 
61 
37 
69 
32 
27 
27 
22 
68 
25 
41 
20 
62 
57 
43 
26 
42 
36 
58 
34 
54 
33 
39 
28 
43 
75 
66 
56 
49 
45 
45 
43 

= effective protein bypass 
= coefficient of variation. 

After 
CV 

12 
21 
36 
10 
34 
25 
6 

27 
25 
24 
24 
26 
6 
-

15 
5 

12 
25 
14 
29 
7 

13 
12 
43 

-
-

16 
11 
11 
10 
7 

11 
13 
16 
-

11 
17 
4 
6 
8 

19 
1 
7 

16 
13 
15 
23 
7 
6 

fraction (%). 
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Goetsch and Owens, 1986, Vérité et al., 1987; Erasmus, Prinsloo and Meissner, 1988; 
Tamminga and Ketelaar, 1988; Susmel et al., 1990). Between laboratories differences 
were substantial, but the sequence of degradation of the feedstuffs was usually very 
similar. Regression equations were calculated between the results in each data set and 
those obtained at I W O with the same ingredients. In this regression analysis the products 
of animal origin were excluded because they usually did not fit the regression equation. R 
squared for the regression equations ranged between 0.63 and 0.96. From these equations 
corrected degradation values were calculated. This reduced the average coefficient of 
variation from 32 % to 16 % (Table 3). 

Protein escape values for roughages, based on nylon bag incubations are limited 
(Filmer, 1982; Cronje, 1983; Madsen and Hvelplund, 1985; Vérité et al., 1987). The 
composition of forages varies much more than that of concentrate feedstuffs and depends 
on species, maturity, fertilization level, season, soil type and weather conditions. 
Degradation of forage protein, using nylon bag incubations was studied extensively in 
our institute. A total of 28 samples of fresh grass (Van Vuuren and Tamminga, 
unpublished observations), 36 samples of grass silage and 10 samples of grass hay 
(Tamminga, Ketelaar and Van Vuuren, 1991; Bosch and De Visser, unpublished 
observations) were studied. Important sources of variation were N content and date of 
harvest for all forage samples. Silages varied also in dry matter content. 

Material was chopped at 1 cm before incubation. Grass samples were incubated in 
grass fed cows, whereas silage samples and hay samples were incubated in cows fed diets 
consisting of hay and concentrates. Measurements were on washable fraction (W), 
undegradable fraction (U) and rate of degradation (kj). For all forages a ruminai passage 
rate of 4.5 % per hour was assumed. 

The results (Table 4) showed significant influences on W, U and k,, in all forages for N 
content, NDF content and day of harvest and for silage an additional influence for dry 
matter content. For fresh grass, grass silage and grass hay an average protein bypass 
value (B) was found of 29, 22 and 42 % at an average N content of 35, 36 and 32 g/kg 
dm respectively. Again significant influences of N content and day of harvest were 
observed for all forages with additionally an influence of dry matter content for silages. 
Estimating protein degradation in corn silage was unsuccessful, because of severe 
contamination of the bag contents with bacteria during the first 24 hours of the 
incubation. From the disappearance of N between 0 and 48 hours it was estimated that the 
proportion escaping degradation in the rumen was close to 25 %, of which almost half 
was undegradable (Tamminga and Ketelaar, 1988). 

Manipulation of protein degradation in the rumen 

As was stated before, protein in ruminant feeds can be characterised as containing an 
undegradable fraction (U), a (slowly) degradable insoluble fraction (D) and a (rapidly) 
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degradable soluble fraction (W). Degradability of feed protein is thus determined by the 

fraction U, degradation by the ratio of the rate of degradation (kj) and the rate of passage 

out of the rumen (kp). 

Manipulation of degradability is restricted to reducing the size of U, manipulation of 

degradation can be achieved both by changing the size of U and by changing the ratio 

kp/k,,. Means to manipulate degradability of individual feedstuffs are changing growing 

conditions (forage) or processing (physical, chemical). Manipulation of degradation is 

possible through the same methods, but additionally feeding management factors are 

important. For mixed diets the same manipulation principles are applicable, but in 

addition protein degradation of the diet can be manipulated by selection of its ingredients 

for a high or a low degradability. 

