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STELLINGEN 

1. Dc bcstc waarborg voor een zo gunstig mogelijke eiu'itvoorziening van 

melkkoeien is ecn maximale energieopnamc. 

Dit proefschrift. 

2. I let vcrbeteren van de eiwitvoorzicning van herkauwcrs door middel van 

chemische stoffcn die selectief dc proteolyse in dc pens remmen biedt 

weinig perspectief. 

5. De opvatting dat de in de voomiagen van herkauwers werkelijk verteerde 

organische stof een betere maat is voor de voor microbiele groei beschik-

baar komende ATP dan de in deze voomiagen schijnbaar verteerde organische 

stof, berust op onjuiste veronderstellingen. 

Nutrition requirements for farm livestock (1980) 
Commonwealth Agricultural Bureau, Slough, p. 125. 

4. De gunstigc invloed van tegen afbraak in dc voorraagen beschermd ciwit 

op de vruchtbaarheid van melkvee is onvoldoende bewezen. 

Hagemeister, H. , Lupping, W. en Kaufmann, W. (1980) 
In: Recent advances in animal nutrition, Butterworth, 
London, pp. 67-97. 

5. De verblijfsduur van krachtvoer in de voomiagen van melkkoeien wordt 

vaak onderschat omdat ten onrechte wordt aangenomen dat de passage-

snclheid van krachtvoerdeeltjes door de voomiagen die van vloeistof 

benadert. 

Bull, L.S., Rumpler, W.V., Sweeney, T.F. en 
Zinn, R.A. (1979) Fed. Proc. 38: 2713-2719. 

6. De opvatting dat meer dan 8° vet in rantsoenen voor melkvee de ruwe 

eclstof vertcring vermindert hceft geen algcmenc geldigheid. 

Rohr, K., Daenicke, R. en Oslage, H.J. (1978) 
Landbauforsch. Volkenrode, 28: 139-150. 
Honing, Y. v.d., Wieman, B.J., Steg, A. en 
Donselaar, B. v. (1981) 
Neth. J. Agric. Sci., 29: 79-92. 

XA; 



7. Er wordt doorgaans te weinig aandacht geschonken aan minder gewenste 

neveneffecten die optreden bij het gebruik van farmaceutische stoffen 

om het fermentatieproces in de pens te beinvloeden. 

Chalupa, W. (1980) 
In: Digestive Physiology and metabolism in 
ruminants. MTP Press Ltd., Lancaster, 
pp. 325-348. 

8. Recombinant DNA technieken zullen in industriele fermentatieprocessen 

wel, maar in de pensfermentatic niet leiden tot belangrijke efficientie-

verbeteringen. 

9. Verhoging van het linolzuurgehalte van melk- en zuivelprodukten door 

menging met meervoudig onverzadigde vetzuren, als zodanig of in de 

vorm van vetten, verdient de voorkeur boven het voeren van melkvee 

met tegen verzadiging in de voormagen beschermde meervoudig onver

zadigde vetzuren. 

10. De vertering in de dikke darm is bij het Nederlandse vleesvarken meer 

van wetenschappelijk dan van praktisch belang. 

11. Een juiste voeding van hoogproduktief melkvee wordt bemoeilijkt door, 

als selectiecriterium voor fokstieren, gebruik te maken van 100 dagen 

lijsten. 

12. Embryo-transplantatie kan een bijdrage leveren om bij onderzoekingen 

met herkauwers met een niet genetisch doel, waarbij een vergelijking 

binnen dieren niet mogelijk is, de tussen-dier-variatie te verminde-

ren. 

13. Voorspellingen over de snelheid waarmee informatiemedia door computer-

systemen zullen worden vervangen zijn vaak te optimistisch omdat ze 

onvoldoende rekening houden met de weerstand die bij vele gebruikers 

tegen dergelijke vernieuwingen bestaat. 

Evans, C. (1981) 
Het micromillenium, Kluwer, Deventer; 
Soc. Ec. Magazine, Utrecht. 



14. De vaak ongenuanccerde en nict zclden suggestieve berichtgeving over 

de aanwezigheid van schadelijke stoffen in ons vocdselpakket is scha-

delijker voor de geestelijke gezondheid van veel mensen dan de aan

wezigheid van deze stoffen zelf voor hun lichamelijke gezondheid. 

S. Tamminga 
Nitrogen and amino acid metabolism in dairy cows. 
Wageningen, 25 november 1981. 
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INTRODUCTION 

Domesticated animals have served mankind for thousands of years. Producti

vity of these animals requires an adequate feeding. The feeding strategy of 

domesticated animals is gradually changing towards diets composed of ingre

dients which are less suitable as human food, making animal production less 

competitive with human nutrition. In this respect ruminants such as sheep 

and dairy cows have a high potential, due to a symbiosis with micro-organisms 

in their forestomachs. Probably because of this symbiosis the digestive tract 

of ruminants has developed into the present very complicated shape. 

To advantageously exploit the full potential of ruminants as non-competitive 

food producers for mankind, a detailed knowledge of their digestive system is 

required. This is particularly true in the case of dairy cows, because of their 

relatively high production intensity. 

Information on the digestive process in ruminants seems abundant. The vast 

majority of this information unfortunately concerns sheep fed according to or 

slightly above their maintenance requirements. Information on dairy cows, 

lactating animals in particular, is very scarce. It is believed that in quali

tative terms the digestive process in lactating dairy cows is very similar to 

that in sheep. However in quantitative terms the situation may differ substant

ially between an animal fed according to its maintenance requirement and an 

animal fed 3 or even 4 times its maintenance requirement, as is often the case 

in a high producing dairy cow. 

The first limiting nutrient in animal feeding is usually energy. Energy 

metabolism in dairy cows has been studied extensively and due to this a large 

number of feeding problems associated with energy metabolism could be solved. 

This is also illustrated by the recent introduction of a new energy evaluating 

system for dairy cows in The Netherlands and other European countries. 

With respect to protein, usually regarded as the most important nutrient 

next to energy, many problems still remain, or even new problems may arise. 

This is because on the one hand certain aspects of the digestion process in 

dairy cows are still poorly understood and on the other because of the intro

duction of new types of feeds and diets in the feeding of dairy cows. 

The aim of the studies of this thesis was to collect more information on 



the protein digestion process in ruminants, both by surveying the literature 

and from own experiments. Several aspects were studied and discussed. 

In order to follow the protein digestion process, access to the digestive 

tract at other sites than before (feed) and after (faeces) this tract is 

necessary. Therefore surgically modified animals were needed for these studies. 

From the research point of view the best way to surgically modify the experi

mental animals would be the insertion of a rumen fistula and of two pairs of 

re-entrant cannulae, one pair at the beginning of the small intestine, imme

diately after the pyloris and a second pair at the end of the small intestine. 

It was however realized that maintaining such animals would be very difficult. 

Besides the insertion of cannulae immediately behind the pyloris requires a 

perforation through the skin between rather than posterior to the ribs which 

may cause excessive growth of cartillage and eventually block the cannulae. 

As a compromise experiments were done with animals fitted with a rumen fistula 

and one pair of re-entrant cannulae at the beginning of the small intestine 

although not immediately after the pyloris but just beyond the exit of the 

pancreatic and biliary duct. 

