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THEOREMS 

I 
In computing the biological value of proteins figures for the metabolic faecal 

protein may be obtained from the pepsin-HCl determinations in the faeces. 

II 
The THOMAS-MITCHELL formula yields more reliable figures of biological 

values in ruminants than the nitrogen balance index method. 

Ill 
In cows, creatinine is a better measure for the quantity of urinary excretion 

than creatine plus creatinine as has been suggested by HARDING and GAEBLER 
for children. 

HARDING, V. J. and O. H. GAEBLER 
(1922). J. Biol. Chem. 54, 579. 

IV 
Legislation will not solve the problem of milk adulteration in Egypt (U.A.R.). 

V 
The isotope method as used by LOFGREEN and KLEIBER in 1953 for deter­

mining the metabolic faecal protein gives unsatisfactory results. 
LOFGREEN, G. P. and M. KLEIBER 
(1953). J. Nutrition 49, 183. 

VI 
KARAM and RAGAB stated in 1958 that "Increasing the incidence of twinning 

among the indigenous breeds of sheep will undoubtedly increase lamb pro­
duction and consequently lower the amount of meat imported to Egypt". 
This statement should be studied from the nutritional point of view. 

KARAM, H. A. and M. T. RAGAB 
(1958). J. Animal Sci. 17, 235. 

VII 
Cow's milk cannot entirely replace breast milk in the nutrition of infants. 

VIII 
The Agrarian Reform in the Egyptian Region not only achieved material 

success in increasing the productivity of the redistributed land but even raised 
the standard of living for a large section of citizens. 

IX 
The chemical methods of determining the nutritive value of proteins cannot 

completely replace biologic assays in protein nutrition. 

X 
To introduce grassland in Egypt (U.A.R.) the cultivated area should be ex­

tended to the desert. 
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INTRODUCTION 

Proteins are essentially required for the building up of animal tissues and for 
the regulation of the vital processes; if they are lacking in the diet life appears to 
be impossible. Plants can build up proteins from simple nitrogenous consti­
tuents of the soil and the air with the aid of solar energy, while animals cannot 
perform such a process and depend chiefly upon plants for their protein supply. 
Only ruminants have been shown to utilize under certain conditions urea and 
other simpler nitrogenous compounds for protein formation which is mainly 
attributed to the activity of microorganisms in the reticulo-rumen. 

The determination of food protein required for a specific function such as 
maintenance or growth or any other physiological function must not only be 
based on the quantity of protein but also on its quality since, from experimental 
data it has been concluded, already more than a century ago, that certain proteins 
fail to support growth and even may be insufficient for maintenance. Later on it 
has been shown that this is not so because they are provided in small quantities, 
but because they are qualitatively inadequate in amino acid composition. A 
prerequisite for the support of maintenance, growth etc., is namely that all 
the essential amino acids should be present in adequate amounts. 

Yet, the nutritive value of a given protein should not be measured by its 
amino acid composition alone. For it is evident that merely the amino acids in 
the digested part of the protein are decisive, and not only the quantities of each 
of them but also the mutual ratios. 

This makes it difficult to predict the nutritive value of proteins on the basis of 
amino acid composition. For the present biological experiments with animals 
to determine the "biological value" of food proteins cannot yet be dispensed 
with, even not in the nutrition of men and monogastric animals. 

Still much more difficult is the problem of the nutritive value of proteins in 
ruminant nutrition, because of the processes of degradation and synthesis of 
proteins by the rumen bacteria. 

The present paper comprises an investigation with sheep on the biological 
value of proteins in grass hay. Experiments of this kind have not yet been done 
in the Netherlands, although hay is a predominent winter feed. The first part 
contains a discussion and criticism on what has been found in general about 
this subject in the literature (chapter I to VI). The second part (chapters VII and 
VIII) describes the experiments and discusses the results secured. The summary 
and conclusions are presented in the third part. 

PART I. DISCUSSION OF THE LITERATURE 

CHAPTER I 

ESSENTIAL AND NONESSENTIAL OR INDISPENSABLE 
AND DISPENSABLE AMINO ACIDS 

The word protein has been introduced in the literature in the year 1838 by 
the scientist G. J. MULDER from the Netherlands. This word was suggested to 
him by the Swedish investigator BERZELIUS. MULDER was of the opinion that all 
kinds of albuminous substances mainly consist of the same nucleus or root-
substance, the "proteine". Of course MULDER did not overlook the fact that the 

2 Meded. Landbouwhogeschool Wageningen 61 (3), 1-83 (1961) 



various substances differ in their chemical and physical properties. He thought 
that this could be explained by the union of protein with different quantities of 
S and P (and O). 

MULDER already considered protein to be a complex substance consisting of 
some heterogenous organic compounds, leucine being one of them. This sub­
stance had already been discovered in 1819 by PROUST and had been named 
leucine by BRACONNOT a year later (1820). 