Table 4. Relationships between degradability characteristics, chemical composition and season of 
harvesting of roughage feedstuffs 

Roughage 

Fresh grass 

Grass silage 

Grass hay 

Y 

U 

k, 
B 

W 
U 

kd 
B 

W 

u 
kd 

B 

a 

10.2 
8.9 

38.6 

81.5 
19.0 
2.5 

19.8 

12.5 
24.2 
5.9 

50.3 

bl=dm 

-0.040 
0.006 

-0.008 
0.031 

b2=cp 

-0.037 
0.027 

-0.080 

-0.066 
0.035 

-0.077 

0.098 
-0.073 
0.007 

-0.110 

b3=day 

0.022 
-0.034 
0.070 

-0.093 
-0.025 

0.071 

-0.033 
0.131 

R2 

0.62 
0.44 
0.73 

0.63 
0.58 
0.43 
0.81 

0.49 
0.81 
0.55 
0.80 

bl = coefficient for dry matter fraction in product (g/kg). 
b2 = coefficient for crude protein fraction (g/kg DM). 
b3 = coefficient days elapsed since 1st of April. 
W = washable crude protein fraction (%). 
U = undigestible crude protein fraction (%). 
kd = degradation rate (%/hour). 
B = effective protein bypass fraction (%). 
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Manipulation of protein degradability 

Research at our institute (Van Vuuren and Tamminga, unpublished observations) 
illustrated that degradability of protein in forages can be influenced by manipulation the 
growing conditions, of which level of N fertilisation, maturity and season are important 
factors. 

A high N fertilization of grasses, mainly consisting of perennial ryegrass, resulted in a 
decreased size of U, hence degradability increases. Increasing stage of maturity had the 
opposite effect as did progression of the season. Similar observations were made for 
silages and grass hays (Tamminga, Ketelaar and Van Vuuren, 1991). Sun drying, leading 
to wilted silage or hay did increase the size of U as well and therefore resulted in a 
decreased degradability. Nocek and Grant (1987) observed a similar tendency for orchard 
grass and timothy, but alfalfa and clover showed an opposite trend. 

During the ensiling process, artificial drying of roughages and processing of seeds, 
protein can be damaged by heat, leading to less soluble protein and probably to an 
increased size of fraction U. Acid detergent insoluble N (ADIN) has been proposed as a 
measure of such damage (Thomas et al., 1982). 

Manipulation of protein degradation 

N fertilization increases crude protein content but also the size of fraction W and the 
rate at which fraction D is degraded in the rumen. This leads to a reduced protein escape 
from the rumen. In grass with a relatively high protein content less protein is bound to 
the structural carbohydrates (Moller, 1985; Tamminga, Ketelaar and Van Vuuren, 1991). 
In nylon bag incubation studies Nocek and Grant (1987) observed large differences in rate 
of protein degradation between grasses (orchard grass, timothy) and legumes (alfalfa, 
clover); N in legumes disappeared at a much faster rate. Tamminga, Ketelaar and Van 
Vuuren (1991) found that when the season progressed the degradation of protein in fresh 
grass and grass silage decreased. However, Beever et al. (1986) in experiments with 
sheep found no difference in protein degradation in vivo between ryegrass and clover and 
season of harvesting. 

Grass silage can be made from freshly cut grass or after wilting. During the wilting 
period plant proteases are active, particularly under moist conditions and a high 
temperature (McDonald, 1982). Changes in the nitrogen fraction as result of the ensiling 
process itself depend on the type of fermentation but can be extensive, resulting in a high 
N-solubility. In a stable silage lactic acid bacteria which have very little proteolytic and 
deamination activity predominate. In an unstable silage Clostridia may proliferate and 
their activity results in severe protein breakdown (McDonald, 1982). Wilting grass before 
ensiling, increases the osmotic pressure and therefore reduces the fermentation of protein 
in the silage (Tamminga, Van Vuuren and Ketelaar, 1991). 
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Protein breakdown in silage can also be reduced by the application of formic acid, 
formaldehyde or a combination of both. Addition of formic acid quickly reduces the pH 
and establishes a stable silage, but has no influence on the protein degradation in the 
rumen (Chamberlain, Thomas and Wait, 1982; McDonald, 1982). Application of 
formaldehyde in grass silage has a sterilizing effect on Clostridia and decreases protein 
degradation in the silage as well as in the rumen through the formation of bonds between 
the formaldehyde and proteins (McDonald, 1982). With fresh forage (lucerne and grass), 
formaldehyde treatment also resulted in a decreased rumen degradation of the protein 
(Beever et al., 1987). 