Two important aspects of protein metabolism in ruminants, the microbial 

degradation of dietary protein in the forestomachs and microbial protein 

synthesis are discussed in chapter 1 and 2 respectively. The following chap

ters 3 to 8 report on various factors which may influence the intestinal pro

tein supply of dairy cows. The possible influence of the dietary protein source 

is discussed in chapter 3. The chapters 4 and 5 deal with the possibilities 

of increasing the intestinal protein supply in dairy cows by processing the 

roughage part of the diet. Chapter 6 deals with the possible influence of 

varying the roughage/concentrate ratio. Two more factors which may influence 

the intestinal protein supply in dairy cows are discussed, the level of feed 

intake in chapter 7 and the frequency of feeding in chapter 8. The last three 

chapters are of a more concluding nature. In chapter 9 methods to manipulate 

the amino acid supply of dairy cows are reviewed. In chapter 10 the concept of 

amino acid requirements of dairy cows is discussed. Finally in chapter 11 a 

general discussion tries to integrate the various findings and an attempt is 

made to formulate some practical recommendations for the feeding of ruminants 

with special regard to the protein feeding of high yielding dairy cows. 

The experimental results presented in this thesis cover a research period 

of about 10 years, during which certain scientific views changed, reason why 

the results in the various chapters, most of which were published in journals, 



are not always presented in the same way. 

First of all the attitude towards the use of indigestible markers in re

search as described in this thesis changed. In some of the earlier chapters 

digestion results were corrected if the recovery of the marker used was in

complete. Comparing the digestive results obtained in surgically modified 

animals with those obtained in normal animals showed that corrections for an 

incomplete recovery of markers was not necessary. The results obtained in 

later years were therefore presented without any correction. 

The way in which microbial protein synthesis is expressed also shows a 

development. In the first years of the research, microbial protein synthesis 

was related to organic matter disappeared between intake and duodenal flow. 

In later years it was thought to be more appropriate to relate microbial pro

tein synthesis to carbohydrates disappeared rather than organic matter dis

appeared. Reasons for this are given in chapter 2. 

Amino acid compositions are presented in various chapters. Various ways 

are possible to do this. In our research it was important to know what propor

tion of the total N was present in amino acids. Amino acids were therefore 

expressed in amino acid N as proportion or percentage of total N and not in 

g amino acid per 16 g of N, a more often used way of expressing amino acid 

compositions. 

With respect to the sequence of the chapters, a compromise had to be found 

between the sequence in time during which the different papers were published 

and a logically composed thesis. The last was considered more important, 

reason why the various chapters are not in the order in which they were 

published. 

The nature of the research reported in this thesis requires cooperation 

in a team. Otherwise it would hardly be possible to perform such experiments. 

As a result some of the chapters in this thesis were published together with 

others. Chapter 4 and 7 were published together with one or two members of the 

team which carried through the research. My contribution in this chapter 

was to initiate and plan the experiments, to take part in the execution of the 

experiments, to collect and process the data, to draw the conclucions and to 

write the report. The chapters 9 and 10 were published together with Dr. J.D. 

Oldham from the National Institute for Research in Dairying (Reading, G.B.), 

as a result of an invitation by the chief editor of Livestock Production 

Science. Writing of chapter 9 was largely done by Dr. Oldham, but a substantial 

part of the data used in this chapter, particularly those used for table 1 



and figure 1, result from our research at the Institute for Livestock Fee

ding and Nutrition Research. Chapter 10 was mainly written by myself. 

In some chapters mean results rather than the results of individual animals 

are given. In order not to lose the possibility for others to use the results 

for certain calculations, the results on intake, apparent digestion and 

apparent digestion in the stomachs of organic matter and nitrogen of all in

dividual experiments are given in an appendix. In this appendix also referen

ce is made in which chapter(s) the individual results are used. 



PROTEIN DEGRADATION IN THE FORESTOMACHS 
OF RUMINANTS1 

S. Tamminga 

Research Institute for Livestock Feeding and 
Nutrition "Hoorn", Lelystad, The Netherlands 

Summary 

Dietary protein ingested by ruminant 
animals is extensively degraded by microorgan
isms inhabiting their forestomachs. Mechanism 
of microbial breakdown of dietary protein is 
very complicated and not yet entirely under
stood. Experimental results, both in vitro and 
in vivo show a varying degradation of dietary 
protein, with differences in degradation between 
individual amino acids.-Part of this variation, 
particularly in vivo, must be attributed to 
inadequate measuring techniques. Among other 
factors influencing degradation are nature and 
solubility of dietary protein, rate of passage of 
digesta through the forestomachs and level of 
feed intake. 

Decreasing the extent of degradation of 
dietary protein c"-\ be achieved in various ways. 
Two possibilities include formulation of diets 
from ingredients with low protein solubility 
and chemical treatment of the dietary protein, 
for instance, with formaldehyde. Under present 
feeding regimens this seems profitable only if 
level of animal production is high (early lacta
tion, fast growing young animals). Protection 
may result in an inadequate supply of nitrogen 
or even amino acids for microbial growth in the 
forestomachs. Shortage of N can easily be 
overcome by addition of some nonprotein 
nitrogen such as urea to the diet, provided that 
the energy supply to the microbes is not a 
limiting factor as well. 

(Key Words: Amino Acids, Microbial Activity, 
Nitrogen, Protein Degradation, Protein Protec
tion, Rumen.) 

Introduction 

Protein metabolism in digestive tracts of 

Presented during the 1978 ASAS-ADSA meetings 
held at Michigan State University, East Lansing, as 
part of the Ruminant Nutrition Symposium on "Quan
titative Aspects of Nitrogen Metabolism in the Rumen". 

ruminants has received much attention in past 
decades. Numerous research activities have 
been devoted to the subject and various aspects 
of it have been reviewed in recent years (Chalupa, 
1975 ; Hogan, 1975; Kaufmann and Hagemeister, 
1975; Satter and Roffler, 1975; Smith, 1975; 
Armstrong, 1976; Tamminga and Van Helle-
mond, 1977). Results of research activities have 
led to the conclusion that protein evaluating 
systems presently in use in most countries have 
some limitations in predicting the real protein 
value of a feed component in ruminant feeding. 
It must be emphasized, however, that these 
systems have served their purpose adequately 
for a long time and in many countries still do. 
Because present systems may cause overfeeding 
of protein, improvements in the efficient 
utilization of nutrients for animal protein 
production seem possible. But higher animal 
production levels, introduction of new feeds 
and application of more sophisticated research 
techniques have resulted in the development of 
new protein evaluating systems in various 
countries (Hagemeister and Kaufmann, 1974; 
Burroughs et al., 1975a,b; Roy et al, 1977; 
Jarrige et al, 1978). These new systems take 
into account the physiological and biochemical 
principles of the complicated digestive system 
in ruminants, of which much has been learned 
in recent years. All of these systems at tempt to 
quantify the protein absorbed from the small 
intestine as a measure of protein supply to the 
animal's tissues. 

