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lEbttorial. 

THE MYSTERY OF ALIMENTATION. 

IN the Oliver-Sharpey lectures delivered before the Royal College of 
Physicians, London, on March 12 and 14, Professor E. P. Cathcart refers 
to the inadequacy of our knowledge concerning many of the fundamental 
processes governing the utilization of food in the body. 

As it is impossible in two lectures to deal with the whole field of meta
bolism, Professor Cathcart has confined his attention to the unknown, or 
part of the unknown, in connexion with the metabolism of protein and 
calcium. He has called the lectures the Mystery of Alimentation because 
of our ignorance concerning the intricacies of the problem. He states that 
mystery or no mystery, we have to deal with one of the very fundamentals 
of physiology-the proper provision both quantitative and qualitative of 
food.· . 

Great emphasis has been laid on the improvement of physique which 
would necessarily result from improved food intake. There is clear evidence 
that in many areas there has been a steady increase in the heights and weights 
of school children. In relation to food intake growth in man is slow compared 
with many other animals, and generally speaking food will have far less 
influence on growth than might be expected from experiments on small fast
growing laboratory animals. Fisher wrote "Experimentally the growth 
response to increased nutrition is found to be remarkably small and it is 
difficult to show that even this small response is of permanent developmental 
importance." . 

While it is freely admitted that growth restriction in the young may result 
when they are given an inadequate diet, there is good evidence from animal 
experiments to show that the ability to grow is retained for long periods. 
Though. similar experiments on children are not possible, there is much 
indirect evidence that. the recuperative pow~rs of children are also great. 
Palmer, from a study of the school attendance cards of 4,000 elementary 
school children, came to the ·conclusion that there was no significant associa
tion between height and weight and sickness. From a study of 415 subjects 
Hardy concluded that tpere is no indication of any generally retarding 
influence of illness per se on physical growth. 

Cathcart points out the shaky foundations· of nutritional knowledge. 
He says that many investigators have been far too prone t<;> accept average 
data, particularly on the quantitative side, as being absolute standards, and 
to pass judgment on diets as being adequate or inadequate irrespective of 
the place of origin, mode of life, racial habits, and so on of the consumers. 
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The Mystery of Alimentation 109 

Average figures have a value, but they have definite limitations. Their use 
has led to the assumption that as regards dietary habits all men are alike 
both in their tastes and their consumption. Further, the assumption is 
made that the data from.which these average figures; and ultimately stan
dards, are derived have been obtained from materials of constant composition. 
We know that the amount of protein, minerals, and vitamins present in 
vegetable foodstuffs varies with the season, type of fertilizer used, type of 
soil, and the like, within quite wide limits. Our so-called standard analyses 
of foodstuffs have not the fixity of value which is commonly assumed. 
Our knowledge of basic metabolic processes is equally defective. Basal 
metabolism is founded on a series of assumptions. Basal values obtained 
vary with the nature of the food consumed before the test. If rich in protein 
the basal metabolism will be high, whereas if carbohydrate predominates it 
will be low. 

As a rule the average respiratory quotient of a healthy man lies between 
about ·0·7 and 1·0. We assume that reactions giving rise to an R.Q. over 
unity represent a conversion of sugar to fat and those below 0·7 are regarded 
as evidence of bad technique, or if the low R.Q.s persist as possible evidence 
of <]onversion of fatty acids to some carbohydrate compound. Yet despite 
all these assumptions it is. admitted that the results in practice do afford 
much useful information regarding the energy needs of the organism. This 
happy practical result is due to the physico-chemical phenomenon that the 
caloric equivalent of oxygen, no matter for what purpose it is used.in the 
body, is remarkably constant, a fact which has been shown by the work of 
Leagard. 