It is well known that later on many other amino acids have been discovered 
in proteins; however, it took more than a century before all the more important 
amino acids had been isolated, threonine being the last one (ROSE, 1938). This 
discovery enabled ROSE to solve a problem that had defied the efforts of even the 
most skilled investigators for 25 years. 

As far back as 1912 ABDERHALDEN had tried to substitute amino acid mix­
tures for proteins. He incorporated 16 different amino acids in a diet using dogs 
as experimental animals. The animals soon contracted diarrhea, they vomited 
and refused to eat much of the food. The real significance of this result was not 
clear. It was possible that it meant that proteins in the food are indeed indis­
pensable. On the other hand it also turned out that amino acids are less palatable 
than intact proteins, and thus poor growth could also result from a lower feed 
intake rather than from any specific deficiency. 

ROSE and his collaborators in 1930 started a brilliant series of studies, in which 
they succeeded in substituting protein by an amino acid mixture in the diet of 
growing rats, so that the above mentioned problem was solved (1938). It was 
made clear that animals can live and grow with amino acids as the only nitrogen 
source. 

In continuing their experiments they obtained definite results concerning a 
problem which was perhaps still older, namely the question which amino acids 
in the diet are indispensable and which are not. Although it had already been 
established that some amino acids, such as glycine and alanine, can be synthe­
sized in the mammalian body, others, such as tryptophan, can not. For many 
other amino acids, however, the situation was not clear. With his feeding ex­
periments on growing rats ROSE gave specific information as to the acids which 
cannot be lacked in the diet. He classified the amino acids occurring in food 
proteins as indispensable (essential) and dispensable (nonessential) amino 
acids. ROSE (1938) defined an indispensable amino acid as one which cannot be 
synthesized in the body out of the materials ordinarily available, at a rate 
sufficiently rapid to promote normal growth. A dispensable amino acid is one 
which can be synthesized in sufficient quantity out of the materials ordinarily 
available to the organism. In this respect he made the following classification of 
amino acids providing for maintenance and tissue building, as far as growing 
rats are concerned. 

Indispensable amino acids: Arginine, histidine, isoleucine, leucine, 
lysine, methionine, phenylalanine, threonine, tryptophan and valine. 

Dispensable amino acids: Alanine, aspartic acid, citrulline, cystine, 
glutamic acid, glycine, hydroxyglutamic acid, hydroxyproline, norleucine, 
proline, serine and tyrosine. 

Arginine can be synthesized in the rat, but not rapid enough to meet the 
demands of normal growth. Hence, according to the above mentioned definition, 
it is an indispensable amino acid. 

Lack of any one of the essential amino acids in the diet produces a negative 
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N-balance, stops repletion and causes the animal to lose appetite and to fall ill. 
The results of ROSE have essentially been confirmed by his later work and by 

that of others. In his paper of 1948, however, he gives some additional infor­
mation by mentioning that 1/6 of the methionine requirement can be replaced 
by cystine and that 1/2 of the phenylalanine requirement can be replaced by 
tyrosine; but in the absence of methionine or phenylalanine neither cystine nor 
tyrosine has a growth effect. Arginine can be replaced in part for growth by 
proline or glutamic acid but not by hydroxyproline. 

The above mentioned paper also shows that the essential amino acids are not 
able to replace the total mixture of indispensable and dispensable amino acids 
completely. The growth of rats was namely definitely somewhat better when a 
mixture of all the amino acids was given. It has not even been shown conclusive­
ly that a mixture of indispensable and dispensable amino acids is able to sub­
stitute the natural proteins in all respects, because it turned out that the caloric 
intake on diets with only amino acids as nitrogen sources should be higher than 
normal. 

ROSE'S next step was to consider the quantitative requirements of amino 
acids for the growing rat. Later on, other investigators made similar experiments 
with pigs, chickens, infants and even with honey-bees. Moreover, experiments 
on requirements for maintenance were performed. The results of these in­
vestigations have been collected in table 1. 

In order to make the results more comparable we calculated the percentage 
distribution assuming the sum of the most important essential amino acids to 
be equal to 100%, thus without arginine and glycine. 

Although there are some differences, the agreement between the columns is 
striking. Therefore one must conclude that the different species require essential­
ly the same pattern of ammo acids. 

These differences however are worthy of closer examination. From table 1 it 
can be seen that all species require all the essential amino acids. Only histidine 
does not seem to be necessary for adult humans. This conclusion has however 
been challenged. NASSET et a (1954) pointed out that the apparent nonessen­
t i a l ^ of lustidine to the adult human male as reported by ROSElet al. (1951) may 

f S ° t w l ^ e / l a t l V £ S h ° r t f e e d i n g P e r i o d s u s e d by these investigators 
and with the possibility that humans utilize endogenous histidine derived from 
degradation of haemoglobin. 