Due to proteolysis during wilting protein in grass hay has a higher soluble fraction than 
protein in fresh grass. This is more than compensated for by a lower degradation rate as 
well as a higher undegradable fraction, thus a smaller effective degradation (Tamminga 
and Ketelaar, 1988), because of the absence of proteolysis during storage. Grass hay has 
a smaller soluble fraction and degradation rate than grass silage, but a higher 
undegradable fraction, which also results in a higher protein escape (Janicki and Stallings, 
1988; Tamminga, Ketelaar and Van Vuuren, 1991). 

Protein degradation of concentrate feedstuffs can be influenced by processing, which 
normally takes place with cereals and oilseeds and treatment with chemical agents. 
Oilseed extraction reduced protein degradation in the rumen; expelling was more effective 
than solvent extraction (Goetsch and Owens, 1985; Stern, Santos and Satter, 1985; 
Broderick, 1986; Pena, Tagari and Satter, 1986). According to Satter (1986), heat 
treatment increases both the undegradable and undigestible protein fraction and the 
maximum intestinal supply of absorbable protein depends on the time and temperature of 
the treatment. Formaldehyde treatment of soyabean meal and rapeseed meal resulted in an 
increased ruminai escape (Rooke, Brookes and Armstrong, 1983; Crooker et al., 1986). 
Alcohol treatment changes the structure of proteins, leading to a more hydrophobic 
character. This also causes a decreased rumen degradation (Lynch et al., 1987; Van der 
Aar et al., 1984). 

Manipulation of protein degradation can also be achieved by feeding management, like 
changing the ratio, sequence, level and frequency of feeding concentrate and roughage 
(Tamminga, 1979). 

Feeding roughage rich diets generally results in a faster ruminai protein degradation 
than diets rich in concentrates which is probably due to a higher ruminai pH that 
stimulates microbial activity. In concentrate based diets more protein is in small particles, 
which can escape rumen fermentation when fed in large amounts at a time. (Ganev, 
Orskov and Smart, 1979; Owens and Bergen, 1983; Zinn and Owens, 1983). However, 
Tamminga (1981) found no difference in protein escape between diets differing in their 
roughage to concentrates ratio. This would suggest that diets which are broken down 
slowly stay longer in the rumen. Within roughage based diets, protein degradation was 
demonstrated to be higher in animals fed fresh grass than in diets based on hay 
(Tamminga, unpublished observations). This can be due to the proteolytic activity of plant 



Protein degradation of ruminant diets 19 

proteases of fresh grass in addition to the bacterial activity or due to a shift in the 
microbial population in favour of proteolytic bacteria. 

The effect of both frequency of feeding and feed intake level on protein degradation 
seems restricted to concentrate based diets and becomes evident mainly at a high level of 
feed intake. More frequent feeding stabilizes rumen fermentation and increasing the feed 
intake level can increase ruminai passage rate of particles and fluid and alter microbial 
proteolytic activity (Robinson and Tamminga, 1984). 

Feeding concentrate based diets more frequently at a high level of feed intake resulted 
in an increased protein degradation, while with diets consisting mainly of roughages no 
effect was recorded (Tamminga, 1981; Robinson and Sniffen, 1985; McAllan, Lewis and 
Griffith, 1987). Firkins et al. (1986) and Rahnema et al. (1987) found no effect of 
feeding level on protein degradation in experiments with steers. With dairy cows fed 
concentrate based diets, Tamminga, Van der Koelen and Van Vuuren (1979) observed a 
decreased protein degradation with increased feed intake, while Robinson, Sniffen and 
Van Soest (1985) could not detect any effect with roughage based diets. 

The effects of protein content of the diet on the effective protein degradation are 
conflicting. Barney et al. (1981) and Kirkpatrick and Kennelly (1987) showed an 
increased degradation with increasing protein content in the diet, while Forster et al. 
(1983) and Murphy and Kennelly (1987) found no effect. 

Intestinal digestion of protein 

Mechanism of intestinal protein digestion 

Reduction of the degradation of feed protein in the rumen will only be beneficial to the 
animal when protein escaping degradation in the rumen is absorbed from the small 
intestine (SI). Apparent absorption gives an estimate of the amount of protein which 
becomes available for the animal's organs and tissues, true absorption gives an indication 
of the true protein value of the feed. The difference is endogenous protein, which not 
only means a direct protein drain from the animal, but also an indirect loss as its 
replacement needs considerably more protein than is excreted as such. Recently it was 
stated (NRC, 1985) that faecal excretion of endogenous protein was closely related to the 
amount of dry matter excreted in the faeces rather than the dry matter ingested and that 
replacement of the excreted protein would require 1.5 times that amount to be absorbed. 