Although principles of most of these new 
systems are similar, some of the factors used in 
quantifying calculations differ considerably 
(Waldo, 1978). A main factor in all these 
systems is the quantity of microbial protein 
synthesized in the forestomachs of ruminants as 
a result of microbial fermentation. This process 
of fermentation involves a growing microbial 
population with a concomitant formation 
of biomass including microbial protein. This 
biomass proceeds to the lower parts of the 

JOURNAL OF ANIMAL SCIENCE, Vol. 49, No. 6. 1979 
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digestive tract and contributes to the protein 
supply of the ruminant animal. This aspect of 
nitrogen (N) metabolism in the digestive tract 
of ruminants will be dealt with in one of the 
other papers of this symposium (Smith, 1979). 

Fermentation in the forestomachs also 
involves degradation of ingested feed, including 
protein. This results in a varying proportion 
of ingested protein escaping microbial break
down and entering the small intestine, where it 
contributes to the protein supply of the animal. 
The proportion of feed protein escaping micro
bial breakdown is therefore also an important 
factor in these new protein evaluating systems. 

The main objective of this paper will be to 
discuss protein degradation in the forestomachs 
of ruminants, with particular reference to dairy 
cows. Attention will be paid to the mechanism 
of microbial protein degradation, to methods 
for measuring microbial protein breakdown in 
the forestomachs, to factors influencing this 
breakdown and to implications of the preceding 
items for practical feeding. 

Mechanism of Microbial Breakdown of 
Dietary Protein in the Forestomachs 

Dietary protein entering the forestomachs is 
often extensively degraded by both bacteria 
and protozoa. This degradation involves two 
steps. Initially the protein chain is b roken. 
by hydrolysis of peptide bonds (proteolysis), 
resulting in peptides and amino acids. It. is 
uncertain which of the two processes (proteol
ysis or ammo acid degradation) is the rate 
limiting step. Based on the increased levels of 
free amino acids appearing in the rumen shortly 
after feeding (Demeijer, 1976) it has been 
proposed that proteolysis is not the rate limiting 
s tep; recently it was postulated however (Nugent 
and Mangan, 1978) that proteolysis is the rate 
limiting step. 

Proteolysis and deamination were both 
found to be affected by pH, but experimental 
results are conflicting. The optimum pH for 
both proteolysis and deamination has been 
reported to be between 6 and 7 (Blackburn and 
Hobson, I 960 ; Henderickx, 1962; Lewis and 
Emery, 1962). In vitro experiments showed pH 
maxima for ammonia production at 4 .5, 5.6, 
6.7 and 7.7 (Henderickx and Demeijer, 1967). 
In other reports it was stated that deamination 
by rumen bacteria becomes negligible below pH 
4.5 (Lewis and Emery, 1962), whereas at a pH 
higher than 7.2 deamination also stopped 
(Chalmers, 1969). It may be concluded that 

under most nutritional circumstances pH in the 
rumen will allow an extensive breakdown of 
dietary protein. 

Mechanism of protein degradation differs 
somewhat between bacteria and protozoa. With 
bacteria the protein chain is broken into 
smaller parts by hydrolysis of some or all of its 
peptide bonds. This process takes place outside 
the bacterial cell. Resulting peptides and 
amino acids are transported inside the bacterial 
cells and peptides are hydrolysed further to 
amino acids. The amino acids in turn are ei
ther incorporated into bacterial protein or 
degraded to volatile fatty acids (VFA), ammonia 
(NH3) , carbon dioxide (C0 2 ) , methane (CH4) 
and some fermentation heat. End products of 
this degradation are excreted back into the 
surrounding medium. 

The role of protozoa is not well documen
ted. Protozoa are capable of engulfing small 
feed particles and bacteria (Coleman, 1975) 
and proteolysis of dietary protein takes place 
inside the protozoal cell. If the resulting amino 
acids are not incorporated into protozoal 
protein they are often excreted into the sur
rounding medium rather than being degraded 
further (Coleman, 1975). 

The reason that microorganisms in the 
forestomachs hydrolyze dietary protein and 
further degrade its amino acids is not well 
understood. It seems plausible that degradation 
of protein is necessary to provide microbes with 
required precursors for their own protein 
synthesis, either ammonia and presumably 
a-keto acids or even intact amino acids. However, 
degradation is often in excess of these require
ments. This observation is probably because 
degradation of amino acids yields energy (ATP) 
which can be utilized by microbes for their 
synthetic processes. At least one strain of 
rumen bacteria requires amino acids as a source 
of energy (Prins, 1977). 

Under anaerobic conditions, such as found 
in the rumen, the energy extractable from 
degradation of protein is very limited. In mam
mals the synthesis of one peptide bond requires 
4 to 6 moles of ATP (Campbell, 1977) and 
because of the more rapid turnover of RNA 
in bacteria their requirement may be even 
higher. Formation of 1 mole of terminal 
pyrophosphate bonds in ATP at body tempera
ture requires at least 12 kcal (Armstrong, 
1969), whereas hydrolysis of peptide bonds 
yields only 3 kcal of free energy per mole 
(Baldwin, 1968). Consequently, proteolysis 
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cannot yield ATP. Important biochemical 
reaction mechanisms in the further degradation 
of amino acids by microbes are deaminations, 
transaminations and decarboxylations (De-
meijer, 1976; Prins, 1977). Under normal 
conditions decarboxylation of amino acids to 
yield amines does not seem to be an important 
way of amino acid degradation, but may 
become significant under acid conditions (Prins, 
1977). The most important degradative pathway 
for amino acid degradation is thought to be 
deamination of the amino acid, followed by 
decarboxylation of the resulting a-keto acid 
(Demeijer, 1976; Prins, 1977). From the latter 
reaction a yield of 1 ATP per decarboxylation is 
firmly established; in the other reaction mecha
nisms yield of ATP is absent or uncertain. 
Reduced cofactors are formed, concomitant 
with some of the degradative pathways and 
their reoxidation with a simultaneous formation 
of propionate, methane and possibly butyrate 
will yield some additional ATP (Demeijer, 
1976; Prins, 1977). 

Although most end products of degradation 
of amino acids are known (Henderickx, 1973), 
not much is known about stoichiometric 
relationships of this degradation. Estimates of 
the ATP yield of fermentation of protein in the 
forestomachs are therefore far from accurate 
and have only limited value. Such an estimate 
was made for the degradation of casein, by 
assuming that all its amino acids were deami-
nated, followed by decarboxylation of the 
resulting a-keto acids, yielding 1 mole of ATP 
per mole of amino acids fermented and assuming 
an additional yield of 1 'mole of ATP per mole 
of propionate or methane generated. In vitro 
experiments on fermentation of casein were 
performed by Demeijer (1976), and it was 
shown that .43 moles of amino acids in casein 
yielded .14 moles of propionate and .09 moles 
of methane. Casein contains some .85 moles of 
amino acids per 100 g and fermentation of 100 
g of casein would therefore yield 1.3 moles of 
ATP (.85 due to decarboxylation of a-keto 
acids, .27 from formation of propionate and 
.18 from formation of methane). This is con
siderably less than the generally accepted 
minimal yield of 4 to 5 moles of ATP per mole 
of hexose or hexose equivalent (=162 g of 
polysaccharide) fermented in the rumen (Prins, 
1977). 