In the growing animals histidine and arginine are essential. The growing 
chicken occupies a unique position in that it requires glycine in addition to the 
other ten essential acids The need for glycine and a & S S S S y ^ r S 
amounts may be due to feathering (HEGSTED et al, 1941) This seems rea enable 
since feather proteins contain high percentages of'these t w S i More­
over, it is known that microbial activities in the intestine of the chicken are 
rather small so that synthesis of amino acids can only be very Umited 

Furthermore it is seen from table 2 that MITCHELL'S figure for the rat's phenyl­
alanine requirement for maintenance (column 3) is considerably^Ser than the 
figures mentioned m the columns 1 and 2. The reason f n r Z l l l r T 
MITCHELL included tyrosine in his figure f ^ t p r ° b a W y 1S t h a t 

Other differences between MITCHELL'S figures anH tv.~„ -i J -. 
maybe du ;,to thefact thai^MITCHELL did S S S ^ S ^ S S i S S J 
amino acids separately. He determined the minimum quanti E T o f several 
proteins and protein foods required for the nitrogen e q u L S m ! adult rats 
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and men and took the smallest amounts of the amino acids in these quantities 
as the required amounts. It is however not impossible that some amino acids 
were present m all the proteins tested in amounts exceeding minimum require-

Further from table 1 it may be seen that the maintenance requirements as 
suggested by LEVERTON (1959) for women are somewhat lower than those given 
by ROSE for men, both on the basis of total daily amount per kilogram L V E S 

TON however, pomted out that, here too, there were definite differenceTbetween 
the studies as concerns the techniques used. In the experiments with women the 
quantities have been determined necessary to keep the experimental perTons on 
an average in nitrogen equilibrium, the latter defined as zone in w h f c h S T t S 
gen excretion is within 95-105% of the intake. For men, howevef thfrequ re-
ments have been based on the highest amounts needed by any Subject for a 

• ; afue?fo: womTn^ ""*" ^ ^ ^ ™ S - d i l y V x p L i S e S o w e r 

are about the same except fophenvlaTZ? tfc S b e t w e e n t h e requirements 
women seems to be aboulV, of t h a t f o r W % ? requirement of which for 
by the fact that tyrosine is J k ^ S ^ ^ ^ ^ T ' ^ ^ T f d 

in ROSE'S figure it is. If we take L F V F R W 7 « r 8 ° r w o r n e n - w h l ] s t 

sine together the ̂ a ^ ^ S ^ c ^ y ^ #*****» «"d tyro-

rJ^^^S^^SSlS^lTas T p a r e d with the adult 

relatively more intense for the afult ra flan toZSff"""*- r e C * u i r e m e n t i s 

adult human. On the other hand the 2 h e g r 0 W i n g r a t o r f o r t h e 

prominent among the ̂ r n ^ ^ S T T JT * b e m U C h leSS 

those of the adult man. MncmLLaSh^ZL , u^lt r a t t h a n a m o n S 
on the high cystine and low W co n t e n o f i T S t p r , o b a b l e explanation rests 
1947) and on the probability thTthe a 2 0 1 ^ ^ k e r a t i n S ( B L 0 C K et al> 
are dominated by the requirement f £ t a c id/equirements of the adult rat 
in table 2 for huinant 5 ^ 2 ^ ^ w t ' \?«™ f°T *S™ 
the difference is not conspicuous i reason for v * m

u
e t I u o n i n e , however, 

included in the methionine figure for huSans " P r ° b a b l y t h a t C y S t i n e i s 

In comparing finally (table 2) the amino ariH «»•• 
nance and for growth plus main tenana fSIZ S ??"** f ° r m a i n t e -
they are very similar. It should however b e S ^ ? W i " b e S e e n t h a t 

lysine for maintenance is smaller tTan f o r 7 r S n? ^ t h e * « * * « * » * of 
with the rat; the requirement of methionnfis definS, T f n M c e ' e SP e c i a l ly 

All these smaller and greater difference? Ll J h l g h e r -
conclusion that the various s p e ^ K ^ S S ^ 0 ^ ^ f r°m the 

same pattern of amino acids. From this it reasoLSv ' T " ^ r e q u i r e t h e 

ruminant tissues also need about the same S y •*?*Y b e c o n c l "ded that the 
will be shown that it is not necessary that all ̂ S f d P a t t e r n - I n c h a P t e r " * 
in the same proportions in their food but t h a t ^ S T 0 a C l d S S h ° u l d b e p r e s e n t 

the picture in breaking down part of the amino S f ^ 0 1 ^ change 
sizing new amino acids for building un their w • f e e d a n d i n synthe-
not the pattern of the amino acids in the f e e d i l T l T u D e d s i v e i s t h e r e f o r e 

passing from the omasum to the abomasum U t t h a t i n t h e l i c l u o r 
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CHAPTER II 

DEGRADATION AND SYNTHESIS OF PROTEINS AND 
AMINO ACIDS BY RUMEN MICROORGANISMS 

INTRODUCTION 

It is generally known that in monogastric animals the feed proteins in the 
stomach and in the small intestine are broken down to amino acids which are 
absorbed as such. Indeed in the caecum and colon the non-digested residues are 
subject to a fermentation by bacteria resulting in further breakdown of proteins 
and other substances. These processes in the caecum and colon have not been 
studied sufficiently but certainly they are of minor importance, at least in men 
and in animals such as rats and pigs. This makes it possible to predict roughly, 
from the amino acid pattern, the biological value (BV) of many proteins utilized 
in the nutrition of men, pigs and rats. 