Although the large intestine is believed not to absorb amino acids, protein escaping 
small intestine digestion can be made valuable for the animal through microbial 
fermentation to NH3, which can be taken up by the large intestine, and subsequently used 
by rumen microorganisms. 
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Measuring intestinal digestion 

Various ways are possible to estimate intestinal digestion, of which the majority are 
only applicable to the mixture of undegraded feed protein, microbial protein and 
endogenous protein. Duodenally cannulated animals, preferably with cannulae in the 
beginning and at the end of the SI, provide information on the apparent absorption of 
intestinal protein. Alternatives are to infuse protein sources in the abomasum or beginning 
of the SI and to measure the increased faecal protein output (Schwarting and Kaufmann, 
1978) or increased ileal protein flow (Hvelplund, 1985). The advantage of such methods 
is that information on the absorption of protein in individual feedstuffs can be obtained. A 
limitation is that infusion is not restricted to protein, but that the feedstuffs also contain 
dry matter other than protein, which causes the release of extra endogenous protein. This 
is likely to result in an underestimation of the true absorption, particularly if the increased 
ileal flow is measured. An alternative method is by regression (Van Brachem et al., 
1985). 

A recently developed method is the mobile nylon bag technique (Sauer, Jorgensen and 
Berzins, 1983). With this method small quantities of feedstuffs are included in small 
nylon bags, incubated in the rumen and, subsequently, introduced into the beginning of 
the small intestine and after passage through the intestinal tract, recovered from the faeces 
or ileum. This technique has a high potential, because the capacity to evaluate individual 
feedstuffs is quite high. In research in dairy cows at IVVO, four bags could be introduced 
in the beginning of the small intestine every 20 minutes over a period of more than 24 
hours, resulting in a daily capacity of up to to 300 bags. 

Intestinal protein digestion of feedstuffs 

The apparent absorption of total amino acid nitrogen (AAN) from the small intestine 
ranges from 65-75% and is higher than the non ammonia nitrogen (NAN) absorption 
(55-70%). It is generally thought that essential amino acids (EAA) are absorbed to a 
greater extent than non essential amino acids (NEAA) but literature data are conflicting 
(Santos, Stern and Satter, 1983; Hvelplund, 1984; Moller, 1985; Stern, Santos and Satter, 
1985). From the regression technique (Van Brachem et al., 1985) it appears that true 
digestion of concentrate ingredients is usually high. This observation was confirmed by 
the results of infusion studies (Schwarting and Kaufmann, 1978; Hvelplund, 1985) as well 
as mobile nylon bag studies (Robinson and Tamminga, 1984; Hvelplund, 1985; De Boer, 
Murphy and Kennelly, 1987). 

Results of intestinal digestion studies on feedstuffs with the mobile nylon bag technique 
were collected from different laboratories (Hvelplund 1985; De Boer, Murphy and 
Kennelly, 1987; Vérité et al., 1987; Tamminga and Ketelaar, 1988) and are presented in 
Table 5. In general, roughages show a much lower intestinal protein digestion than 
concentrate ingredients. This difference probably result from the fact that leaf protein in 
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Table 5. Mean protein digestibility in the small intestine determined by the mobile nylon bag and 
infusion technique of feedstuffs from different laboratories 

Feedstuff 

Barley 
Corn 
Wheat 
Horse beans 
Lupin 
Wheat middlings 
Dried beet pulp 
Brewers grains 
Corn gluten feed 
Corn gluten meal 
Palm kernel 
Rapeseed 
Soyabean (raw) 
Soyabean (toasted) 
Coconut meal 
Corn germ meal 
Cottonseed meal 
Groundnut meal 
Linseed meal 
Palmkernel meal 
Rapeseed meal 
Soyabeanmeal 45 % cp 
Soyabeanmeal 55 % cp 
Soyabean/rapeseed meal 
Sunflowerseed meal 
Soya hulls 
Fish meal 
Meat meal 
Meat and bone meal 

Fresh grass 
Alfalfa 
Alfalfa hay 
Alfalfa silage 
Corn silage 

Mobile nylon bag 
Mean 

90 
97 
94 
91 
98 
79 
89 
93 
89 
99 
56 
50 
88 
84 
92 
91 
87 
97 
88 
82 
79 
99 
98 
97 
91 
68 
92 
72 
65 

