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THE constitution of the animal body is such that it necessitates a 
certain minimum quantity of organic and inorganic nutrients for the 
maintenance of those vital physiological functions associated with the 
mere existence of life. 

Thus the continual catabolis:r;n of nitrogenous material in the 
protoplasm which forms an inevitable but nevertheless integral part 
of the daily metabollism and existence of the animal body must, to 
avoid ultimate disintegration and destruction of the cellular mass, 
be replaced by an equivalent amount of nitrogenous material of a 
100 pilr cent. biological value. Hence it is cllear that this quantity 
of nitrogen is the bare minimum to which the exogenous supply can 
be reduced without impairing the general health, vigour and vitality 
of the animal. Recently Burroughs and Mitchell have shown that 
there exists a distinct difference in the nature and composition of the 
nitrogen requirements for maintenance. Apparently 30 to 50 per cent. 
of the endogenous nitrogen can be replaced by almost any type of 
nitrogen. Thus urea and the different ammonium salts may satis
factorily replace this portion of the nitrogen losses, arising from 
the idling activities of the protoplasm There appears to be no doubt 
on the other hand that the remaining portion can only be satisfied 
by a selective combination of indispensable amino acids. A deficiency 
in any one of these amino acids impairs the total nitrogen utilization . 
It remains therefore to be shown in how far the latter portion m
fiuences the utilizability of the former, whether there exists any 
relationship between them or whether they can be satisfied indepeh
dently from two different sources . If no relationship between 
these two fractions should exist, so that the former portion 
can for instance be satisfactorily replaced by non-amino acid nitrogen, 
irrespective of whilther the requirements of the latter portion have 
been fulfilled, then it would mean, that the actual protein require·· 
ments as measured by the endogenous metabollism, are considerably 
reduced. In fact it would mean that such requirements can best be 
expressed in terms of total nitrogen, with a clear discrimination 
as to what portion of thP. total can be r eplaced by non-amino nitrogen 
and what fraction requires a complete assortment of indispensable 
amino acids in the form of crude protein. 'l'he practicability of such 
a differentiation will be extremely difficullt due to the fact that no 
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protein can satisfy the amino acid requirements of the second fraction 
with a 100 per cent. efficiency. Consequently those amino acids 
dispensable for maintaining the integrity of the protoplasm will be 
utilized for the replenishment of the nitrogen losses associated with 
the first fraction. Hence the requirements of non-amino acid nitrogen 
will automatically be reduced proportionally, making the situation 
very complex indeed. Furthermore, apart from the fact that very 
little economical benefit can be derived from the partia!l replacement 
of the endogenous losses by ammonium compounds, it is still to he 
shown that the continual feeding of such compounds over a period 
of time does not effect the general health, vitality and vigour of 
the animals. It appears, therefore, that the endogenous nitrogen 
expressed in the conventionall way as protein remains the safest and 
most practical way of calculating the maintenance requirement of 
nitrogen. In fact the requirements based on this principle will allow 
for a certain amount of safety, since it can be expected that the 
indispensable amino acid portion, which is in all probabillity the 
most essential fraction, will be satisfied first before any excess amino 
acids will be converted to satisfy' the nitrogen needs of the former. 
For this reason a study of the endogenous nitrogen metabolism in 
view of calculating maintenance protein requirements was under
taken. 

EX.PERIMENTAL. 

Nine [arge white pigs ranging in weight from 24 to 34 Kgm. 
were put on a standard protein ration for 10 days and then on a 
nitrogen free ration, the composition of which is given in Table 1. 
Daily collection of urine and faeces was executed during the period 
of nitrogen free feeding. The metabolism crates were the same as 
used in our sheep work. The faeces were carefully collected, the 
screens were washed with distilled water into the urine colllecting 
bottle. Urine was collected in acid medium. The daily collection 
of faeces and urine plus the washings were aliquoted and the latter 
ana!lyzed for total nitrogen, creatine plus creatinine and urea. The 
urea was determined according to the method of Von Slyke and 
Cullen, creatine and creatinine by the method of Folin (1914) and 
total nitrogen by the usual Kjeldahl method. Pigs were fed twice 
daily and supplied with pllenty of distilled water. 

ExPERIMENTAL RESULTS. 