A further reason for degradation of excess 
amino acids by rumen bacteria may be the lack 
of mechanisms to transport amino acids from 

the cytoplasm across the cell wall into the 
surrounding medium. It has been found that 
some strains of rumen bacteria require NH 3 , 
even if amino acids are present in their growth 
medium. One of these is the strain Bacteriodes 
ruminicola, which, however, can utilize peptides 
from the growth medium (Pittman et al, 
1967), suggesting a lack of transport systems 
for individual amino acids across the cell 
wall. In order to excrete excess amino acids, 
they would need to be degraded first. 

Measuring the Degradation of Dietary 
Protein. Various methods, both in vitro and in 
vivo, have been developed for measuring the 
degradation of dietary protein in the foresto
machs of ruminants. 

In vitro methods are generally based on 
either the release of ammonia after incubation 
with rumen liquor, or on the estimate of the 
proportion of N which goes into solution after 
incubation at body temperature for a fixed 
time. With respect to the latter method, vari
ous solutions have been applied as an incubation 
medium, such as diluted NaOH (Lyman et al, 
1953), artificial saliva (Tagari et al, 1962; 
Wohlt et al, 1973), autoclaved rumen fluid 
(Wohlt et al, 1973), diluted solution of pepsin 
in .1 N H O (Beever et al, 1977) and water at 
various temperatures (Mertens, 1977). The 
various methods have been discussed (Mertens, 
1977; Waldo, 1978) and incubation with 
artificial saliva at body temperature was 
considered the most attractive. A complication 
of this method is the presence of N containing 
salts in the incubation mixture, causing high 
blank values. 

Studying protein degradation by ammonia 
release after incubation with rumen liquor has 
the disadvantage of microbial growth occur
ring simultaneously with protein degradation. 
Because of this growth, part of the released 
ammonia may become incorporated into 
microbial protein. A general limitation of all in 
vitro methods is that, although they may yield 
a value for degradability, they do not yield 
data representing actual degradation in vivo. 
Attempts were made to overcome this problem 
by studying the kinetics of protein degradation 
resulting in a measure of degradation rate 
(Broderick, 1978). Combining this rate with the 
rumen liquor turnover rate may yield figures 
that give an estimate of degradation close to the 
actual degradation in vivo. 

Measurements in vivo are usually performed 
with surgically prepared animals, equipped with 

7 
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cannulae in the abomasum or small intestine. 
With such animals undegraded dietary protein 
can be estimated as the difference between 
total and microbial protein entering the abo
masum or small intestine, after estimating 
microbial protein. The latter can be estimated 
by use of specific markers such as nucleic acids, 
diaminopimelic acid (DAPA), aminoethylene-
phosphonic acid (EAP) or one of the radioiso
topes 3 5 S , 3 2 P or 1 5 N (Clarke, 1977). Estima 
ting undegraded dietary protein by regression 
calculation techniques also seems possible 
(Jarrige et al, 1978; Hvelplund et al, 1976). 
Accuracy of measuring the flow of total protein 
and microbial protein entering the abomasum 
or small intestine is limited. The measuring 
techniques are laborious and, as a consequence, 
abomasal or duodenal flow measurements are 
often restricted to a period of 24 hours. To 
achieve meaningful results the flow of digesta 
usually needs correcting. For this purpose 
indigestible markers such as chromium oxide 
are applied with the feed or directly in the 
rumen and the abomasal or duodenal digesta 
flow corrected by dividing it by the proportion 
recovery of the marker. Reducing the variation 
due to nonsteady state conditions seems 
possible by frequent feeding, but makes the 
results less meaningful for practical conditions. 
Therefore, estimates of the proportion of 
dietary protein escaping microbial degradation 
in the forestomachs are subject to high error. 
Analytical techniques involved also have limited 
accuracy. Moreover, different methods often 
yield different results (Harmeyer et al, 1976; 
Ling and Buttery, 1978; Tamminga, 1978). 
Finally the metabolic functions of the markers 
applied to estimate microbial protein makes 
interpretation of results difficult (Demeijer and 
Van Nevel, 1976; Hagemeister, 1975; Nikolic, 
1977 ;Van Nevel and Demeijer, 1977). 

Improving accuracy of experimental results 
seems possible by increasing the number of 
experimental animals. To achieve an accuracy 
of estimating the proportion of undegraded 
dietary protein under standard conditions with 
5% would require 10 to 12 animals (Miller, 
1978). Because the experimental techniques 
involved are very laborious, difficulties arise in 
handling such numbers of animals, particu
larly if large ruminants such as lactating cows 
are used. It must be stressed, however, that 
systematic errors in measuring or analytical 
techniques cannot be eliminated by increasing 
the number of animals. 

Recently a new technique was proposed by 
Mehrez and Orskov (1977). In this method a 
direct measurement of protein degradation 
is achieved by incubating a sample of the 
feedstuff enclosed in a dacron bag directly in 
the rumen. An important advantage of such a 
method is that it yields a direct estimate of 
protein degradation, not biased by inaccuracies 
of the estimate of microbial protein. By sus
pending a number of bags with the same sample 
in the rumen and removing them after different 
times of incubation, an estimate of both 
the rate and extent of protein degradation can 
be obtained (Mathers et al, 1977; Mehrez and 
Orskov, 1977). It is questionable, however, if 
rate of disappearance of protein from the 
dacron bag represents rate of degradation, 
because soluble protein may be washed out 
without actually being degraded (Mohamed and 
Smith, 1977). Moreover, protein in the dacron 
bag is not entirely subjected to the dynamic 
system characteristic of digestive metabolism in 
the ruminant animal. This problem may be 
overcome to a certain extent by estimating 
protein degradation at the moment when 90% 
of the truly digestible organic matter has 
disappeared from the dacron bag, thus simula
ting the in vivo situation in the normally fed 
animal (Orskov, 1977). 

Factors Influencing Protein Degradation in 
the Forestomachs. The degradation of dietary 
protein in the forestomachs of ruminants 
is influenced by a number of factors, some of 
which are related to diet, others to the animal. 
An important dietary factor seems to be 
solubility of the protein, which is usually 
measured in artificial saliva at body temperature 
(37 or 38 C). Apart from solubility, structural 
differences to a certain extent caused by 
disulphide bridges and crosslinking of the 
protein, may be important determinants of 
degradability (Nugent and Mangan, 1978). 

Solubility of feed protein is partly determined 
by the relative amount of soluble albumins and 
globulins on the one hand and the less soluble 
prolamins and glutelins on the other. Feeds 
whose major protein fractions are albumins and 
globulins have a higher protein solubility than 
feeds containing mainly prolamins and glutelins 
in thefr protein (Wohlt et al., 1976). An influ
ence of pH on protein solubility has also been 
reported (Isaacs and Owens, 1972). Solubility 
of feed protein is further affected by treatments 
during manufacturing, both of forages and of 
concentrates. 
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With forages the main treatments for con
servation are haymaking, silage making and 
artificial drying. Forage conservation always 
starts with cutting. If the next step is drying in 
the field, which is required for making hay or 
wilted silage, plant proteases become active and 
N-solubility increases (Sullivan, 1973). 