Although it is probable that the amino acid requirements of the living tissues 
of ruminants are about the same as those of monogastric animals, yet the BV 
of the feed proteins may be very different for these two classes of animals. It is 
further assumed and even probable that in ruminants the function of the 
abomasum and the more caudal parts of the intestine is not much different from 
their function in such well-studied monogastric animals as the rat and the pig, 
both as to what these animals require to absorb from their alimentary tracts and 
as to how they digest material entering the abomasum and passing further along 
the intestines (CHALMERS et ah, 1954, b). It is therefore highly probable that an 
arbitrary mixture of amino acids leaving the fore-stomachs and passing into 
the abomasum has for the ruminant about the same nutritive value as for a 
monogastric animal. Differences in BV of proteins between ruminants and 
monogastric animals are therefore mainly due to the fermentations, i.e. the 
microbiological activities in the rumen. 

As far back as the eighties of the last century TAPPEINER (1883) recognized the 
significance of the rumen bacteria for cellulose fermentation and for the pro­
duction of rumen gases. BRAHM (1926) did some experiments on artificial diges­
tion by incubating an appropriate culture medium with bacteria from the 
rumen and from other parts of the intestinal tract, thus, with the aid of a primi­
tive kind of artificial rumen. ANKERSMIT (1905) was the first to examine the 
species of the bacteria in the normal bovine intestine. He considered strepto-
cocus acidi lactici as the prepondering germ in the rumen. Furthermore he found 
OMELIANSKI'S cellulose dissolving bacteria. 

TAPPEINER (1891) also found that the non-protein-nitrogen-compound (NPN-
compound) asparagine can be utilized by bacteria in the intestinal tract for buil­
ding up their body proteins. It is well known that this finding gave rise to an 
immense number of publications in which was shown that this bacterial activity 
is of great importance for the protein metabolism of the animal and for the BV 
of the nitrogenous compounds in ruminant nutrition. This question will be dis­
cussed in detail later on. 

In Berlin, after the First World War, MANGOLD'S collaborators (among 
others, FERBER) (MANGOLD, 1929) made extensive investigations on infusoria 
in the rumen which had been discovered as far back as 1843 by GRUBY et al. In 
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sheep and goats on normal feed the number of rumen protozoa was rather con­
stant, namely about 1000000 per ml. In sheep, on low protein rations rich in 
carbohydrate, the number decreased considerably. From this it was concluded 
that the infusoria have a definite requirement of protein. On the other hand, 
increasing the feed protein by soybean meal and blood meal up to levels higher 
than normal gave no increase in the numbers. 

Already at that time (MANGOLD, 1929) it was an important question whether 
infusoria are able to cover their nitrogen requirement with non-protein-nitrogen 
(NPN). When experimental wethers were given a ration consisting of hay and 
starch the number of infusoria decreased. Addition of ammonium acetate gave 
no increase but a further decrease. After feeding again a normal ration the 
number rose to ordinary levels. Similar results were obtained in experiments 
with urea instead of ammonium acetate. It was concluded that NPN, at any 
rate urea and ammonium acetate, cannot be utilized by rumen infusoria. 

Nevertheless, MANGOLD thought that the infusoria are of considerable 
nutritional importance because they would transfer the less digestible vegetable 
protein into easily digestible animal protein of infusoria. In this connection he 
spoke of "biologisch veredeln" of the protein, which means "to ennoble bio­
logically". In our opinion, however, this interpretation of his findings is doubt­
ful, as it has by no means been shown that the proteins are dissolved easier 
or in greater amount by the infusoria than by the intestinal enzymes. Moreover, 
if so, the transfer of plant protein via infusoria to the animals means an inter­
mediate step in which there must be inevitable protein losses through the meta­
bolism of the infusoria. 

Recent development in the knowledge of the rumen function has largely 
taken place in Britain. This development was greatly stimulated by a group 
working during the Second World War at Cambridge under the leadership of 
the famous Sir JOSEPH BARCROFT. By the British and other investigations our 
knowledge on rumen function has greatly increased and has grown out to a 
special branch of physiology, usually called rumen physiology. 

