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T R A N S L A T O R S ' P R E F A C E

RAGNAR BERG'S book marks the close of an epoch, the epoch
during which the knowledge of vitamins was almost wholly
confined to those who were engaged in the experimental
sttidy of the subject, and the epoch during which the data
of the new science of nutrition were hidden away in the
" transactions" of learned societies or scattered almost
irrecoverably in the columns of polyglot periodicals. Berg
has summarised all this matter within the compass of a single
volume; has contributed new outlooks; and has provided
a platform for the work of future investigators. Incidentally,
he has written a book which, though adapted for specialist
use, is anything but abstruse, and cannot fail to be of supreme
interest to the general public—which is awakening to the
importance of vitamins, and is in search of a guide through
the dietetic labyrinth. There have been several at tempts of
late years to popularise the modern outlooks on dietetics.
Notable among those in the English language are Vitamins and
the Choice of Tool, by Violet G. Plimrner and R. H . A. Plirnmer
(Longmans, London, 1922), and Vitamincs: essential food

factors, by Benjamin Harrow (second edition, Routledge,
London, 1923). Either of these may usefully be read by the
layman and the beginner as an introduction to the t subject,
t u t no serious student can afford to ignore Berg's masterly
and comprehensive volume.

O u / quotation of the respective titles of Harrow's and
the Pliramers' books brings up the question of terminology.
The word " vitamine" was introduced ten years ago by
Casirnir Funk (one of the pioneers in these investigations) f
to denote the antineuritic factor discovered and partially '
isolated by him. He chose the name in the belief that the
substance belonged to the class of chemical compoundi known
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as " amines" or " amins." We follow good precedent in
dropping the mute " e " from the word used as the title of
Berg's book. But this does not solve the difficulty*occasioned
by the extension of the term vitamin to denote a whole class
of substances most of which certainly contain no nitrogen—
whether " Funk 's v i tamin" does so or not. That is why
some authorities prefer to speak of these substances as
" accessory food factors/ ' and this name is used in the title
of an excellent governmental publication {Report on the Present
State of Knowledge concerning Accessory Food Factors, H.M.
Stationery Office, 1921). But the proposed name is worse
than cumbrous; it is vague; it might just as well describe
the contents of an ordinary cruet-stand. The vitamins
A, B, C, etc., are doubtless " accessory food factors " ; but
so are pepper, salt, and mustard; so is the " roughage"
without which we should perish even though our food were
to contain an abundance of proteins, fats, carbohydrates,
and salts, together with an overplus of vitamins. Ragnar
Berg therefore proposes to restrict the use of the word
" v i t a m i n " to Funk's vitamin (or vitamins), and to speak
of the general class of substances to which the antineuritic
principles, the antiscorbutic principles, the growth-factors,
etc., respectively belong as the " complettins." Thus the
general name for the maladies de carence, the deficiency diseases,
is to be, not " avitaminosis," but " acomplettinosis." And
our author is fairly successful in his attempt to be consistent
in the use of his own terminology. But it will be noted that
ttie title of his book is Vitamins, although the exhaustive
chapter on " Beriberi and other forms of Polyneuritis," which
is a detailed study of Athe nature and action of Funk's vitamin
or vitamins, occupies only one fifth of the volume.

Here, in fact, as so often, usage rides rough-shod over
attempts a t linguistic purism. The picturesque word
" vi tamin/ ' as a general term, has come to stay. The*current
employment of a. word rather than its derivation, or its
definition. by a precisian, ultimately decides its meaning.
The public imagination has been fired by the idea of these
substances so recently discovered, so absolutely essential
to life. In the first syllable of the word " v i t a m i n " there
is an •appeal to a universal effect, to the instincts of
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appears to be a contributory cause of rickets and other
deficiency diseases.

Another point in which Berg is an innovato* relates to
the number of the vitamins or complettins. Hitherto most
authorities have spoken of three only. Writing in 1922,
Leonard Williams says (Encyclopedia Britannica, twelfth
edition, vol. xxxii, p . 931) : " There are probably a great
many vitamins in natural foods—live or quick foods as they
are called—but up to the time of writing three only have
been isolated. These a re : (1) the antiscorbutic factor;
(2) the water-soluble B ; (3) the fat-soluble A." Only three
vitamins are considered by the Plirnmers and by Harrow in
the books already mentioned—although Harrow, in the
appendix to his second edition (p. 245), does indeed refer to
Casimir Funk's recent contention that " vitamin B is really
a mixture of two vitamins, which he proposes to call vitamin
B and vitamin D." Similarly McCarrison, one of the most
noted investigators in this field, writes as follows in his Studies
in Deficiency Disease- (Henry Frowde and Hodder and
Stoughton, London, 1921, pp. 244-245) : " I have written
of three vitamins, because three are known, not because it
has been proved that there are only three. But whether
there be only three or legion, they will be found to exist—and
this is the important point—in the foods made in nature's
laboratory, in quantities and combinations adequate for the
due digestion and assimilation of the natural foodstuffs with
which they are associated in nature. The subdivision of
xfrtamins into many classes is not without the risks attendant
on decentralisation. Vitamins, like other essential constituents
of the food, are not to be regarded as independent of the
assistance derivable from their associates in the maintenance
of nutritional harmony. Each vitamin is but a member of
a team, and the team itself but part of a co-ordinated whole."

Now Ragnar Berg is well aware of the importance of this
conception of team work. (And, like McCarrison, he repeatedly
stresses the perpetual interaction between the " t e a m " of
the vitamins and the •' team " of the various endocrine glands
in maintaining the balance of healthy nutrition.) But he
thinks t h a t the time is ripe for a somewhat more elaborate
dtffereiftiation of the complettins. Provisionally, therefore,
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he distinguishes five groups. The table showing our present
knowledge of the complettin content of the various foodstuffs
(pp. 328-331) is arranged in as many columns. The first
of these deals with vitamins in the narrower sense of the
term, and shows the richness of the different nutrients in
Funk's vitamin (or vitamins, for Berg opines tha t they are
multiple), which is the chief antineuritic principle of the
food. Next—though not in the order named—come columns
showing the quality of the foodstuffs as concerns their richness
in the complettins which, pending their elusive isolation and
a determination of their chemical composition, are known by
letters of the alphabet: A, fat-soluble, often referred to as the
antfrachitic principle; B, water-soluble, whose predominant
importance according to Berg is as growth-factor; C, water-
soluble, the antiscorbutic principle; and D, water-soluble,
differentiated by Berg both from B and from Funk 's vitamin
or vitamins, but like the latter functioning mainly as an
antineuritic.