Depending on weather conditions, a larger or 
smaller part of the soluble N may be washed 
out, leaving a less soluble N-containing residue. 
If, on the other hand, the freshly cut grass is 
used directly for artificial drying, activity of 
plant proteases is limited and because of the 
heat treatment involved, part of the protein will 
become denatured, resulting in low N-solubility. 
In silage making part of the carbohydrates and 
proteins will be degraded due to fermentation 
(McDonald and Whittenbury, 1973). The N-con
taining end products of the fermented protein 
will then be found in the soluble fraction. 
Substantial increases in N-solubility may be the 
result, particularly if a Clostridium-type of 
fermentation takes place, with the production 
of substantial amounts of butyric acid. However, 
other important differences are possible because 
of the varying influence of weather conditions 
during the field period and the type of fermen
tation within the silage as is shown in table 1. 
With respect to this table it should be realized 
that part of the variation may be the result of 
differences in technical procedures among 
various laboratories. Although solubility is an 
important determinant of protein degradation 
in the rumen, both characteristics are not 

identical. Attempts have been made to relate 
degradation of dietary N in the forestomachs in 
vivo to N-solubility measured in artificial saliva 
in vitro. Mertens (1977) proposed that in vivo 
all of the soluble N is degraded, and 40 to 50% 
of the insoluble N is degraded in the rumen. 
Based on multiple regression calculations in 
which intestinal flow of protein was related to 
digestible organic matter and insoluble dietary 
protein, it was calculated that 65% of the 
insoluble dietary protein escapes microbial 
degradation (Jarrige et at., 1978). However, 
degradation of dietary protein is not entirely 
determined by characteristics of the feedstuff. 
In addition, some factors related to the animal 
are important. 

Under practical feeding conditions the 
extent of protein breakdown in the rumen may
be considered as a function of rate of proteoly
sis and rumen retention time. The latter is 
influenced by particle size of dietary ingredients 
and level of feed intake (Balch and Campling, 
1965; Church, 1970; Hungate, 1966). The 
effect of level of feed intake on protein break
down in the forestomachs of dairy cows was 
studied in our laboratory with animals equipped 
with re-entrant cannulae in the small intestine 
(Tamminga et al, 1979b). Three animals were 
fed mixed diets of long meadow hay and concen
trates with three different levels of protein at 
two levels of feed intake, approximately 
2 and 3.3 times their energetic maintenance 
requirement, respectively. The concentrates 
were composed of a number of ingredients and 

TABLE 1. N-SOLUBILITIES (%} OF GRASS PRODUCTS CONSERVED IN VARIOUS WAYS 
AS FOUND IN VARIOUS LABORATORIES 

Treatment 

6 5 -
7 0 -
5 0 -
40 a 

100 
80 
70 

N-so 

5 3 -

48 
2 3 b 

lubility, 

58 

% 

35-
64-
58 
34 

-42 
-69 

Freshly cut grass 
Unwilted silage 
Wilted silage 
Artificially dried 

and pelleted grass 
Hay 

2 1 - 4 6 
4 8 - 7 5 

19-28a 

2 3-44 60c 1 7 - 3 6 

54 
67 

2 0 - 5 0 

References Demarquilly Kempton Mertens, Tamminga and Van der Waldo , 
etal, 1978 et al, 1977 1977 Koelen, 1975 and 1977 

unpublished results 

Dehydrated alfalfa. 

Alfalfa meal. 

Alfalfa hay. 

Mean values of various laboratories published in a review article. 
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N content was varied by replacing corn, wheat, 
sugar beet pulp and tapioca with corn gluten 
feed, soybean meal, linseed meal and coconut 
meal. Undegraded dietary N entering the small 
intestine was estimated using DAPA as a marker 
for microbial protein, or by regression analyses 
developed by Hvelplund et al. (1976). In the 
latter technique proportions of undegraded 
dietary N and microbial N entering the small 
intestine are estimated from the relationship 
between the ratio of duodenal N to N ingested 
and the N content of the diet. Before applying 
both methods, duodenal N flow was corrected 
for NH3-N and endogenous N. Although the 
two methods did not yield exactly the same 
results (Tamminga et al, 1979b), both showed 
a decreased degradation of dietary protein at 
the higher level of feed intake. At the low level 
of intake (8.6 kg of dry matter/day), the 
proportion of undegraded dietary N entering 
the small intestine (mean result of both methods) 
was .26; at the higher level of intake (12.9 kg of 
dry matter/day) this figure was .42. Because of 
limitations in the experimental techniques 
applied, these figures must be treated with 
caution. 

Based on the estimated solubility figures of 
Mertens (1977) for a variety of feedstuffs, the 
proportion of soluble protein in our mixed 
diets was calculated. This resulted in a figure of 
.30 for all six diets. Therefore, with the low 
level of intake .26 of the total dietary N or .37 
of the insoluble dietary N escaped microbial 
degradation in the rumen. At the high level of 
intake the corresponding values were .42 and 
.60, respectively. These results confirm the 
proposal of Mertens (1977) that with increasing 
intake the proportion of insoluble N degraded 
in the forestomachs decreases, presumably due 
to a decreased rumen retention time. 

Ruminal retention time of dietary ingredients 
is quite variable and varies not only from one 
diet to another, but also between animals 
(Balch and Campling, 1965) and apparently 
between species (Church, 1970). In cattle 
rumen retention t ime seems higher than in 
sheep; the reason for this is not understood. In 
reviewing the data, Hungate (1966) reported 
values for cattle ranging from 1.3 to 3.7 days 
and for sheep from .8 to 2.2 days. The turnover 
rate of rumen fluid is usually much higher, but 
it too probably affects the passage rate of 
food particles. In our research with dairy cows 
rumen fluid turnover rate, if expressed as 
porportion of the total volume disappearing 

per hour, was quite variable and ranged from 
.04 to .20. However, over two-thirds of the 
variation could be explained by two single fac
tors, the intake of long roughage (kilograms dry 
matter/day) and the intake of ground and 
pelleted concentrates (kilograms dry matter/ 
day). Between the two factors a significant 
difference was found. For each additional 
kilogram of dry matter ingested from long 
roughages, the rumen liquor turnover rate 
increased by .017 ± .0027; each additional 
kilogram of dry matter ingested from ground 
and pelleted concentrates caused an increase of 
only .007 ± .0011 (Tamminga et al, 1979a). It 
was shown possible to increase rumen fluid 
turnover rate in sheep by infusing PEG or 
artificial saliva in the rumen (Harrison et al., 
1975, 1976). Infusion of artificial saliva did 
increase the total flow of amino acids into the 
small intestine, but this could be attributed 
entirely to an increase in flow of microbial pro
tein. No significant effects were shown on 
degradation of dietary protein. 