Cathcart selected protein and calcium for special consideration. As 
regards protein it is assumed that the nitrogen output affords a reliable 
guide to the katabolism within the tissue cells. The possibility that some of 
the wholly or partially katabolized protein is used for rebuilding is ignored. 
The metabolism of protein is thought of as taking place by itself, while there 
is abundant evidence that this metabolism is largely influenced by the 
presence of carbohydrate or fat. 

Experiments on the starving subject suggest that fat can and does act 
as a sparer of protein in the absence of carbohydrate, and Lusk states that 
in starvation when there is no fat, protein may burn exclusively. It is 
generally accepted that carbohydrate is the fuel of choice for the performance 
of muscular work, yet Lusk believed that in starvation when the body has 
to rely on its tissue stores, the energy of muscular contraction is afforded 
by the oxidation of fat. The assumption that nitrogen excretion reflects 
exactly the protein metabolism of the tissues is approximately true if the 
experiment is oflong duration, but that it cannot apply to the<>daily turnover 
is shown by the fact that if a subject is in a state of nitrogenous equilibrium 
and an extra ration of protein is superimposed the resultant increased output 
of nitrogen is spread over three or four days, yet if a waste product like urea 
is superimposed in place of protein the excess nitrogen is excreted withiIi a 
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llO The Mystery oJ Ahmentation 

day. Cathcart states that the mystery of protein metabolism does not 
end here. Protein is our principal source of sulphur, and experiments have 
shown. that sulphur and nitrogen are excreted at different rates after their 
ingestion in the form of protein, and very special changes occur during the 
course of metabolism which would be impossible to explain on any simple 
combustion theory. When anabolic activity predominates in the tissues 
the sulphur is more quickly taken up than the nitrogen, and when katabolism 
holds the field sulphur is more rapidly excreted than the nitrogen. 

Cathcart maintains that there is another phase of the protein problem 
-its biological value that has lost its original beautiful and apparently logical 
simplicity. To-day it is laid down by those interested in dietetics that 
the perfect or optimum diet should contain a certain proportion of its protein 
in first-class or '" high biological" form. There are able investigators like 
Terroine, who deny the necessity of including first-class protein in the diet, 
but who admit that if the protein value is low and of poor origin supple
menting it with a certain amount of first-class protein may be useful. 
Generally it has been assumed that the biological value is something static, 
whereas it has been shown that the biological value varies inversely with the 
cOIicentration of protein in the diet. Hamilton has shown th~t when whole 
egg protein constitutes 4 per cent of the diet its biological value is 100, at 
12 per cent it is 84, at 16 per cent 62, and 50 per cent its value has fallen to 20. 
All values above 16 per cent must for technical reasons be" regarded with 
reserve. Hamilton, in his experiments with rats, showed that as the propor
tion of egg protein increased from 4 to 16 per cent in the diet of growing 
animals, the growth-promoting value of the diet also increased. Diets 
containing 16 to 30 per ceIlt were equal as growth-promoters, but when the 
protein was increased above 30 per cent growth-promotion decreased. Slon
aker also found.that maximal growth in rats took place when the diet containeq. 
14 to 18 per cent of protein. In Slonaker's diet the calories from protein 
formed from 12 to 15 per cent of the total calories. Taking Hamilton's 
16 per cent as the optimal protein concentration, it is found that protein 
calories formed 13·8 per cent of the total calories ingested. In this connexion 
Cathcart recalls that the proportion of protein calories ingested in the diet 
of the average man lies between 10 and 14 per cent. 

There is another aspect of the problem of biological values which is related 
to the amino-acid make-up of the proteins. Biological values are not of 

" necessity cumulative. Proteins which are deficient in the same amino-acid 
will not supplement one another in a diet, but jf two proteins differing in 
the amino-acid deficiency are combined together they will supplement 
each other, as when meat proteins are combined with flour proteins. In this 
supplementary action lies the value of a good mixed diet in everyday life. 
The addition of proteins derived from animal sources such as meat and milk 
will increase the food value of a diet mainly made up of cereals. 