These recent investigations have confirmed many fundamental data on the 
rumen function and on the microbiological activities in the fore-stomachs which 
had already been discovered many years ago by German investigators. Several 
other new facts have been added. In our opinion one of the principal features 
of modern rumen physiology is the recognition that the activities of the rumen-
organisms are quantitatively of much greater importance than formerly was 
believed. 

Several excellent reviews have appeared summarizing the results and re­
viewing either special aspects or the whole field. We may mention especially the 
reviews of CUTHBERTSON et al. (1953) and of CHALMERS et al. (1954, b), the thesis 
of OYAERT (1955), the monograph of ANNISON et al. (1959) and in addition 
papers of several authors presented at the 123rd meeting of the British Nutri­
tion Society (Proceedings 18 (1959) 97), all of which have been of considerable 
benefit in preparing this chapter.1 

i For the newest developments see the paper of M. J. CHALMERS and that of D. LEWIS in the 
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"DIGESTION" OF DRY MATTER AND ORGANIC MATTER IN THE FORE-STOMACHS 

Modern rumen physiology has shown that a large part of the dry matter of 
the feeds is "digested" in the fore-stomachs. This means that it is degraded 
and that the degradation products either are absorbed by the walls of the 
proventriculi or broken down to methane and C0 2 and lost, mainly by belching. 
There are many degradation products and intermediates, but only those origi­
nating from the proteins will be described in detail later on. Concerning the 
other constituents of the feed we want to confine ourselves to a discussion of the 
dry and organic matter as a whole. 

Suggestions on the quantity of dry matter disappearing from the reticulo-
rumen have been made by PALHEIMO et al. (1955), GRAY et al. (1958) and Ro-
GERSON (1958) by slaughtering the animals. HALE et al. (1947) calculated the 
extent of the rumen digestion of lucerne hay in fistulated animals with the aid 
of the lignin ratio. The digestion coefficient for dry matter was 48 %, corres­
ponding with 85 % of the dry matter digested in the whole intestinal tract. 

OYAERT (1955) in sheep determined the digestibility of clover hay and of 
clover hay plus concentrate in all three proventriculi together. With the aid of a 
special kind of fistula (BOUCKAERT et al., 1954) QYAERT succeeded in deter­
mining the quantity and composition of the digesta passing from the omasum to 
the abomasum. By making at the same time use of a marker (carbowax 4000) 
OYAERT (1955) calculated that 52 to 75% (average 64%) of the total dry matter 
had been digested in the three fore-stomachs. BALCH (1957), also making use of a 
marker, tentatively found in cows that on average for the diets studied, 64% 
of the total digested dry matter was apparently digested in the reticulo-rumen. 
The rations consisted of hay and of hay plus various amounts of supplements. 

HOGAN (1957) and HOGAN et al. (1960) utilized methods which made it 
possible to leave out markers. They adopted the method of exteriorising in sheep 
the flow of food in the beginning of the duodenum. During the experiments the 
digesta were permitted to flow out of a canula inserted in the proximal end of 
the duodenum, and were collected in portions of about 50 ml. After sampling 
the remainder was poured back as soon as possible through a second canula 
inserted in the distal part of the duodenum that had been completely separated 
from the proximal end. By feeding 300 gms. of meadow hay and 200 gms. of 
concentrates per day, they found that 70 % of the digestible dry matter ingested 
disappeared in the four stomachs. As it is generally agreed that little absorption 
takes place in the omasum, this absorption mainly must have taken place in the 
three proventriculi. 

KAMEOKA et al. (1959) avoided the implications originating from abomasal 
digestion and absorption. They succeeded in making a quantitative estimation 
of the digestion in the proventriculi in goats by collecting all alimentary tract 
contents upon entry into the abomasum via a fistula establishment between 
omasum and abomasum. The omasal ingesta leaving the omasum canula were 
collected and weighed hourly, warmed at 40 °C, and poured into the abomasum, 
24 hours a day. In this way they found that 61.7 to 85.4% of the digestible 
organic matter of the rations consisting of hay or of hay and concentrates dis­
appeared in the fore-stomachs. On two rations of a low quality hay of pre­
dominantly orchard grass and red clover with 1.1.9% crude protein in the dry 
matter the figures were 85.4 and 75.2% respectively. 

All the above mentioned investigations show that about 2/3 or 3/4 or even 
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more of the digestible dry matter and organic matter in rations of hay or hay 
plus some concentrate is already broken down and disappears by absorption 
{and eructation) from the fore-stomachs. 

DEGRADATION OF PROTEIN 

The degradation of protein in the fore-stomachs is also much more extensive 
than formerly was believed. The question is complicated by the fact that besides 
degradation there may be a considerable degree of protein synthesis by bacteria. 