Degradation of Individual Amino Acids in 
the Forestomachs. Some new information of 
the subject of amino acid degradation by 
rumen bacteria has recently become available 
(Chalupa, 1976; Scheifinger et al., 1976). In 
these experiments, disappearance of amino 
acids from an incubation medium was studied. 
The amino acids could be either incorporated 
into bacterial protein or degraded, but because 
of an excess of amino acids compared to energy 
in the batch culture, degradation must have 
been predominant. Not all amino acids were 
utilized by all five strains of rumen bacteria 
tested and different amino acids disappeared at 
different rates. Some of the strains tested 
showed a net synthesis of the amino acid 
methionine rather than a utilization (Scheifinger 
et al., 1976). Incubating mixed rumen bacteria 
with physiological quantities of amino acids 
showed that specific amino acids were degraded 
at different rates, and interactions existed 
between certain amino acids. Of the essential 
amino acids only valine and methionine seemed 
rather resistant to microbial degradation. Of 
these amino acids, even after 7 hr of incubation, 
less than 60% were degraded. The metabolism 
of amino acids under in vivo conditions ap
peared approximately 1.5 times faster than 
under in vitro conditions, but a close fitting 
relationship was found between results of the in 
vitro and the in vivo experiments. 

Information on in vivo degradation of amino 
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acids under normal feeding conditions when the 
microorganisms are offered amino acids incor
porated in protein rather than as a mixture of 
free amino acids is very limited and difficult to 
obtain. In our laboratory experiments were 
carried out with re-entrant cannulated dairy 
cows in which the duodenal flow of total N and 
amino acid N was measured and the contribution 
of bacterial protein to the total protein entering 
the small intestine estimated using DAPA as a 
marker. Bacteria were isolated from the rumen 
and amino acid composition of their protein 
was determined. Thus, it became possible to 
estimate the bacterial contribution to individual 
amino acids flowing through the duodenum. 
The remainder of the amino acids were consi
dered as being apparently undegraded dietary 
amino acids (AUDAA), neglecting the possible 
contribution of protozoal and endogenous 
amino acids. These apparently undegraded 
dietary amino acids were expressed as proportion 
of the amino acids ingested (DAA). Because 
proportions of bacterial protein to total duo
denal protein flow varied between experiments, 
a better comparison was obtained by expres
sing the proportion of the individual apparently 
undegraded amino acids (AUDAA) as a percen
tage of the proportion of total dietary amino 
acids (TDAA) that remained apparently unde
graded (TAUDAA). The mean result of 22 
experiments with dairy cows, fed with long 
meadow hay and mixed concentrates in various 
ratios and at various levels of intake are shown 
in table 2. Results indicate that arginine, 
aspartic acid, glutamic acid, proline and alanine 
were degraded to a larger extent and methionine, 
serine, glycine, tyrosine and cystine to a lesser 
extent than the total amino acid N. The increase 
in glycine compared with the amount ingested 
must be mainly attributed to glycocholic acid, 
excreted with bile into the duodenum. Part of 
the high apparent resistance of cystine to 
degradation in the forestomachs may be due to 
the contribution of digestive enzymes such as 
trypsin and chymotrypsin. These enzymes 
contain three to four times more cystine than 
most feed proteins or bacterial protein and 
their contribution to duodenal cystine is 
measured as cystine apparently resistant against 
degradation in the forestomachs. The ranking 
order of apparent degradation of essential 
amino acids as found in these experiments 
differs somewhat from results of experiments 
where mixtures of free amino acids were 
incubated either in vitro or in vivo (Chalupa, 

1976), particularly for valine and threonine. 
Results in table 2 show that nonamino acid 

N is degraded to a lesser extent that amino acid 
N. Since the protein value is determined by its 
amino acids, the residue of dietary proiein 
escaping microbial degradation may have a 
lower nutritive value than the original die-
tary crude protein. Evidence that this is the 
case was obtained recently by Smith and 
Mohamed ('! 977) with the dacron bag technique. 
From these experiments it also appeared that 
methionine content (g/16 g of N) remained 
constant, suggesting that degradation of methio
nine is less than the degradation of most 
other amino acids, which would confirm our 
results and those of Chalupa (1976). 

Various factors may be responsible for the 
apparent differences in degradation of amino 
acids when supplied in protein form compared 
with offering them to microbes as a mixture of 
free amino acids, and for the differences in 
rates of degradation among individual amino 
acids. The distribution, amino acid composition 
and amino acid sequence of various classes of 
protein (albumins, globulins, prolamins, and 
glutelins) may be partly responsible, f'o>- barley. 
Folkes and Ycmm (1956) found characteristic 
differences in the content of a number of 
amino acids between the more soluble proteins 
(albumins, globulins) and the less soluble 
fractions (prolamins, glutelins). A raiher good 
agreement in amino acid composition of 
prolamin and glutelin exists between barley and 
various types of wheat (Folkes and Yemm, 
1956; Kward, 1967), suggesting that amino acid 
composition of the various protein fractions is 
rather constant in grains. Soluble protein 
fractions contain far higher levels of lysine, 
arginine, aspartic acid and glycine and much 
lower levels of glutamic acid and proline than 
do less soluble fractions. 

Differences in the rate of transport across 
the bacterial cell wall or differences in activities 
of various enzymes or enzyme systems involved 
in degradation of amino acids may also have an 
influence. If transport is the rate limiting step, 
results from experiments using free amino acids 
do not necessarily represent the situation under 
practical conditions in which the dietary amino 
acids are offered to the bacteria in the form of 
protein. Transport of amino acids across the 
bacterial cell wall may be either as individual 
amino acids or as peptides. There is evidence 
that the latter way of transporting amino acids 
across cell walls is at least as important as 
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TABLE 2. ABSOLUTE PROPORTIONS AND RELATIVE PERCENTAGES OF DIETARY AMINO ACIDS 
ENTERING THE SMALL INTESTINE OF DAIRY COWS APPARENTLY UNDEGRADED 

Amino acid 

Lysine 
Histidine 
Arginine 
Threonine 
Valine 
Methionine 
Isoleucine 
Leucine 
Phenylalanine 
Aspartic acid 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Tyrosine 
Cys;(e)ine 

Nonammonia N 
Total amino acid N 
Essential amino acid N 
Nonessential amino acid N 
Nonamino acid N 

A'JDAA3 

DAA b 

.48 

.46 

.28 

.47 

.39 

.54 

.43 

.41 

.41 

.31 

.49 

.31 

.26 
1.25 

.32 

.66 

.88 

.46 

.44 
.39 
.48 
.54 

SEM 

.043 

.029 

.020 

.031 

.030 

.050 

.032 

.026 

.033 

.026 

.029 

.021 

.020 

.071 

.028 

.081 

.081 

.023 

.028 

.027 

.030 

.039 

AUDAA X 100 

TAUDAA c /TDAA d 

106 
106 
65 

109 
89 

122 
98 
95 
93 
70 

115 
72 
62 

298 
72 

143 
203 

110 
100 

88 
112 
139 

SEM 

4.1 
2.1 
2.6 
3.1 
2.6 
7.8 
4.1 
1.5 
3.4 
2.2 
3.3 
1.8 
4.3 

14.6 
3.5 

11.5 
12.8 

4.2 
.0 

1.6 
1.6 

15.9 

AUDAA = Apparently undegraded dietary amino acids. 

DAA = Ingested dietary amino acids. 
LTAUDAA = Total apparently undegraded amino acids. 