Rubner pointed out phat when proximal principles, particularly proteins, 
were fed to animals they gave rise to a definite production of heat-specific 
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The Mystery of Alimentation III 

dynamic action he called it. Though the extra heat is useful for warming 
the body, it cannot be used for muscular work. 

Cathcart states that in recent years the specific dynamic action of proteins 
has again aroused attention, sometimes under the title thermogenic action. 
He says that the thermogenic action of foodstuffs is not the same at all 
levels of feeding. Hamilton has suggested that the specific dynamic action 
of food depends on the purposes for which the food is utilized in the 
animal body. He has found that the specific dynamic action decreases 
pari passu with each increase in the percentage of protein in the diet up 
to the level of about 18 per cent; it then remains constant between 
18 and 30 per cent and thereafter increases with diets which contain 42 
per cent and over of protein. 

Cathcart quotes Lusk: "We may conclude ... that if a mixed diet 
be so constituted as to conform to the needs of the tissues and be slowly 
introduced by absorption from the intestine, the specific dynamic action is 
virtually negligible; and when there is great undernutrition the gradual 
digestion, absorption and deposit of fat, added in excess of the body's 
requirements, may be accompanied by little or no manifestation of specific 
dynamic action." In other words the more perfectly ba,lanced the diet for 
any particular organism the greater will be the efficiency with which it is 
utilized, the smaller will be its specific dynamic action and the greater will 
be its net energy value. 

Voit suggested that the average adult diet should contain U8 g. of protein 
a day. The Technical Commission on Nutrition of the League of Nations 
suggested 1 g. per kg. of body-weight wo"uld suffice. Cathcart says it is 
difficult to decide the point finally for various minima of nitrogen output 
can be determined. Von 'Fiirth concluded that there were three definite 
'protein minima: (1) The endogenous minimum, the minimal output of 
nitrogen in the urine, after a period on a protein-free but calorie-rich diet. 
This is a physiological plinimum of only academic inter6st. (2) The 
physiological minimum which is' reached when, with a calorie-rich 
diet, nitrogen equilibrium can be attained. It means that an intake 
of 45'50 g. of protein a day will suffice. (3) The hygienic or practical 
minimum which is the amo~t of protein which will keep a man healthy and 
fit for work. Von Fiirth placed this value at 75-90 g. of protein a day. 
Generally speaking, calories derived from protein should form 10-14 per cent 
of the total calories ingested. ' 

In the establishment of a hygienic minimum the quality and balance 
of the diet plays a notable part. Corry Mann found that when he included 
milk in his diet, he could carry on in perfect health on a lower calorie intake 
than when he used meat as the source of his protein. There is a close 
relation between the katabolism of protein and calorie intake, 'a connexion 
more intimate than the katabolism of protein to furnish energy. It has 
been shown that above a relatively low protein intake nitrogen equilibrium 
on an adequate diet can be readily established; when the subject is underfed, 
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112 . The Mystery of Alimentation 

although there may be a fair amount of protein in the diet this equilibrium 
cannot be attained; there is a steady loss of nitrogen, even greater than in 
complete starvation. Benedict points out that when the diet contains 
an inadequate supply of calories the loss of nitrogen bears no relation to 
the enormous reduction in basal metabolism. Cathcart states that in 
ordinary feeding when nitrogen equilibrium can be attained there is a 
defintte phase of anabolic activity, an active resynthesis, whereas in the 
state of underfeeding the constant but inadequate supply of food may 
merely stimulate katabolism. He considers that the anabolic phase of 
protein metabolism' is too often ignored. There is evidence that the 
protein ingested is not immediately katabolized. There appear to' be 
two types of protein retention: the first type of retained protein may be 
conceived as that which is essential for the maintenance of growth, the 
second being transitional, the type which is rapidly metabolized. Too often 
it is supposed that the individual constituents of a diet are separately 
oxidized; it is probable that they become an integral part of the living cell 
before they undergo the metabolic changes which lead either to trans
mutation or destruction. 