The degradation process of the proteins in the fore-stomachs has been studied 
several times and it has been shown that ammonia is one of the principal end 
products (PEARSON et al, 1943; MCDONALD, 1948, a). The theory of the inter­
mediate steps is for a large part derived from studies with amino acid solutions 
incubated with washed suspensions of rumen bacteria. Therefore, no definite 
conclusions about the real course of degradation in the reticulo-rumen have 
been secured. 

Nevertheless, it has been demonstrated (SYM, 1938; PEARSON et al, 1943) that 
the rumen contents show proteolytic activity. Moreover, CHALMERS et al. 
(1954, b) and ANNISON (1956) demonstrated very small amounts of a-amino 
nitrogen. The latter also found that diffusible peptides increased after feeding. 
By these and numerous other findings proteolytic degradation into amino acids 
is clearly obvious. 

The degradation of these amino acids has been studied by EL-SHAZLY (1952) 
By incubating casein hydrolysates under anaerobic conditions with washed 
suspensions of rumen bacteria he found as reaction products mainly NH„ CO, 
and volatile fatty acids in roughly equimolecular proportions. Some of the 
volatile fatty acids had branched chains, probably originating from valine, 
leucine and isoleucine. There was no significant formation of H2 or CH. 

Although the end products were identified, the way in which the amino acids 
TJ^fllT1S K 0 t

+ f " • B e f f d e"aminati°n of single molecules, there is 
also de-amination by the so-called Stickland reaction, a mutual oxidation-

c^SlZT* f"T f,ds i n W h i c h r e a c t i o n b e s i d e s NH3 two mole-
SON fji n£l ft^?r ° d u

t
C e C \A n e* a mP l e of this reaction is given by ANNI-

£Thfrurnen wllnn T ' T ^ d 'S C U S S i° n ° f t h e a m i n o a c i d degradation 

It is an important question whether the essential amino acids in the rumen 
give rise to the corresponding hydroxy- and keto-acidrin case he^would be 
absorbed, the de-amination would not always mean a definite loss I s"n the 
tissues resynthesis might occur. EL-SHAZLY (1952̂  P Y ^ I T I - ui u 
making ether extracts of rumen liquor after whiih if ^ P u ° b l e m 5y 

fatty acids and the non-volatile S b y t ^ ^ ^ ^ T f HY.° ^ 
latter never exceeded 2 5% ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

S M S ^ T " d ° U b t M W h 6 t h e r b y * ~ - u l t s ^ t t S s b e t 

correlation between NH3 in rumen contented i r S til^i V^d a - d T 
1957). Absorption of amino acids f^ he rumen w

 d ( L E , T * t 
demonstrated (ANNISON, 1956). e n h o w e v e r could not be 
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It is generally agreed that the absorbed NH3 is almost entirely converted to 
urea in the liver. The urea content of the blood is indeed increased by high 
NHg-production in the rumen and might even give supplementary information 
about the efficiency of protein utilization (LEWIS, 1957). 

As already mentioned besides breakdown there is also synthesis of proteins 
by the microorganisms in the proventriculi. For this synthesis they may utilize 
either amino acids or degradation products such as NH3 plus energy-yielding 
organic materials. Furthermore, substantial quantities of urea contained in the 
saliva enter the rumen. Moreover, there is perhaps also diffusion of urea from 
the blood through the walls of the proventriculi. It is well known that in the 
rumen urea is easily converted to NH3 and, therefore, is also available for bac­
terial protein synthesis. In spite of this, in most instances, there is a net loss of 
nitrogen in the fore-stomachs. 

It is evident that this net loss has been studied thoroughly. This work has 
been summarized by CHALMERS et al. (1954, b), by OYAERT (1955) and by 
ANNISON et al. (1959). It appeared that easily soluble proteins such as casein and 
groundnut cake produce large quantities of NH3, whilst the NH3-production 
from the little soluble zein and from maize gluten is slight. Herring meal be­
haved in an intermediate way. Furthermore, casein hardened by drying pro­
duced much smaller quantities of NH3 than without hardening. MCDONALD 
(1952), OYAERT (1955), HEAD et al. (1957) and ANNISON et al. (1959) showed 
that by adding starchy feeds to the ration the level of NH3 in the rumen is 
reduced. 

Some attempts have been made in order to obtain estimates of the magnitude 
of the net N-losses in the proventriculi. The results were very variable as might 
be expected. 

GRAY et al. (1953,1956, 1958) using lignin as a marker examined the intestinal 
contents of slaughtered sheep. The quantity of N reaching the abomasum and 
duodenum was calculated to be equivalent to nearly 100% of the dietary N for 
sheep fed on 800 gms. wheaten hay (with 1.1% N), only 65% on 400 gms. 
wheaten hay and 400 gms. lucerne hay (N in the diet 1.8 %), as little as 48 % on 
800 gms. lucerne hay alone (2.9% N) and 117% on 500 gms. wheaten hay and 
250 gms. wheat straw (N in the diet 0.7 %). 