So much for the outlook upon the problem from the point
of view of the substances known as vitamins, complettins, or
accessory food factors. But Berg also considers the topic
fully from the point of view of the deficiency diseases. First,
of course, comes beriberi with the other forms of polyneuritis,
for it was a study of these disorders which initiated the new
science of dietetics. Arrest of growth demands a special
chapter, and as an appendix to this comes a discussion which
throws a little light on the nature of the still obscure tropical
disorder known as psilosis or sprue. Scurvy, naturally, has
a chapter to itself. Rickets and osteomalacia, xerophthalmia
and keratomalacia, receive full consideration in the chapter on
the fat-soluble complettin A. The penultimate chapter
deals with various forms of oedema as deficiency diseases,
and establishes the substantial identity of the " malnutritional
oedema '* of wartime experience with the " famine dropsy "
of India, with " ship berberi," and with " prison dropsy.1'
The concluding chapter is devoted to pellagra, and to the
author's final summary of the whole position of the enquiry at
the date of his writing. How recent this is may be deduced
from the fact that his bibliography of more than 1,500 entries
is carried well on into 1922, and tha t on pp . 326-327 he Quotes
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a passage from Sherman and Smith's book The Vitamins,
published in New York only last year.

Apart from these " major" ailments which are classed in
the nosology as definite " diseases," Berg's presentation of
the evidence abundantly confirms the contention of those
dieteticians who hold that an enormous amount of " minor "
ill-health is due to what French writers have termed carence
fruste or hypocarence. Many, perhaps most of us, suffer,
not only iu wartime, but under the comparatively favourable
conditions of peace dieting, from what may be termed " larval
deficiency diseases"—or from the effects of such diseases
during our infancy and childhood, or from the effect of such
diseases in our progenitors. On the paper cover of Otto
Ruhle's book Das proletarische Kind (The Proletarian Child,
Langen, Munich, 1922) is a picture of two children who might
be matched from any slum district of Europe or America.
Both have the typical facies of acomplettinosis in childhood.
The originals of these portraits would probably be found
to present the stigmata of rickets ; but, short of actual rickets,
hypocarence causes stunting of poorer urban children as com-
pared with the children of the well-to-do. Yet even the
latter are stunted, thanks to the futility of our " civilised "
methods of preparing food. Take, for instance, Berg's state-
ment on p . 189, based on the observations of Delf, Aron,
Erich Muller, and others, that " in children . . . supposed to
be thriving, to supplement the diet by fresh vegetables, extract
of green vegetables, extract of carrots, or extract of bran,
could always bring about a further increment of growth.
These observations show how defective the nutrition of our
childreji must be in contemporary life, even under what appear
to be favourable conditions."

McCarrison, in especial, has emphasised the importance
of this aspect of the new science of dietetics. He says we must

, always be on the look-out for avitaminosis, thanks to the
pestilent way in which we habitually denature our food.
" I t seems to me tha t * loss of appetite ' is one of the most
fundamental signs of vitaminic deprivation. I t is a pro-
tective sign : the first signal of impending disaster. I t should
at once excite stispicion as to the quality o | the food in any
patieift who may exhibit i t " (op. cit., p. 57),
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The doctors of an earlier generation, who practised among
those prone to overfeeding, used to say " we dig our graves
with our teeth." But contemporary diet is just as likely to
err by defect as by excess, and there is equally good reason
to say that the foundations of premature death are laid in the
flour-mill and in the kitchen, by the various processes with
which profit-hunters and ignoramuses spoil our foods. " Fire
is a good servant but a bad master/' and man must learn to
use fire less on his food and to use it more wisely, if he wishes
to enjoy the best of health. Every intelligent reader will
draw his own conclusions as to the practical application of
the new knowledge to the regulation of his own diet. If a
simple formula be requisite, it may be enough to quote
McCarrison once again (p. 244) : " There are no more important
ingredients of a properly constituted diet than raw fruit and
vegetables, for they contain vitamins of every class, recognised
and unrecognised." If a crucial example of the sort of thing
to avoid be desired, take that cited by Berg (p. 268) from
McClendon. The craving for fresh nutrients, says McClendon,
undoubtedly has a survival value. " Among the American
soldiers in the trenches, when their rations were restricted
to chocolate, eggs, dried milk, and sugar, worked up into a
sort of biscuit, he noted that this craving became over-
powering within two or three days, and led them to refuse
their rations." (Apparently the idea of the U.S. army
authorities was that soldiers in the front trenches were like
Robots. " You can feed them on pineapples, straw, whatever
you like. It's all the same to them ! ")

Many of us go through life with no serious risk of rickets
or osteomalacia; we shall not get scurvy unless we visit the
South Pole or the Klondike; our chance of beriberi or mal-
nutritional oedema is infinitesimal. But perhaps most of us
suffer at one time or another from deficiency diseases; perhaps
all of us * under extant conditions, are affected during the
years of growth by tares which are wrongly supposed to be
tares h6r6iitaires9 or due to "weakness of constitution."
Many of these troubles are, indeed, due to the follies of our
parents or our parents1 parents; but they are by no means
instances of " the inheritance of acquired characters," and
yet quite as definitely as congenital syphilis they are tases
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V I T A M I N S