Although there is a definite demand for protein from those who carry 
out hard muscular work, there is no scientific evidence that the body requires 
an increased intake of protein for this purpose. There is, however, evidence 
that the most virile races are large consumers of animal protein. Cathcart 
asks why does the popular demand outrun scientific knowledge. Is the 
diet not properly balanced? Or is the protein required in larger amounts 
for the maintenance of cellstructirres? In his study of the relation of protein 
intake to the efficiency with which hard muscular work was performed, 
Wishart found that his subject reached his best performance on a high. 
calorie diet rich in protein of animal origin. 

As the other example of the difficulties which confront our accurate 
interpretation of alimentation Cathcart·chose the calcium need. The stan
dards have fallen in connexion with advancing knowledge. Two or three 
decades ago Tigerstedt held that a man required 7 g. a day, whereas the 
Sherman standard postulates' 1 g. as optimal.for the average adult. It is 
difficult to speak of the absolute needs of calcium as the need is governed 
by the amount of phosphorus and vitamin D available. A difficulty in 
computing the requirement of calcium is that the excretion of this is mainly 
in the freces, only about one-fifth appearing in the urine. Part of the 
material excreted through the intestine has never left the gastro-intestinal 
tract, having formed compounds which cannot be absor:bed. Cathcart 
thinks it is questionable whether excretion, other than in the digestive 
juices, takes place to any extent in the intestine. He considers that Sherman's 
standard requirement for calcium is based on data which are difficult to 
accept, and the figure of not less than 1 g; per day for adult maintenance 
has been given greater significance than its origin justifies. 
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The Mystery of Alimentation 113 

Leitch, as a result of a statistical study, concluded that the daily require
ment of an adult is reached with an intake of 0·55 g. 

Berg does not believe it is possible to lay down any specific quantity of 
mineral substance as being necessary, for the need is dictated by other 
factors in feeding. Durig is of the same opinion. The conclusion that the 
time is not ripe for rigid iltandards is supported by the first report of the 
Advisory Council on Nutrition in the Commonwealth of Australia. 

It has always been assumed that the calcium in milk is readily utilized by 
children, but Kinsman, Outhouse and Mitchell, have shown that the utiliza
tion figure for pre-school children is only 20 per cent, a very different 
figure from 98 per cent obtained by Ellis and Mitchell in their experiments 
on rats. 

Cathcart writes that in view of the difficulties surrounding the excretion 
of calcium it is interesting to note that there is some evidence that the 
calcium which is released in endogenous metabolism may be re-utilized by 
the organism. Output does not give an exact clue to the changes taking 
place in living cells. Bone is often regarded as a mere static skeleton com
ponent, whereas it is an active site of metabolism. 

There is the further difficulty, that although a proper amount of calcium 
may be ingested, there may be present in the diet some other material, such 
as oxalic acid, which will combine with the calcium and render it unabsorb
able. Spinach is rich in oxalic acid and experiment has shown that if milk 
and spinach are taken together there is a definite reduction in the amount of 
calcium used. 

With regard to the metabolism of calcium in connexion with rickets and 
osteomalacia, there are many difficulties to explain. Wilson has found that 
in certain districts of the Punjab, where rickets and osteomalacia are rife, 
the diets are grossly deficient in calcium and vitamin D. This might be 
anticipated, but in another district where environment and diets are similar 
and the food equally deficient, rickets and osteomalacia are almost unknown. 

There is yet another assumption in the discussion of diets which is known 
to be false-that modern man consumes the same food day in and day out 
all the year round. Cathcart suggests that it is physiologically unsound to 
aim'at an optimal intake day after day-an intake which probably contains 
an excess of all the essential proteins, salts, and vitamins. The body was 
~designed with high "f~ctors of safety." It does not lead a hand-to-mouth 
existence. Indeed one might say that variability in the supply of food is a 
more adm.irable physiological arrangement than constancy of provision . 

• 
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