TDAA = Total ingested dietary amino acids. 

transport of individual amino acids (Matthews 
and Payne, 1975; Payne, 1975), presumably 
because transport mechanisms required for 
transporting peptides are less specific than 
those required for transport of individual amino 
acids. 

Practical Methods for Decreasing Protein 
Degradation in the i'nrestomachs. From the 
previous sections it becomes evident that it 
should be possible by taking appropriate 
measures to reduce protein degradation in the 
forestomachs to obtain greater amino acid 
absorption from the small intestine. It should 
be understood that these measures should not 
result in a decrease of n'icrobial protein pro
duction in the forestomachs, or make feed 
protein so undegradable that it can no longer 
be hydrolyzed in the small intestine. 

A simple method for decreasing protein 
degradation would be to formulate diets from 
ingredients containing protein with a natural 
resistance to ruminal breakdown. Other mea

sures usually include some form of processing 
like grinding, heat treatment or treatment with 
chemical agents such as aldehydes, tannins or 
volatile fatty acids. The general idea behind 
treatment of proteins with chemicals is to 
create a reversible pH dependant chemical 
modification that will inhibit breakdown of the 
protein at the pH usually found in the reti-
culorumen (very oftern close to neutral), but 
still enable proteolysis at the much lower pH 
found in the abomasum and proximal duode
num. Based on the same principle, t reatment of 
individual amino acids is possible, either by 
application of some protective agent, or by 
chemical modification which inhibits degrada
tion by rumen microbes. Attempts have also 
been made to inhibit deaminative activity of 
microbial enzymes and the use of the esophageal 
groove reflex has been proposed as a means of 
bypassing the rumen. 

All methods have been reviewed extensively 
in recent years (Broderick, 1975; Chalupa, 
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1975; Clark, 1975; Ferguson, 1975; Barry, 
1976a; Kempton et at., 1977; Tamminga and 
Van Hellemond, 1977; Waldo, 1977) and 
discussion here will therefore be restricted 
to some selected topics, mainly referring to 
developments in the last few years, with special 
reference to the situation in dairy cows. 

The method to which most attention has 
been paid is t reatment of feedstuffs with 
formaldehyde. The classical example is treat
ment of casein, resulting in dramatic reductions 
of degradability in the rumen, both in vitro and 
in vivo (Ferguson, 1975). In addition, a variety 
of other feedstuffs have been subjected to 
t reatment with formaldehyde. Substantial in
creases in postruminal protein flow after 
t reatment of dietary protein with formaldehyde, 
ranging from 6 to 34% seem possible as discussed 
recently by Kaufmann and Hagemeister (1976) 
and Hagemeister (1977). 

The best production responses were usually 
reported for woolgrowth (Ferguson, 1975), 
particularly with casein as the protein source. 
Responses did increase with an increasing 
content of sulfur containing amino acids in the 
treated protein (Barry, 1976b). This is not 
surprising, considering the high content of such 
amino acids in wool proteins, implying a high 
requirement for S-containing amino acids. 
Responses in meat production, measured as N 
retention or rate of growth were often variable 
and usually much smaller than responses in 
wool growth as reviewed by Chalupa (1975) 
and Clark (1975). The small response in growth 
compared to wool growth is likely the result of 
a less important role of S-containing amino 
acids in meat production. 

Little information is available on the effect 
of formaldehyde treatment of dietary protein 
on milk yield and milk protein production. 
Available data on the effect of formaldehyde 
treatment of dietary protein on milk protein 
production, compared with the untreated diet, 
are summarized in table 3. Results show that 
responses are usually small, even at high levels 
of milk production. Only the responses in 
the experiments of Verite and Journet (1977) 
were statistically significant. One of the reasons 
for an absence in significant responses in the 
other experiments may be the short experimen
tal periods. There is also evidence, however, 
that no single amino acid is clearly limiting for 
milk protein production (Tamminga and Van 
Hellemond, 1977), such as S-containing amino 
acids are for woolgrowth (Barry, 1976b). 

Moreover, under most feeding conditions 
protein supply in the small intestine of dairy 
cows seems sufficient for milk production of at 
least 25 kg/day (Tamminga and Van Hellemond, 
1977). Unless milk production exceeds this 
level, which may be the case in early lactation, 
protecting protein will be without any produc
tion response, except when the dietary protein 
content is lowered. 

Results in table 3 give the impression that at 
formaldehyde levels of over 10 g/kg of protein 
a negative rather than a positive response 
can be expected. This may be the result of 
overprotection, causing not only a reduced 
degradation of protein in the forestomachs, but 
also a decreased susceptibility to proteolytic 
enzymes in the abomasum and small intestine. 
Suggested optimum levels for the application 
of formaldehyde are .8 to 1.2% formaldehyde 
per protein (w/w) for the protection of casein, 
2% for oil seed meals and 3% for legume 
grass silage (Broderick, 1975). However from 
table 3 it seems that the application of 2 g 
formaldehyde/100 g of protein for feedstuffs to 
be used in concentrates is fairly high. This is in 
agreement with recommendations made by 
Barry (1976a) who also suggests application 
rates expressed in grams formaldehyde per 
kilogram degradable true protein to be more 
appropriate. 

Not only can formaldehyde be applied to 
concentrates, but protein in forages, particularly 
silages, can also be protected by this method. 
Formaldehyde used as an additive in silage 
making, serves two purposes. Initially it prevents 
excessive degradation of protein and other 
ingredients during fermentation of the silage 
and when fed, solubility of the silage protein is 
reduced (table 4), probably resulting in protec
tion against microbial degradation in the 
forestomachs. 

In experiments of Beever et al., (1977) the 
pepsin soluble N decreased from 82% in the 
untreated silage to 78% in the formaldehyde 
treated. A further reduction in solubility was 
achieved by drying the formaldehyde treated 
silage at high temperature. Ruminal protein 
degradation, as measured in vivo with re-entrant 
cannulated sheep, was reduced from 85% for 
the untreated to 22% for the formaldehyde 
treated silage and to 16% for the formaldehyde 
treated silage after heat t reatment. In vitro 
solubility and in vivo ruminal degradation 
thovgh showing a similar tendency differ 
widely. Pepsin soluble N may be regarded as a 
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conclusive (Annison, 1975), the deaminating 
enzyme systems (NAD+- and NADP+- linked 
glutamate dehydrogenase (GLDH) are thought 
to be the most important NH3-fixing pathways. 
Inhibiting these key enzyme systems will 
very likely reduce microbial protein synthesis 
and possibly inhibit microbial degradation of 
other dietary ingredients, such as cellulose. 
This may cause an increase in rumen retention 
time of cellulose rich dietary components, 
followed by a reduction in feed intake, a 
phenomenon often observed if deamination 
suppressing agents are applied (Chalupa, 1975). 