CHAPTER ONE

I N T R O D U C T O R Y

F R O M the days of Liebig down to the year 1910, only four
classes of nutritive substances were recognised: proteins,
fats, carbohydrates, and salts. I t is true that Liebig already
drew attention to the fact that development cannot run its
normal course, either in plants, or in animals, should the
supply even of one of the necessary constituents of a complete
diet be inadequate. The development of living beings is regu-
lated by the supply of whichever element is least bountifully
provided. In a word, this is the " law of the minimum." So
preponderant, however, is the importance of protein as the
main factor in the building up of cell substance, that investi-
gators speedily came to overlook all other matters, and to
concentrate upon the supply of protein. Rubner, therefore,
took a great step forward when he proved tha t it is not enough
t o furnish a sufficiency of protein, and tha t our aim must be
to provide the body with the requisite modicum of energy.
B u t here was a new fundamental principle to monopolise
at tention. As soon as a definite relationship between the
nitrogenous and the non-nitrogenous ntitritive elements had
been experimentally established, the general belief prevailed
t h a t the edifice of the doctrine of nutrition had at least been
finished in the rough. The various rooms of the structure
might still require decoration, bu t no one anticipated any
further extensive additions to the general body of knowledge.

I n this reckoning, the fourth class of nutritive substances
was, however, entirely overlooked, The inorganic constitu-
ents of the food, or, as they are usually named, the nutritive

2 17



18 VITAMINS

salts, had been so much discredited by the unproved assump-
tions of unqualified curemongers and quacks and by the
premature practical application of their ungrounded theories,
that no one ventured to undertake serious research in this
field. I myself, more than half a generation ago (instigated
thereto by the pioneer work of my sometime chief, the
revered Carl Rose), emphasised the importance of the inor-
ganic constituents in nutrition. But whereas people were
quite prepared to recognise that the law of the minimum was
valid in the case of carbohydrates, and even in the case of
fats, no less than in the case of proteins, there was little incli-
nation to admit the practical working of the same law as
far as the inorganic constituents of food were concerned.
The amount of the total ash, the amount of sodium chloride,
and subsequently too the amounts of calcium and of phosphates,
were considered—these were the only inorganic constituents
to which any attention was paid. I t was at most conceded
on the theoretical plane that the so-called ash contains a
number of other substances which must be included among
the genuine nutritive elements. The practical inference from
this admission, that the law of the minimum must be valid
in the case of every one of these additional substances, was
sometimes disputed but more frequently ignored.

The most grievous defect of the old theory of nutrition
was the way in which that theory overlooked the universal
validity of the law of the minimum. Investigators ignored
the extent to which every tissue builder is dependent upon
all the others, They failed to realise that what is decisive
for development is, not so much the absolute quantity of
the various nutritive elements, as their relative proportions
They did not understand that the bodily need in respect o
any one constituent of a diet can be determined only whei
we simultaneously take into account all the other factors o,
nutrition.

An additional defect, one to which I called attention
fifteen years ago, was that in experiments concerning nutrition
the duration of the experiment had invariably been far too
short. My o\to experiments lasted at first for a week. Subse-
quently I extended them to a fortnight, and ultimately to
seveAl months. I t thus became evident to me how intimate
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is the connexion between the individual constituents of our
diet. I learned that it is impossible to ascertain the body's
need for any one substance, or to learn the way in which tha t
substance acts upon the body, unless all the other constituents
of the diet are being supplied in optimal quantities.

The third defect in the earlier study of nutrition was,
finally, the primary assumption tha t the ordinary diet of
civilised peoples contains all the necessary constituents in
the necessary quantities. This assumption was supposed
to be confirmed when in the course of a brief experiment
no immediate or considerable loss of weight could be detected.
I t became the practice, therefore, to adopt as the basis of
experiments upon the requisites for nutrition the very thing
which had to be proved; the average supply of the various
constituents of a customary diet was assumed to represent
the bodily need for these constituents.*

The present work was begun in 1920, when we were entitled
to celebrate the decennary of a new epoch in the doctrine of
nutrition. In 1910 the liveliest antagonism would have been
aroused by the assertion that our diet contained, in addition
to the familiar four classes of food constituents, quite a number
of other substances of a still uctknown nature, substances
absolutely essential to the welfare of the organism. When
Schaumann here in Germany first began to speak of such
essential accessory food factors, I was for a long time adverse
to the assumption, and I attempted to explain the phenomena
attributed to tine alleged accessary food factors as the effects
of the inorganic constituents of our diet, these being my own
particular hobby. I t seemed incredible tha t accessory food
factors could have been overlooked for three quarters of a
century. Beyond question we were only at the beginning
of our knowledge of the effects of the inorganic constituents
of food, and many surprises must still await us in this field

• This is the method which Rubner has employed quite recently when
endeavouring to ascertain whether the wartime and post-war diets of Germany
contained a sufficiency of calcium. He simply assumes that the pre-war
diet both of Germany and of Japan was adequate in this respect, and thus
his comparisons enable him to draw the conclusion that our present diet
contains enough calcium. Unfortunately, not only does he use for his calcula-
tions estimates of calcium content which are sometimes erroneous and some-
times mere assumptions, but he likewise overlooks the fact that sjjecialists
have tepeatediy proved tliat the pre-war diet was deficient in calcium J
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of research. Even at that date, however. tl*« i '•*•«• «:*'
numerous indications, merely awaiting amf\tttu%u* t\. *. <^
foregoing explanation was inadequate, hit^i mi .».'. <•
was the evidence that the substances in questi*<« **< *• Jf<

in almost infinitesimal quantities, like* those of ** J*r !^] I $

medicine; secondly there was the fart that tK- * ^ ; -
were theraiolabile, were easily destroyed by !i* «** \\« *;
indeed, that the application of modeiati- In at * « •-
could exercise an influence upon the inoiRan*' M r J | f '
of a diet. For instance, we knew that whm ttn% i J '
for too long a time the complex carboph^pii-**' • * ' "
and magnesium undergo decompo^ition, ami tha? A J r« *} "
of insoluble carbonates and phosphates is 4**}^ H* I %
the wall of the containing vessel. Thesi* tliii»4**l»''i!* .»
are essential to the body of the new born infant , !}«*;i ^
drawal from the milk leads to a defirienry f*f hint- JII t}^ f *
and this may endanger the life of the nuNim: t'*i< st •
withdrawals of inorganic substances irmn thr f*̂ *i -**r

have a decisive influence upon nutrition, the rjn-mMK' h
be measurable in centigrammes or even in ihrifMui* n,
whereas the antineuritic constituents ui t\n* U*+\ j i
notable effects in quantities of milligramnii s *>t U+*iu i.*.
a milligramme.