In graphs 1-5 a1·e given in graphic form the results of the daily 
nitrogen, creatine plus creatinine and urea excretion of 5 pigs from 
the first day that they were put on the nitrogen low-ration. As 
will b(;l seen from these graphs there is a very sharp drop in 
total nitrogen excretion the first day. From then onwards the daily 
nitrogen excretion decreases at a slow rate, and reaches a constant 
output with a!ll pigs at approximately the 6th day. Hence it can 
be assumed that the endogenous level with pigs of this age and 
receiving previously a 16 per cent. protein ration is reached at the 
6th day of nitrogen free feeding. The creatine plus creatinine excre
tion remains absolutely constant as can be seen from the graphs, 
showing that no tissue catabolism has taken place. The urea excretion 
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on the other hand behaves more or less !like the nitrogen excretio.:~.·. 
After dropping slowly the first 4 days it stays almost constant for 
the rest of the period. This shows that although urea is chiefly an 
end-product of exogenous protein metabolism, a constant portion ir_ 
nevertheless, derived from endogenous protoplasmic reactions. 

In Table 2 are given the results of the endogenous nitrog0n. 
metabolism on the nine pigs together with the results of 5 pigs 
previously measured by Smuts (1935) .• The weights of these pigs 
vary from 24 to 79 Kgm. In column 4 the endogeno~s nitrogen has 
been converted into the conventional protein. In the following 
column the data for the calculation of K in the equation P = KW o1a 4 

previously used by us for sheep, are given, With the e.)(ception 
of pig 5, for which a very low value namely 0 · 67 was obtained, the 
rest of the values agree fairly well. The average value obtained 
for the 14 pigs is 0·81, giving therefore an equation of P=0·81W" 734 

for the estimation of the maintenance protein requirements of pigs. 
By utilizing this equation and the weights in Kgm. of the pig~, 
the protein requirements were estimated. These values are given 
in the second last column. 'l'he percentage deviation between these 
values and that originally measured are given in the last column. 
The value obtained with pig 5 naturally deviates considerably from 
the measured value and influences to a certain degree the average 
percentage deviation of the group. If this value is omitted it is 
seen that in no case does the. percentage deviation exceed the .10 per 
cent mark. However, since exceptional cases like that of pig 5 
are very often encountered, it must be assumed that certain animals 
have a distinctly higher or lower endogenous metabolism than the 
average and cannot therefore be excluded from a set of data. 'l'he 
average percentage deviation between the measured . endogenous 
protein and that estimated from the above equation is ±4·9. This 
deviation is extremely small and shows that the determined equation 
can be utilized successfully in practice for the estimation of tl;.e 
maintenance protein requirements Of pigs. 

In Table 3 all the existing data on the endogenous nitrogen 
metabolism of pigs as summarized by Mitchell and Hamilton (1929), 
and to which our own have been added, are tabulated. The idea 
was to ascertain in how far the constant, and hence the equation, 
determined from our own data,' will apply to the e2.:i.st.ing d;:tta 
including wide variations in weight. As will be seen from Table 3, 
the average weight of these pigs range from 14·3 Kgm. to 79 Kgm. 
Thus the constant arrived at from these values ought to be very 
representative. Except for the three values namely , 0 · 67, 0·63 and 
0·69 obtained by Smuts, Morgen and Pfeiffer respectively , the 
constants as a group do not vary to a great extent. The average 
value of 0 · 79 is in close agreement with that of 0 · 81 obtained by us 
on 14 pigs, of less variable weights. Even with the inclusion of the 
above three values, which definitely fall far below the average 
value, it is nevertheless interesting that the average percentage 
deviation between the measured and the est imated protein require
ments is only ± 6 · 7. These figures seem to indicate that the 
endogenous nitrogen is closely related to the power function of weight 
or t o the surface area of an animal. Another important fact seem~s 
to be the close r elationship between the endogenous n itrogen of 
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different species per square meter or i function -of the weight. Thus 
we have found previously that the constant for sheep in the same 
equation as that of pigs is 0·74, a value which is very near to 0·79 
as. found for pigs. It is quite possible that if large enough numbers 
of animals are· employed for the determination of the endogenous 
nitrogen, that similar equations may be obtained. It is clear from 
these data that the equation P = 0 · 81 W · 734 can be utilized success
fully for the estimate of the maintenance requirements of pigs. It 
is ·quite obvious that the equation P=0·79 .W.r34 will probably give 
a truer representation of the actual endogenous nitrogen, since it 
represents a more distributed set of data. However, for practical 
purposes K = 0 · 81 will be ssfer since it allows for a certain amount 
of safety. 

SuMMARY AND CoNcLusiONS. 

The endogenous 11itrogen metabolism of pigs have been measured 
and an equation evolved for the estimation of the maintenance protein 
requirements of pigs. I' he equation obtained is P = 0 · 81 W .. a, 
where P = protein in grams, and W weight in Kgm. 
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TABLE 1. 
Percentage Composition of 

Starch ........ . 
Agar .. . .. . ..... . 
Boneash 
Salt .. . ......... .. . 
Yeast ...... .. . 
Codliveroil 

ToTAL 
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ENDOGENOUS NITROGEN METABOLISM OF PIGS. 
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