Nutritional Implications of Degradation and 
Protection of Dietary Protein in Ruminant 
Feeding. In ruminant feeding one has to con
sider two protein requirements, the requirement 
of the animal itself and the requirement of the 
microbial population in the forestomach. 
Meeting the requirement of the animal means 
supplying adequate blood levels of essential 
amino acids and N, carbon (C) and energy for 
synthesis of necessary nonessential amino acids. 
This requirement can be met if sufficient 
protein enters and is subsequently absorbed 
from the small intestine. The main sources of 
protein entering the small intestine are unde-
graded dietary protein and microbial protein 
synthesized in the forestomach. The microbial 
population in the forestomach of a ruminant 
has the capacity to synthesize all essential 
amino acids. Growth of some strains of rumen 
microbes is stimulated by amino acids (Hungate, 
1966) and the addition of small amounts of 
protein stimulated microbial protein synthesis 
from NPN (Hume, 1970). So it seems advisable 
to provide the microbes with a small amount of 
protein-N, but the bulk of the required N may 
be supplied as NH3 which can originate from 
NPN sources such as urea as well as from 
degraded dietary protein. 

Not only do the two protein requirements 
differ in a qualitative sense, the quantities 
required may also differ. The requirement for 
protein absorbed from the small intestine is 
mainly governed by the level of production and 
will be relatively high for milk production, 
particularly in early lactation, and for fast 
growing young beef animals. Under those 
circumstances net protein supply from the 
small intestine, being the result of absorption of 
dietary protein escaping microbial breakdown 
and of microbial protein synthesized in the 
forestomachs, may be insufficient to meet the 
high requirement (Hogan, 1975 ;Tamminga and 

Van Hellemond, 1977). Under less intensive 
animal production systems the N requirement 
of the rumen microbes may become predomi
nant. Under such conditions undegraded 
dietary protein plus microbial protein will 
supply more amino acids to the animal's tissue 
than is actually needed. Reducing the degrada
tion of protein becomes useless or even harmful. 
Due to protection flow of dietary protein into 
the small intestine will increase, but flow 
of microbial protein may decrease because of 
an insufficient supply of NH3 for microbial 
growth and fermentation in the rumen. 

For maximum microbial growth and micro
bial protein production in the rumen a minimal 
NH3 concentration of approximately 5 mg 
of NH3-N/100 ml of rumen fluid seems required 
(Satter and Slyter, 1974). Under normal 
feeding practices a relationship between ruminal 
NH3 concentration and dietary crude protein 
content can be established, and this indicates 
that the minimum level of 5 mg/ 100 ml rumen 
fluid is achieved with a dietary crude protein 
content of between 11 and 14% in the diet dry 
matter, varying with the density of dietary 
digestible nutrients (Satter and Roffler, 1975). 

An inadequate N supply for the microbes 
may also have a negative effect on degradation 
of other dietary components, particularly 
the cellulose rich cell wall constituents. To 
achieve maximum microbial activity much 
higher NH3 concentrations than required for 
maximum microbial protein production seem 
necessary (Mehrez et ai, 1977). Maximum 
rumen fermentation rates in the experiments 
of Mehrez et ai. (1977) were achieved at a NH 3 

concentration of 23.5 mg/100 ml fluid. Data in 
table 5 also show that a dietary crude protein 
content of 13.4% in the diet dry matter is 
clearly too low to sustain maximum microbial 
fermentation of dietary crude fiber, but no 
effect was seen on degradation of N-free 
extractives (NfE). The experiments were done 
in our laboratory with three dairy cows, equip
ped with re-entrant cannulae in the small 
intestine, fed mixed diets consisting of long 
meadow hay and mixed concentrates. Of the 
total dry matter intake (mean intake 12.9 kg 
per day), 3 3% was as long roughage. If the 
dietary N level is inadequate for the microbial 
population in the forestomach, additional N 
must be supplied. Application of NPN will be 
sufficient under these circumstances. 

If protein requirement of the animal is not 
met, then the intestinal flow of undegraded 
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Cow 

A 
B 
C 
Mean 
A 
B 
C 
Mean 

PROTEIN DEGRADATION IN THE FORESTOMACHS OF RUMINANTS 

TABLE 5. EFFECT OF DIETARY N CONTENT ON DIGESTION OF CRUDE FIBER AND 
N FREE EXTRACTIVES (NfE) IN THE FORESTOMACH OF DAIRY COWS 

Intake, 
kg DM/day 

14.3 
12.8 
10.8 
12.6 
12.8 
13.0 
12.9 
12.9 

Dietary 
N content, 
g /kg of DM 

23.2 
20.3 
21.0 
21.5 
33.3 
30.1 
29.6 
31.0 

Dietary 
CF content, 
g/kg of DM 

142 
141 
170 
151 
135 
150 
149 
145 

Fermented in the 
forestomachs, 

proportion of intake 

Crude fiber NfE 

.52 .73 

.48 .69 

.37 .77 

.46 .73 

.61 .70 

.50 .73 

.64 .76 

.58 .73 

dietary protein needs to be increased, either 
by increasing dietary protein content or by 
reducing degradation of the protein already 
present in the diet. The latter seems to be the 
most attractive because an additional protein 
supply in the diet will be largely degraded, 
resulting in poor utilization of the extra protein. 

Because the proportion of dietary protein 
degraded in the forestomach differs among 
feedstuffs (Chalupa, 1975; Mertens, 1977), in
creasing the flow of dietary protein into the 
small intestine must be possible by formulating 
diets with feedstuffs having relatively re
sistant proteins. Alternatively, an increase in 
flow of dietary protein is possible by protecting 
the dietary protein with formaldehyde, for 
example. However, feeding more resistant 
protein will result in lower NH 3 levels in rumen 
fluid (Wohlt et al, 1976; Bakker and Veen, 
1977; Beever et al, 1977; Verite et al, 1977), 
and NH3 may fall below the minimum level 
required for maximum microbial protein syn
thesis. Evidence for a reduced microbial protein 
synthesis following feeding of formaldehyde 
treated grass silage has been obtained (Beever et 
al, 1977). However, this may have been a 
specific effect of formaldehyde, because the 
rumen NH3 level did not fall below the level 
recommended for maximum microbial protein 
synthesis and the level of formaldehyde applied 
was very high. 

An adequate N supply for the rumen mi
crobes after feeding naturally resistant or 
protected protein can easily be achieved by 
including some NPN such as urea in the diet, 
and protein protection and use of NPN would 
seem a useful combination. 

Protection of dietary protein will increase 
the relative contribution of undegraded dietary 
protein to the total protein entering the small 
intestine. This situation may also have an effect 
on the amino acid composition of the total 
protein that enters and is subsequently absorbed 
from the small intestine. This response is 
because of a potential difference in amino acid 
composition between the residue originating 
from dietary protein and from microbial 
protein. Experimental results obtained so far do 
not clearly indicate a single amino acid as being 
first limiting for milk production (Tamminga 
and Van Hellemond, 1977) because amino acid 
composition of the protein absorbed from the 
small intestine seems to resemble the pattern of 
required amino acids. Changing the ratio 
between undegraded dietary protein and 
microbial protein entering the small intestine 
may change this balance and may result in one 
single amino acid becoming limiting. This 
situation could increase the need for protection 
of individual amino acids against microbial 
degradation in the forestomach. So far produc
tion responses to protected amino acids have 
been quite variable and often absent (Barry, 
1976a), mainly because there was no distinct 
requirement for extra amino acids. 
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