When yet other classes of food ronstitumf *> h,%*\ )«*
discovered, having an analogous but nevfrthel*^* ••j-rofv »
different influence upon nutrition, my hypc*ih«^s*' !^<^i
untenable. I was forced to admit that nttr diet tnn^t «- r^,
small but very important quantities of many btfttrf f u ti?4n^
kinds of substance. The chief reason why thrv ^'t*- t
discovered sooner is one that has b«!**n already mU* .%u*l
the unduly brief duration of experimentH tiprm nytiifi^r

During the last few years, the Hteratitre i-rnlmlvs
results of these researches has attainfd ccmsir)er.ih)r' j
tions. The world war, and the consequent s e v n , u A
nations, have however greatly hindered the grcmth of
ledge. It has been impossible for the individual t
to keep himself adequately informed concerning
similar to those upon which he himself was engaged, f %jin
in Germany have we suffered from this hick, and ttut n c
ta in l / one of the reasons why the Germans have hem
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greatly outstripped in the field of s tudy we are now considering
—although Germany may be regarded as the scientific father-
land of vitamin research. Hence the German publications
during the war had in most cases been long forestalled by the
American, to say nothing of the fact tha t the writings of
the German investigators lacked the fertilising influence
resulting from the study of foreign models. Furthermore
the literature of the subject is very widely dispersed, so tha t
years of work are requisite to secure a competent knowledge
of what has been achieved.

Since from the very outset I took a keen interest in these
researches, I have been able to secure a fairly complete collec-
tion of the relevant literature. For this reason, at the close
of the first decennium of the investigation, I feel entitled
to at tempt a comprehensive survey of all tha t has hitherto
been learned concerning vitamins. I t must be admitted
tha t the task is almost beyond the powers of any one person,
seeing that at least a cursory knowledge is essential in the
most diverse fields of chemistry, physiology, internal medicine,
pathology, and morbid anatomy. In view, further, of the
confusion that prevails upon this subject, i t should hardly
be necessary for the author to plead for the reader's indul-
gence. Such a first attempt will hardly be free from a few
mistakes.

The confusion to which I refer is extremely conspicuous
in the matter of nomenclature. At the outset of these
researches, when investigators were still almost exclusively
concerned with beriberi and the kindred experimental poly-
neuritis, there was a certain justification for considering both
the curative and the preventive effects of the newly discovered
substances on parallel lines with the familiar medicaments.
Consequently, each newly discovered substance (or rather,
mixture #of substances) received a special name. The first
of such names was " X acid," used b y Hulshoff-Pol in his
papers of 1902 38 and 1907 68 for the antineuritic principle
isolated from the bean katjang-idjo (Phaseolus radiatus).
The earliest Japanese investigators who attempted to isolate
the antineuritic substance likewise regarded i t as an acid,
and named it " aberi acid." li6 Funk, however, found t h a t
he was dealing with an organic base, and spoke of* it as
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" vitamin." As a matter of course, numerous attempts
were promptly made to turn the new discoveries to practical
account. A flood of- antineuritic preparations invaded the
market, and the tide is still rising. I t was equally a matter
of course that each of these preparations should receive its
own patented designation. Thus we have : oryzanin 2 l 0 ;
torulin 220; orypan 884 ; antiberiberin 320; oridin I13C3; sita-
coid 7J4; etc. Meanwhile, additional vitally essential nutritive
elements were being brought to light, substances requisite
to adequate nutrition. Rohmann 473,52i therefore proposed
to give them the comprehensive name of " accessory food
factors " (Erganzungskorper). The practical-minded Ameri-
cans evaded the difficulties of nomenclature by refraining
from the coinage of specific names; they were content to
speak of " the fat-soluble factor A," of " water-soluble B , "
or " water-soluble C." Abderhalden 8o3,1*30 used the term
" eutonin " to denote the antineuritic substances as a class,
this implying the possession of a knowledge of their mode of
action—a knowledge which is unfortunately still lacking.
Equally unfortunate was this investigator's choice of the
name " nutramin " for the water-soluble growth-complettin,
seeing that this substance contains no nitrogen. Various
other names have been suggested, with a varying measure
of success. I may instance the ambitious " biophor" *3«
among the less successful efforts, inasmuch as every suitable
constituent of our diet may be termed a " life-sustainer."
Drummond,Il67 hoping to bring order out of chaos, has actually
made confusion worse confounded by the proposal to use
the oldest name " vitamin " for the accessory food factors
as a class, to retain the term " vitamine " (this being the
way in which the word has hitherto been spelt in England,
although the Americans wri te-" vitamin ") for Funk's anti-
neuritic substance, and to drop the qualifying adjective
" water-soluble " or " fat-soluble " in the case of tlie other
substances.