63 
73 
64 
85 
74 

CV 

_ 
-
-

4.0 
-

8.5 
-

1.6 
4.0 
1.8 

-
-

11.7 
-

3.1 
-
-

0.3 
2.6 
7.6 
7.3 
0.3 
2.1 

-
4.7 

-
2.2 

-
-

7.2 
6.4 

34.3 
-
~ 

n 

1 
1 
1 
2 
1 
2 
1 
2 
2 
2 
1 
1 
2 
1 
3 
1 
1 
2 
2 
2 
4 
2 
3 
1 
3 
1 
3 
1 
1 

6 
3 
2 
1 
1 

Infusion 
Mean 

85 

82 
90 
83 
54 
78 

84 

71 

87 

CV 

-

19.8 
-

5.1 
-

17.0 

3.6 

8.0 

2.7 

n 

1 

2 
1 
2 
1 
3 

3 

2 

3 

CV = coefficient of variation. = number of laboratories. 
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roughages is already largely degraded in the rumen and the protein escaping is associated 
with cell walls which cannot be digested in the small intestine and only to a small extend 
in the large intestine. In concentrate ingredients protein escaping degradation in the rumen 
is mainly storage protein, not protected by cell walls. 

Data obtained with the infusion technique (Schwarting and Kaufmann, 1978; Kaufmann 
1979; Hvelplund 1985) were consistently lower than the digestibilities obtained by the 
mobile nylon bag technique, probably due to increased endogenous secretions with the 
infusion technique. The mobile nylon bag technique can give overestimation when bags 
are recovered from the faeces because of disappearance of N in the large intestine 
(Hvelplund, 1985; Voigt et al., 1985). In vivo disappearance of NAN and AAN from the 
large intestine ranges between 11 and 34 and from -3 to 37% respectively (Santos, Stern 
and Satter, 1983; Moller, 1985). However for the majority of feedstuffs the fraction of 
protein that has not disappeared in the small intestine is rather small and the 
overestimation limited. 

Manipulation of intestinal digestibility 

The disappearance of protein from the intestine can be decribed by digestibility (1 
minus the undigestible fraction) and digestion (the fraction which has actually 
disappeared). Because of the high potential of the intestine to digest and absorb nitrogen, 
digestion approaches digestibility and therefore the distiction seems rather theoretical. At 
a high level of feed intake difference becomes apparent but remain small. At a high level 
of feed intake Hvelplund (1984) found a decreased apparent N digestion in the small 
intestine and Tamminga and Ketelaar (1988) reported a reduced intestinal digestion 
measured with the mobile nylon bag technique, due to a much shorter transit time. 

Frequency of feeding and level of feed intake can alter the protein escape from the 
rumen. The effect of rumen retention time on intestinal digestion of escaped feed protein 
is variable and depends on the feedstuff (Hvelplund, 1985; Rooke, 1985; Voigt et al., 
1985; De Boer, Murphy and Kennelly, 1987). Results from mobile nylon bag 
experiments from I W O indicate that incubation in the rumen for 6 or 18 hours had no 
significant effect on intestinal digestion. Treatment of feedstuffs with heat or chemical 
agents can reduce protein degradation in the rumen and also intestinal digestion when 
feedstuffs are overprotected. Hvelplund (1984, 1985) showed decreased digestion of 
formaldehyde treated soyabean meal and heat damaged fishmeal and Rooke, Brookes and 
Armstrong (1983) found the same effect with formaldehyde treated soyabean meal and 
rapeseed meal. Heat treatment of whole soyabeans on the other hand resulted in an 
increased small intestine digestion of total N and AAN, which could be due to denaturati-
on of the trypsine inhibitor (Stern, Santos and Satter, 1985). Treatment of roughages with 
formic acid or formaldehyde had no effect on the apparent total tract digestion of the 
protein (Chamberlain, Thomas and Wait, 1982). 
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Conclusion 

Measuring of feed protein escape from the rumen and subsequent digestion in the 
intestine should be standardized. When using nylon bag incubations, protein should 
preferably be descibed by a washable fraction (W), undegradable fraction (U) and a 
degradation rate (kj) of the unsoluble degradable fraction (D = 100-W-U). The 
degradability of protein in feedstuffs is detemined by the fraction U; the actual 
degradation depends on the degradability and the conditions under which degradation 
takes place, which determine the ratio degradation rate/passage rate (kj/kp). When 
measured under standardized conditions protein degradation in both concentrate 
ingredients and roughages is variable. For measurement of the intestinal digestion of 
escape protein the mobile nylon bag technique is at present the most powerfull method. 
Based on limited data, bypass protein from concentrate ingredients has a high 
digestibility; that of roughages is lower and more variable. 
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