In the experiments of HALE et al. (1940, 1947) with two rumen fistulated 
cows, the entire contents of the rumen were removed, weighed, mixed, sampled 
and returned immediately to the rumen after a representative sample had been 
taken. By feeding the cows on lucerne hay and using lignin as a marker they 
found that at 12-14 hours after feeding only 40.4% of the feed protein was re­
covered in the rumen. 

From ROGERSON'S figures (1958), obtained with slaughtered sheep and with 
lignin as a reference substance, it can be calculated that 64 % of the crude 
protein in a low quality hay ration (6.9 % crude protein) had reached the oma­
sum; 36% of the crude protein and 84% of the digestible crude protein had 
been "digested" in the proventriculi. 

BALCH'S observations (1957) with rumen fistulated cows refer only to two 
of the proventriculi (rumen and reticulum), but are nevertheless interesting. 
With diets consisting entirely of grass hay the amount of crude protein leaving 
the reticulo-rumen often appeared to be at least as great as the amounts in­
gested as food, suggesting that there was little or no absorption of N from the 
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reticulo-rumen. With diets containing large amounts of concentrates and pro­
tein in the form of groundnut cake there was evidence of considerable loss of 
dietary protein (12-54%). 

An important approach has been made by OYAERT (1955) who measured the 
absorption in all three proventriculi together as has already been explained 
before. In 10 experiments the N-losses varied from about zero to 35 °/ They 
were very low on clover hay, intermediate on clover hay plus protein rich con­
centrate and highest on a diet of clover hay plus casein. In all cases the losses 
were sensibly reduced by adding 300 gms. potato starch per day to the diet 
There was a significant correlation and regression between NH3-content of the 
rumen and the N-loss, the regression equation being 

.y = -8.01 + 1.13 x, 

NH r e N Zfma "*?gef°f n e t " n i t r o 8 e n l o s s i n the proventriculi, and x = mg. JNH3- N per 100 ml. of rumen content. 

n ^mfn7tlT 'f ? n e d thC tech^es u s e d by HOGAN (1957) and HOGAN et al. 
(1960) and that of KAMEOKA et al. (1959) who succeeded in avoiding markers by 

36 ̂ o T S t s S ; ' " T S t a " fiSt?ted she£P- H o G A N « «/ S a loss oyf 36 / of the digest ble crude protein between the mouth and the pylorus and 

t^^^T™' fOT ̂  t0tal CTUde * « * " ^ s e figu\ePsylreS'25% 
t e n t X ^ i ^ S l 1 6 ^ 8 r fiSiUlat6d 8 0 a t s a11 a l ime*ary tract con-
centatesTatth m.^tit f T ' ^ ° n d i e t s o f h a ? a n d o f **y plus con­
centrates that the quantity of digestible crude protein digested in the three 
proventncuh ranged from -20.0 to 52 1°/ For rtJ t„tQi A ! !u 
fiaures were -8 ? tn qs s°/ T „ T Hi • he total crude protein these 
with 11 94 V crude nrotein' i t ? ° / t h e i f exPerif t lents only grass hay was fed 
X^hcid^oS^nlllli mf ̂  I n t h e s e ^Periments the loss of 

The NH^ aSornt on ^ l° ° ̂ Z20 % w h i c h m e a n s * gain of + 20 %. 
xne iNti3-aDsorption in the rumen mav be so hioh +>..,+ *u * •*• i r 

the food protein sensibly decreases. "UTHBERTSS S o t ™ ^ 
found that when first class soluble protein (caSS w fin ? f ° r ^ T r 
protein they did not make s a t i r f a c t o y ^ ^ t e / S ^ " 1 ^ "* **? 

t̂ ŝ ^̂ ^ 
percentage of protein and little S y mSerial & ^ " ' COn t a i n i nS a ^ 
greater as the proteins used are toore soluble A ̂ ^ r ' aS a r u l e ' t h e l0SS 1S 

found about a zero-loss or even a gain £ GPAV'' ° t h e r a U t h o r s ' h oweve r> 
the loss was namely zero; with whSi s t r a ^ r * ^ ^ 6 1 1 ! 8 w i t h w h e a t e n h a y 

about zero loss with gras hay, OYAERTfoul , I ^ l W&S 1 7 % ' BALCH f o U n d 

hay (14.4% crude protein in t L f r X a S n t h i S ^ ^ l0SS W k h ^ 
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As in our experiments (chapter VII) the protein contents of the rations were 
generally lower than in those mentioned above, and, moreover, a great deal of 
starchy material had been added, it is improbable that net N-losses in the pro-
ventriculi have occurred. Much more probable is a moderate gain, which might 
result in high figures for the biological value. 

PROTEIN SYNTHESIS IN THE FORE-STOMACHS 

The idea that the microorganisms in the fore-stomachs might be profitable to 
the protein metabolism of the ruminant has been formulated in 1891 by ZUNTZ 
and HAGEMANN. 