There are several objections to this proposal. An objection
to the use of vitamin as a collective name is that some of the
substances under consideration contain no nitrogen, and
therefore axe certainly not amins. Further, it seems fairly
certaifi that there is a second antineuritic substance, free from
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nitrogen, and distinct from Funk's vitamin, though like tha t
body it is readily soluble in water. But by the rules of priority
the original* name belongs to the substance which was given
that name by its discoverer; and there can be no doubt t ha t
the use of the term vitamins, to denote a whole class of sub-
stances of this kind has, in actual practice, given rise to grave
confusion. If, however, the antineuritic substances are to
be known as vitamins, a still worse confusion will arise should
the same term now be collectively applied to various other
constituents of our diet. There is good ground for the conten-
tion that the misunderstandings still prevalent in the science
of nutrition are mainly due to the improper use of the word
vitSmin. In physiological chemistry no less than in every
other science it is essential that names should be perfectly
free from ambiguity, that there should be no possible doubt
as to their denotation. In view of these considerations,
preference must be given to the collective name " accessory
food factors/ ' introduced by Rohmann, for this name implies
no more than that the substances in question are essential
complements of an adequate diet, tha t they are accessory
to the four classes of foodstuffs with which we have long
been familiar—proteins, fats, carbohydrates, and inorganic
salts. But if this term is to secure acceptance in international
science, it must be translated into the international language
of science. In the present study, therefore, the author will
use the designation " complettin.'1 The term " v i t a m i n "
will thus be reserved (in conformity with Funk's original
intention) for the nitrogen-containing antineuritic substances.
Should any non-nitrogenous antineuritic substances be proved
to exist, these must receive a distinct name. The water-
soluble growth-promoting substance will be spoken of as
" complettin B , " bearing always in mind tha t it has very
rarely been studied apart from the vitamins ; the fat-soluble
accessor^ food factor will be termed " complettin A " ; and the
antiscorbutic factor will be spoken of as " complettin C." This
nomenclature will secure complete freedom from ambiguity.

The diseases that arise from a deficiency of the accessory
food factors must be similarly dealt with in the mat te r of
nomenclature. Funk 3*3 proposed to speak of these as
" avitaminosis," but if the use of the name vitantin be
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restricted to the nitrogen-containing antineuritic principle,
it would be extremely misleading to speak of scurvy (scor-
butus), pellagra, and similar disorders, as avitaminosis. For
all these disorders due to a deficiency of one or more accessory
food factors I shall, therefore, henceforward use the name
" acomplettinoses "—the German vernacular equivalent "being
" Mangelkrankheiten," the French " maladies de carence,"
and the English "deficiency diseases." There is all the
more reason for the use of such a collective designation,
inasmuch as it is somewhat exceptional to find one of these
morbid processes in a pure form. In most cases of deficiency
disease there is more than one class of substances lacking,
although the overwhelming lack of one or other of them gfves
the illness i ts specific stamp.

As already mentioned, the literature of the accessory food
factors has now become so extensive that the individual
investigator finds it barely possible to read without delay
and to turn to practical account in his own work the publica-
tions that are poured forth almost daily from the press.
Moreover, anyone who stands a little aside from the main
current of research will often find it extremely difficult to
decide to what extent an ostensibly new contribution really
contains novel elements. In experiments concerning nutrition
every detail is of importance. The most trifling change may
revolutionise all the conditions of an experiment. In many
instances authors fail to recognise, or do not recognise readily
enough, the real source of the new or divergent results they
report. This is only too natural . In earlier researches upon
metabolism, students were content to consider the effects of
proteins, fats, and carbohydrates ; and when exceptionally
scrupulous they would also take into account the result of a
summary addition of salts. To-day we have further to make
allowance for four or five accessory food factors; and in
addition, in the modern and protracted experiments upon
nutrition, we have to reckon with factors which in former
days were completely ignored. The variety of protein
employed, and its richness in tissue-building constituent,
must be allowed for, although our knowledge of the composi-
tion of protein is still far from precise. There is not even
one of the best-known proteins of which we can say that we
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know all the factors requisite for its existence in perfection.
Similarly as regards the fats, for we still do not know which
of these substances are absolutely indispensable to the organ-
ism. Even more complicated is the problem of the inorganic
constituents of nutrition, so manifold in their variety. From
seven to ten metals at least and as many metalloids have
to be taken into account. Each of these may exist in the
animal body, either in ionisable (i.e. salt-like) forms, or else
as a masked constituent of some extremely complex organic
combination which is perhaps itself essential to life. For
normal growth, for normal wellbeing, it is not enough to
furnish by rule of thumb a diet containing certain quantities
of %11 these substances. Liebig's law of the minimum applies
to each individual substance, and in part to each type of
substances. But the mutual relationships of the substances
are so intricate tha t it seems almost hopeless to undertake
researches concerning the individual minima.

The further back we go in the history of the accessory
food factors, the simpler do we find the experiments to have
been, but for the same reason the earlier technique was compara-
tively defective and the results were consequently more
questionable. To-day such experiments, if they are to be
rightly planned and if their results are to be correctly inter-
preted, demand the most careful and extensive preliminary
consideration. Furthermore it is essential, in these protracted
investigations, to make due allowance for what has been
termed " the laboratory factor/ ' whose importance has been
quite recently recognised. We have to remember that the
animals we are subjecting to experiment are living in confine-
ment, and are therefore far more infirm and far more exposed
to noxious influences than their congeners living in a state
of nature. Especial consideration must be paid to the
"cage-factor/ ' to the physical conditions under which the
animal!1 are placed, not forgetting the circumstance tha t a
monotonous and uniform diet is being enforced upon them.
Purely psychical factors likewise affect the wellbeing of
animals. For instance, in some animals, the mere taking
out of the cage once or twice a week for weighing will make
it impossible for them to thrive, even though their diet is
all that can be desired.
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If, therefore, we wish to appraise the upshot of individual
experiments, we must bear in mind that the earlier investiga-
tions are often vitiated ~by errors which invalidate the entire
result. I t must also be remembered that not a few experi-
menters exhibit a certain mulishness, so that for one reason
or another they will not modify a wonted method of
conducting their researches, refusing to recognise or failing
t o understand the improvements made by a rival. To sum
up, we rarely encounter perfectly unambiguous results. In
many cases an acceptable result can only be secured after
due allowance has been made for the defective conditions of
the experiment, or after errors have been eliminated by
comparison with the work of other investigators. I n Uiis
task, the critic must not be frightened by any name, however
illustrious. Why should he be frightened ? The whole
science is still in i ts initial stages, and only by making mistakes
can we learn how to avoid them. Far be it from me t o maintain
tha t my own technique as critic is wholly free from objection,
bu t only by strenuous though benevolent criticism can we
hope to achieve something as near perfection as human beings
can at tain.

