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M a n ' s  m o s t  f u n d a m e n t a l  n e e d  is fo r  food.  T h e  ques t ions  
" W h a t  foods  shou ld  be  e a t e n ? "  a n d  "How m u c h  of  t h e m  are  
r e q u i r e d ? "  h a v e  b e e n  a s k e d  s ince  m a n  r e c o g n i z e d  a r e l a t i o n s h i p  
b e t w e e n  h is  food  a n d  h is  hea l th .  E m p i r i c a l  r a t i o n  sca les  h a v e  
b e e n  in  use  f r o m  a n c i e n t  t imes ;  ou r  w o r d  s a l a r y  is, o f  course ,  
de r i ved  f r o m  the  t e r m  for  m o n e y  a l lowed  to R o m a n  so ld ie rs  to 
b u y  the i r  sa l t  r a t i on .  E a r l y  r e co rds  of  m o n a s t e r i e s ,  hosp i t a l s ,  
i n s t i t u t i o n s  for  the  poor ,  houses  of  co r rec t ion ,  a n d  the  a r m y  a n d  
n a v y  p rov ide  a v a r i e t y  of  e x a m p l e s  of  r a t i o n  a l lowances .  T h e s e  
k i n d s  of  sca les  were  ba sed ,  ve ry  gene ra l ly ,  on  such  t h ings  as  
t r a d i t i o n ,  r e l ig ious  a n d  p r a c t i c a l  f ac to r s ,  m o n e y  ava i l ab le ,  a n d  
the  a p p a r e n t  h e a l t h  of  those  t a k i n g  the  ra t ion .  T h e y  c o n t i n u e d  
in  use  w i th  some  v a r i a t i o n s  for  cen tu r i e s .  I t  w a s  no t  u n t i l  the  
m i d - n i n e t e e n t h  c e n t u r y  t h a t  a w o r k a b l e  q u a n t i t a t i v e  bas i s  fo r  
c a l c u l a t i n g  the  food  r e q u i r e m e n t s  of  m a n  w a s  e s t ab l i shed .  

T h e  f i rs t  g e n e r a l l y  a c c e p t e d  f igures  were  those  of  the  D u t c h  
p h y s i c i a n  Jacob  M o l e s c h o t t  ( 1 8 2 2 - 1 8 9 3 )  p u b l i s h e d  o r i g i n a l l y  
in  W i e n e r  Mediz in i sche  W o c h e n s c h r i f t e ,  M a y  14, 1859.1 a n d  
t h e n  i n c l u d e d  in  the  s e c o n d  ed i t i on  of  h is  PhysioIogie der 
N a h r u n g s m i t t e l :  ein H a n d b u c h  der Diiitetik.2 Molescho t t ' s  " 'num- 
bers"  or  " 'figures," as  t hey  we re  ca l led ,  r e f e r r e d  to the  a m o u n t s  
of  c h e m i c a l  e l e m e n t s  r e q u i r e d  f r o m  food  in  t e r m s  of  a l i m e n t a r y  
p r i n c i p l e s )  His  c a l c u l a t i o n s  i n d i c a t e d  the  needs ,  p e r  day ,  of  a n  

* Paper presented to the British Society for the History of Science, 
March 16, 1970. Research for this paper was done during the tenure of a 
Research Fellowship awarded by the WeUcome Trust. The support is 
gratefully acknowledged. 

1. "'Yon der Menge, in welcher die einzelnen Nahrungsstoffe zu einer 
vollst-~indigen Erhiihrung erfordert werden'" was section VIII. 

2. Published in Giessen by Ferber in 1859. The first edition was pub- 
lished in Darmstadt in 1850 and was based on the work of Moleschott's 
former teacher, F. Tiedmann (1787-1861). 

3. Alimentary principles were understood to be "all those compounds 
which are either identical with the essential constituents of blood, o r  

Journal of the History of Biology, vol. 4, no. 2 (Fall 1971), pp. 249-273. 

249 



J A N E  0 'HARA-M AY 

active m a n  of average body weight, and provided a standard 
still referred to by writers in the twentieth century. 4 

The object of this paper is to consider some of the develop- 
ments  in thought  that  enabled Moleschott to formulate his 
quantified dietary standard. 

The delay in providing such a standard was certainly not due 
to lack of interest. This is clearly shown by the emphatic way in 
which writers, through the centuries, have explained that a 
s tandard diet was impossible to formulate. Thomas Newton 
translating Gratarolus in 1574 said: "Even as a shoomaker 
cannot  make one shooe to serve every mannes  foote, so neither 
can a Phisicion describe and appoint any one generall order and 
dietarie for all manne r  of persons." 5 Under the humoral  doctrine, 
accepted in the sixteenth century, it was particularly difficult to 
make any standard for food intake because the predominant  
qualities in foods (i.e., hot  or cold, dry or moist)  acted upon 
the dominant  qualities of the body, and their effect therefore 
depended upon the complexion of the eater. 6 Besides this, food 
and drink were only one of six non-naturals  (air; meat  and 
drink; sleep and watch;  movement  and rest; emptiness and reple- 
tion; and affections of the mind) ,  7 all of which had to be 
considered when formulat ing the whole diet or regimen. At that 
time and in subsequent centuries the appetite was relied upon as 
a proper guide to the quanti ty of food required. 