ZUNTZ suggested that, for their metabolism, the bacteria would utilize the 
amides in preference to the proteins so that the latter would be protected from 
degradation. Although he mentioned the possibility that the bacteria would 
build up bacterial protein from amides, stress was laid upon the protective 
action. 

Still better in agreement with modern conceptions is HAGEMANN'S wording. 
He reminded of the fact that the microorganisms flourish in a fluid containing 
amides instead of protein. From the amides they form their body protein, which 
could be digested later on, so that the animal body protein would be produced 
from the microorganisms. In case, however, that the amount of amides would 
be insufficient, they would use the protein which would be degraded and partial­
ly lost for nutrition. 

The two conceptions are closely related so that they are usually mentioned as 
the ZUNTZ-HAGEMANN theory. 

The theory of ZUNTZ and HAGEMANN has given rise to an immense number 
of investigations, some of them covering theoretical aspects, most of them with 
the intention to reduce true protein in practical rations (Reviews: KREBS, 1937; 
VAN DER MEULEN, 1940). In the Netherlands such investigations with milk 
cows were performed at the experimental stations at Hoorn and at Hoogland 
(BROUWER et al., 1943). Relief of protein deficiency by feeding urea or ammoni­
um lactate to dairy cows was, however, only obtained on rations very poor in 
protein containing 70 % of the digestible crude protein recommended by LARS 
FREDERIKSEN'S standard (1931), or less. 

Much fundamental work has been done in recent years. LOOSLI et al. (1949) 
showed that in the rumen of lambs fed on semi-synthetic rations almost com­
pletely devoid of protein all ten essential amino acids were synthesized from 
urea. All animals were in positive N-balance. The fact that they continued to 
gain weight on the urea diet, containing no protein, for over 3 months is further 
evidence of the formation of amino acids. Other studies were carried out using 
a purified diet containing glycine as the only source of N. Similar experiments 
were performed by AGRAWALA et al. (1953) and DUNCAN et al. (1953) with 
calves and by OYAERT (1954) with sheep. 

For a good understanding of the BV it would be very instructive to have 
figures about the quantities of protein leaving the omasum in microbial form 
and in the unchanged form. It has already been pointed out that proteins with 
low solubility are less severely attacked by the rumen organisms than the easily 
soluble ones. Moreover, a variable proportion of the N in the degraded protein 
is lost as ammonia. It is also agreed that degradation and resynthesis are surely 
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not so extensive that the BV of the protein in rations with 10-12°/ of crude 
protein is nearly always the same, namely about 60 (JOHNSON et al 1942) Defi­
nite figures however for the quantities of protein entering the rumen in the 
origmal and m the resynthesized form are far from being established 

McD^7l9ST. l^rT i n f r a t i ° n ab°Ut SP£cial *Pes of P«>tcin. MCDONALD (1948, b, 1954, a), investigating this question based his experiments 

2lltt^°\fn an?,the i m 0 l u b i l i t y o f m i c - b i a l ProteinTnTq"eou 
alcohol 80 / ; (v/y). In one of his experiments he also made use of the fact that 
zein is devoid of lysine contrary to microbial protein. When sheep with fistula in 

,,7-iv AU , ' * w a s f o u n d t h a t approximately 40% of the zein was 
utilized by ruminal microorganisms for the Synthesis of then- own proteSs In 

results could be obtained. MCUONALD, SO that only preliminary 

However important the work of MCDONALD mav h* *ua „ . ui 
degradation in ordinary rations r e m a i i X n ^ l v e d T ^ e , p r ° b l e m o f P r o t o n 
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g was present in the rumen as microbial nitrogen. 

From these investigations it is clear that „ A C • A 
tained concerning ^ m o r o H ^ Z l ^ J t ^ r ^ ^ ^ 0 b " 
abomasum. Nevertheless we are prenareH t f ^ h q u 0 r P a s s i nS t o t h e 

m the rumen may attain several tens of n e l f ^ t h a t p r 0 t e i n degradation 
of the N resulting from degradation L a i be 1 t T I n S ° m e c a s e s a S r e a t d e a l 

as used in our experiments however t w • P r o t e i n -P°or rations such 
stomachs or even a gain. In thSTale the n t 1S D° n e t l o s s o f N ** the fore-
completely resynthesized into bacterial n S ? 8 * w™ d e g r a d a t i ° n products are 
elude that in our experiments ftfSSeK?- W e ? a y t h e r e f o r e s a f e l v C0Q-
for a large part consisted of microbial protein ^ a b o m a s u m m u s t h a v e 
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As in our experiments the feed nrntp" 
microbial protein, it was necessary to c o n s f r t ^ w ^ l a r ^ converted into 

STOKES et al. (1946) found that the 1 t h e / e e d l n g value of the latter. 
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