Fo r several decades, Germany was the citadel of nutritive
research. The most noted names in this domain, those of
Liebig, Pettenkofer, Voit, and Rubner, are German. But
precisely because their leadership had been so outstanding",
the German science of nutrition became gradually enmeshed
in rigid dogmas, which were ultimately regarded as indisput-
able. I t has probably been for this reason that of late, in so
brief a time, Germany has been hopelessly outstripped in the
science of dietetics. The Germans are still dumbfounded a t
the revelation that there are nutritive substances t h a t cannot
be included in the familiar four classes, and that consequently
all tha t has hitherto been learned concerning nutrition can
have no more than conditional validity. We have in Germany
sofclong been accustomed to regard protein as a uniform entity
from the nutritive outlook, that we now find it extremely
difficult to recognise in practice what has long been admitted
as a mat ter of theory, namely tha t there are diverse sorts of
protein and that their diversity of values must be recognised
from tke biological as well as from the chemical standpoint.
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First of all, therefore, it will be necessary to study the latest
views concerning the biological importance of the various
proteins, tha t we may realise how fundamental this matter
is in relation to the planning and the interpretation of
experiments upon accessory food factors.

I have already emphasised m y opinion that—owing to
the fact that the importance of protein as a tissue builder,
and the essential need for supplying energy for the maintenance
of life, are so easily understood—there has been a widespread
tendency to overlook and to ignore the importance of the
inorganic salts, although this fourth great class of nutritive
constituents has long been known to us. Let me insist once
more tha t for these substances, too, the law qf the minimum
is fully valid. The results of earlier researches supply ample
evidence of the physiological importance of the various
inorganic ions. In the history of the evolution of our know-
ledge of accessory food factors, the value of the inorganic
constituents of our diet repeatedly forces itself on the attention.
We- learn likewise that their interrelationships are vital to
the effective influence, not only of the accessory food factors,
but also of the three primary classes of organic nutritive
constituents whose place in metabolism had been assumed
to have been perfectly understood. These problems must
also receive close attention, if we are to be enabled rightly
to appraise individual expepments concerning accessory
food factors.

What is true of philosophy and of history is equally true
of the science of nutrition. The further we advance in our
studies, the more vividly are we made aware of the way in
which one happening is dependent on another. In the end
we recognise as a fundamental principle t h a t the significance
of any occurrence can never be properly estimated in isolation.
In suchjan estimate, all the cooperating factors must be taken
into the reckoning before a final judgment is formed. In
the science we are now studying, this principle applies to the
problem of the bodily requirements of each'individual nutrit ive
constituent.

During the study of this book, the reader will perhaps
find the innumerable references to authorities disturbing,
and may be inclined to regard them as superfluous. Cet him
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remember that " the* lahourei i w " i t h *J i<s hn« « f

that it would IK* unju4 ta n i iuf i 'n < n » mi < i T ^ < * r

others unnamed. Moieover, f }ta\<- a j>2 *4i 5 i< * « ! ?
being precise in this m a t t u of tif.iti n ViL*% *
the processes of nutiition 1 h.ivr u**t »J | r ^:» ? »j*, ] * * * L J* r f

with ignorance of thru* in«»h«.tl .uO j S\ 3 , "
Now tha t my ideas have l»«n *u rt{4«h * i w *
confirmed by iiKKlern <ii« t« tu u ^n^}^ . \t * * > * tt i
I should sjnrify whirl* HMIIIN ai* tu\ * KU . : ' I v , i . «. .»<•
those of other investig.ttfas. Kalsni; il ? i]< ]:< < M * < U
might simply be shelved as " ?)i« fan! •« < i a, 1 ' */ 4
Lahmann." My book wntiM th in ful i^ ,i !«»•%« 4n t* ^m
purpose, which is to stimulate, th« '»ujMft i% *\ 4 *\hr
science of nutrition.*

of Dr. Lahmann's '.iii.ttrYtmo » j^mj r jr »«J *? r * - ? * „ * < ! »*
in my book, bar Uuu\ it, J«*i tl#*f «»?/<• **v .- r̂ r ir r ,*r * *<
Lahxnanxi'.s UMthinf: n IUHV *#J*,4}rf«, »nl * i ^ r * t * «s .f? r
as regards the ifi(*î >iiur fn?Ui?r*r s if *,i *• * I «<•*«- r* *• «

more accanlaut with thr }itit «f t *r »,* r «r̂ Jt - f ** ^ *.»**.# * #
It follows that I am «iUmr x* j ,.*jh«* i s J^» # r4S



CHAPTER TWO

T H E BIOLOGICAL VALUE OF T H E VARIOUS
PROTEINS

i . T H E BIOLOGICAL VALUE OF THE AMINO-ACIDS

T H E reader must first be reminded that , according to the
pioneer investigations of Emil Fischer and his pupils, the
proteins are largely or mainly constituted out of ester-like
amino-acids compounded to form polypeptids. I t is remark-
able to find how little variation there is in the composition
of the most diverse sorts of protein. As yet only a small
number of amino-acids have been isolated from the natural
proteins. Here is the list of these, the conventional name
being given in the left-hand column, and the structural name
in the right-hand:

glycocoll
alanin
serin
valin
leucin
isoleucin
asparaginic acid
asparagin
glutainic acid
glutamin
arginin
ornithin
lysin
cystin
cystein
/J-phenyl-alanin

amino-acetic acid
a-amino-propionic acid
jS-oxy-a-amino-propionic acid
dimethyl-a-amino-propionic acid
dimethyl-a-amino-butyric acid
methyl-ethyl-a-amino-propionic acid
a-amino-succinic acid
the anhydride of the same
a-amino-glutaric acid
the anhydride of the same
S-guanidin-a-amino-valerianic acid
a, S-diamino-valerianic acid
a, c-diamino-capronic acid
a-amino-/3-propionic acid disulphide
a-amino-/?-propionic acid sulphhydrate
0-phenyl-a-amino-propionic acid *

29
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tyrosin oxy-phenyl-alanin
tryptophan jS-indol-a-amino-propionic acid
histidin ^imid-azolyl-a-amino-propionic acid
prolin a-pyrrolidin carbonate
oxy-prolin oxy-a-pyrrolidin carbonate

Leaving* out of consideration the anhydr ides and cys t r i n
(which are in all likelihood no more t han decomposi t ion
products formed in the course of the experiments) , we a r e
thus concerned with only eighteen arnino-acids, ou t of which
the innumerable proteins are constructed. Of course cvrfl
this limited number of constituents gives amp le scope for
varieties in combination. Out of the eighteen axmno-a£iUsj
no less than 6,708,373,705,728,000 proteins could theoret ical ly
be built up. Were we to take no more t h a n ten of the amino*
acids, with these we could form 595,071 variet ies of p ro te in .
But the differences between the proteins do no t depend solely
upon differences in the arrangement of these par t icu la r con-
stituents, for unquestionably most proteins likewise conta in
various quantities of other substances besides the ammo-acids,
Finally we have to reckon with s tructural differences, which
must certainly arise during the formation of optical ly ac t ive
amino- acids.

I t has long been Imown tha t the digestion of p ro te ins
involves their decomposition, and tha t when the influence of
trypsin is sufficiently effective this spli t t ing-up m a y proceed
as far as the formation of various amino-acids. Conversely,

'Abderhalden has been able to prove 45* t h a t dogs can be
quite as efficiently nourished upon completely dis integrated
protein as upon protein in the natural s ta te . I t was , indeed,
subsequently shown that during the process of normal diges-
tion the disintegration of protein does not usual ly go so far
as the formation of free arnino-acids, being ar res ted in t he
polypeptid stage. Still, Abderhalden's experimerfts h a v e
demonstrated as a matter of principle t h a t t h e an imal
organism is at any rate competent to build u p i t s own specific
proteins out of the requisite amino-acids. Qui te a n u m b e r
of investigators had anticipated Abderhalden in th i s demon-
stration (though somewhat less drastically), inasmuch as in
experiments upon animals they had shown tha t when a var ie ty



BIOLOGICAL VALUE OF VARIOUS PROTEINS 31

of protein lacking in some constituent indispensable to normal
growth is given as a food, this protein may be rendered
biologically adequate by adding the desired constituent to
the diet.

In the before-mentioned work, Abderhalden likewise proved
that certain tissue-building constituents of protein are abso-
lutely indispensable to the body. Above all, this is true of
Utryptophan, which cannot be substituted by any other pro-
ducts of protein disintegration. It is true also of ktyrosin,
which can be replaced by its antecedent 1-phenyl-alanin,
but not by any of the aliphatic amino-acids nor yet by the
corresponding keto-acids. Thereby Abderhalden confirmed
whSt Osborne, Mendel, and Ferry 2*5 had previously main-
tained, that the animal organism is incompetent to effect " ring-
closing " (cyclopoiesis).

Glycocoll, which can easily be produced by the oxidation
of alanin or even of serin, need not apparently be provided
ready-made in the food. Prolin, again, which is readily
producible in the body by the oxidation of histidin, need not
be supplied if the last-named antecedent material be furnished
in the diet in sufficient quantity. Finally, it was proved
later that Ircystin is essential. But in my opinion it still
remains to be ascertained whether this substance cannot be
substituted by the corresponding sulphhydrate cystein,
since the latter can unquestionably be oxidised to form
cystin within the body.

Abderhalden was unable to show that d-lysin, arginin,
ornithin, l-histidin, and d-glutamic acid, are indispensable.

In this chapter I have given the premier place to Abder-
halden's researches because his name enjoys exceptional
repute in Germany. But he was far from being the first to
undertake experiments of the kind. In the United States,
experiments in the artificial feeding of animals were long
ago inslituted, Osborne and Mendel, in particular, have
made extraordinarily comprehensive and far-reaching researches
in this field—researches which are directly related to Metschni-
koff's views concerning " ntitritive pills " ; but the enquiry
as to the validity of the theory was undertaken long before
it had become widely known. Osborne and Mendel have
been greatly interested in the question whether animfils can
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carry on their vital economy with the aid of comparatively
simple means; whether, for instance, phosphorus in purely
inorganic combination will suffice. In these experiments,
as soon as their duration was extended over many days or
several weeks, the varying biological importance of the
different proteins began to become manifest. As early as
1912, Osborne and Mendel were able to prove that the diet*
must contain certain minimal quantities both of tyrosin and]
of tYyj)ioj)h(in?%5

In the work just mentioned, and again later,349 these investi4
gators showed also tha t glycocoU is not an essential factor inl
d ie t ; Lewis, 653 and Lewis, Cox, and Simpson,Il83 came to
the same conclusion. Contradictory, at first sight, is* the
statement of Nitzescu,8°4 that the protein of maize is incompe-
tent to promote proper growth, owing to its lack of tryptophan
and its inadequate content of glycocoll and lysin; but the
Rumanian forgot to make a control experiment, adding the
aforesaid substances to the diet in order to ascertain if any
or all of them were truly indispensable. I have already adduced
theoretical grounds for the opinion that glycocoll is not essen-
tial, inasmuch as this substance has such a composition that
it must be formed in the organism by simple oxidation out
of all the other aliphatic a-amino-acids. Such, too, is the
bearing of Ivar Bang's discovery,5<>8 tha t proteins poor in
glycocoll, and perhaps also in alanin, have in the rabbit no
effect upon the amino-acid content of the blood; these sub-
stances, when present in very small quantities, are promptly
used for building up the protein of the animal body. When,
on the other hand, foodstuffs rich in glycQcoll were given,
an increase in the amino-nitrogenous content of the blood
ensued; obviously because, when the bodies rich in glycocoll
or alanin were worked up within the animal organism, amino-
nitrogenous substances were produced in excess of the needs
of the tissues. I t is well known that when an "aliphatic
carbon chain undergoes oxidation in the animal body, the
oxygen seizes the terminal carbon atom—or, if this be already
a carbonyl, the adjacent a-carbon atom. But an exception
to the rule occurs when the a-carbon atom is linked to an
amin group, as is the case in all the naturally extant aliphatic
amind-acids. Then this atom is overpassed, the oxidation
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affects the jS-atom, and the chain is broken with the formation
of N H 3 . CH2 . COOH—glycocoll, to wit. There is, however,
little likelihood that alanin can be formed in the body, seeing
that in alanin the j8-atom is not oxidised. Throughout the
literature of the subject, in fact, we can find no indication
that it is possible to dispense with alanin. Sure, indeed,
tells us la63 that the addition of alanin to a protein of very
low nutritive value did not bring about any improvement.
But in this experiment there were so many other unfavourable
factors that the ineffectiveness of the addition of alanin does
not justify any inference concerning the indispensability of
th%t substance.

Just as, during the process of oxidation within the animal
body, glycocoll must arise out of the aliphatic amino-acids,
so, and for the same reason, must prolin arise out of histidin
compounds as a terminal product of biological oxidation.
In actual fact it appears that this amino-acid is not a vitally
essential constituent of our diet,Iz63 provided that a sufficiency
of histidin be supplied.

Indispensable, on the other hand, are valin, leucin, and
isoleucin. Leucin (amino-isocapronic acid) cannot be substi-
tuted by norleucin (normal amino-capronic acid).1200

As far as the so-called hexone bases are concerned,
peculiar conditions appear to prevail, and the matter has not
yet been cleared up. Numerous experiments seem to havdL
shown beyond dispute that lysin is an essential dietetic factotf'
and that the animal organism must be supplied with consider-
able quantities of this substance. , (Cf. 349, 43*, 49a, 55°. 5***<
598, 613, 634, 680, 804, 1095, IOOO \

It is different as regards arginin and histidin. When both
these bases afe lacking, normal development is impossible,
and it is even impossible to maintain the body-weight.
Nevertheless, although the two substances differ so greatly
in composition (arginin has an open carbon chain, from
which there is no prospect of passing to the heterocyclic
histidin), Ackroyd and Hopkins 535 and Geiling 65° agree in
reporting that adequate growth can be secured when either
arginin or histidin is supplied in the absence of the other.
The explanation perhaps is that the bodily requirements are
very small in the case of both substances—for it is hardly
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conceivable that vtthvr can hv tr,in%foim<*d mm Ihr uthn

Cysdn is of pmil ia i composition, and nuin»J*«ii «»h f i \ u
tions h a w shown it to hr indispmsihh* t«» nutitt:«»n i r
however, the it*st*i vatitin inadi* on p. ,!?» hv*i* pi ' t t t in
n< h in cvMin, Mich as caM-mMl< u " i and J.M talhunnn,1'**
•M 'juiH* an enhanced uutsiti\<* valur whin null *j?na*fHi*
u{ rvstxn a i r sinniltaninu-Jy acJmini^tiiMl,

Iiia^mtuh as th*1 annual ot^.iinMti M t-ms |*» b« in* ^nijd-trn
to ar Jnrvr t \ c lupoirsis, it is ohvicnts that f*ht?:\! uiarAn
br an uifiisjf«*sisuhh* factor of n u t r i t i o n ^ Mitt in II t
an oh,Hf'ivation to ihv o\>\n)s\\v viivt tt

fv* hut m flii* < %|
tli** «irii3iim'4ratton of anuuo at ids a l t ' r ua t t d nu l l |M H«-K! . of
jirottin starvation (Itum;; ^ h i r h annno^a«i4* vvii«4 of
!«ing fornirfl within \hv hody. In h tm^ ' r Matt^ tin »*• .i
at ids a i r vigorously rt'tained, and tins niav havr ial ifi«tl the

Inrng snpphfd in thr fomh
It is rqually ohvioir, that tyr^wn IIMJ 4 hr ,m

fhiir t ir fat tor ; thr irrjmsiti* t]Uantitl< * of flu,
an* Miiall^M but vitaHv inij»»itant.J ** Mit«h«ir^ I*
tu ttit* ron t ia ty "5*̂  m# as m th#* u n * oj j*li* it\) .da

tin* j«« nliar conditions <4 th r «*xp« unit nt,
, the* iirtrv^iry amount is v«iy .mall v * "Ihis

for by AUiidrh;iidi*ii'sobst»iv»ttioii * n that tyiosm
alanm) is to sotm^'Xtt-nt ii-{it«M«Mi»lr l»v iNant t - in ] y
;iJ*iniwf whith und**i|4«#m oxidation within thr twnly* Jlic
<ixi<lAtt<m of a bi*n/ol rini*. vi diffir tilt tu t*tirt t in thr Utniijitoryv

in a Ltiinhar ticcitnrrnrc* in thi" animal o i^ inkin , t nn^l only
mifind th«* r^adrr ni the tr«insjor!n;tfi«m of lu j

f h4vr rnon* than onn* insisted that ttypiaf»h*tn
indiHju'iisaWi* dktHic factor. C)n tht*orHuaI ffroiimh if
tu- NO# owing to the coftif4ratrd rtini}Hi>ititin of tiit* >itU»tAticr,
and owing to th r imomfMlrnn; of tht* liniti^ii ^t^mntn t«i

carbon chains, 'I In* mfr rn i r r i% «aitlinnrd by
olMrrvatiims, (Cf. I*?* *M- *̂̂ . ^ ^ %H ^** |r*^ •»*!.)

to the bHfcire*ittrntt<>nt*d ttiMpsirity of th r b«dly# it
thftt tryptciphiin cannot IK: trpiortt l for dietetic

by its difc4ntr^ratioti product cvntirie nrnl ^̂ f Since
the organmn lucds fairly b i g c amciuntii of trypti#|#ii4ii# we