In  the nineteenth century, with the recognition that the body 
and foodstuffs were composed of the same basic chemical ele- 
ments  and the rejection of the traditional idea of "one aliment," 8 
it was possible to be more specific about the h u m a n  body's needs 
for various foods. However, J. A. Paris, himself an advocate of 
the application of chemical ideas to medicine, says in his Treatise 

suff ic ient ly  s im i l a r  to be t r a n s f o r m e d  in to  t h e m  by  d iges t ion ."  T h i s  
def in i t ion  is  g iven  on  p. 331 of "T he  C h e m i s t r y  of Food"  (i.e., E. B r o n n e r ' s  
t r a n s l a t i o n  of  Molescho t t ' s  Lehre der Nahrungsmittel de Volk) i n  Orr ' s  
Circle  of  t he  Sciences :  Practical Chemistry, G. Gore, M. Spar l ing ,  a n d  J. 
Scoffern  eds. (London:  H o u l s t o n  & S t o n e m a n ,  1856). 

4. R. H u t e h i s o n  a n d  V. H. M o t t r m n ,  Food and the Principles of Dietetics, 
7 th  ed. (London :  Arnold ,  1933), p. 42. ( l s t  ed., 1900) Here ,  on ly  t he  f igure  
fo r  p r o t e i n  ( a l b u m i n o u s  m a t e r i a l )  ag rees  exac t l y  w i t h  Molescho t t ' s  or ig ina l .  

5. G u l i e l m u s  Gra taxolus ,  A Direction for the Health of Magistrates and 
Students, t~ans. T. N e w t o n  (London:  W i l l i a m  How,  1547), Sig. B3 r. 

6. I n d i v i d u a l s  cou ld  be  g rouped  u n d e r  f o u r  types  of  c o m p l e x i o n s  or 
t e m p e r a m e n t s ;  Sanguine (hot:  mo i s t ) ;  Choleric (hot:  dry);  Phlegmatic 
(cold: mois t )  a n d  Melancholy (cold: dry). 

7. T h i s  l i s t  of  s ix  n o n - n a t u r a l s  is  t a k e n  f r o m  T. Elyot ,  The Castel of 
Helth (London :  T. Ber the le ,  1541), Sig. B1 r. 

8. T h e  t r ad i t ion  of "one  a l i m e n t "  is  sa id  to be  der ived  f r o m  Hippocra tes .  
I t  w a s  q u e s t i o n e d  by  F. M a g e n d i e  (1783-1855)  i n  Pr$cis  eldmentaire de 
physiologie (Par is :  M ~qu i gnon -M arv i s ,  1816), II, 3, n. 1, a n d  r e j ec ted  by  
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on Diet (1837)  that  it is absurd to try to establish a rule of 
weight and measure for the quanti ty of food which ought  to be 
taken, as the capacities of individuals vary so greatly. 9 

Despite the attitude of physicians, f rom the sixteenth century 
onward a kind of s tandard had been chosen. This was the 
strict regimen of a Venetian gent leman named Luigi Cornaro, 
who stated that he had lived to a vigorous old age by taking only 
12 ounces of food and 14 ounces of wine each day. His story is 
particularly dramatic  because at about forty years of age he 
was near  to death due to an excessive way of life, but  he was 
reprieved by turning to his strict diet and lived to be more than 
one hundred years old. 1° Since his death in 1566 Cornaro's diet 
has been referred to constantly by such diverse authors as Mr. 
Addison in The Spectator of 1711 and Miller and Payne in the 
1969 Proceedings of the Nutrition Society.ll The references 
through the centuries are so numerous  that one feels inclined 
to reiterate with Father  Feyjoo of Montenegro ( in  his Treatro 
Critico of 1733) that surely "God did not create Lewis Cornaro 
to be a rule for all mankind  in what  they eat or drink." 12 

In  the 1855 edition of Principles of Human Physiology, W. B. 
Carpenter refers to Cornaro's diet but in terms of a subsistence 
level. He repeats that  appetite is the only guide and that no 
universal law can be laid down regarding the quantities of food 
to be taken. He adds that it is important,  f rom the practical point 
of view, to form a correct average estimate of what  is needed. 18 

Today we all agree, with Gratarolus, that  it is impossible to 
make a shoe to fit every foot. The modern approach is to try 
to make what  might  be called an overshoe intended to be suitable 
for the feet of all the people within a particular group. This is 
the approach used in the recent Recommended Intakes of 
Nutrients for the United Kingdom (1969) ,  which provides 
figures for ten nutrients with additional advice on more than 

William Prout (1785-1850) in "On the ult imate composition of simple 
alimentary substances," Phil. Trans. Roy. Soc., London (1827), pt. 2, 
355-388. 

9. J. A. Paris, A Treatise on Diet, 5th ed. (London: Sherwood, Gilbert & 
Piper, 1837), p. 148. (Is t  ed., 1826). Paris also wrote The Elements  of 
Medical Chemistry  (London: phillips, 1825). 

I0. See Lewis Cornaro (trans. f rom the Italian), Sure Methods of attain- 
ing a Long and Heal thful  Life: w i th  the means  of correcting a bad con- 
stitution, 34th ed. (London: J. Anderson, 1822). 

11. Joseph Addison, The Spectator, no. 195, Oct. 13, 1711; D. S. Miller 
and P. 11. Payne, "Assessment o£ protein Requirements," proc. Nutr.  Soc., 
28 (1969), 226. 

12. B. G. Feyjoo y Montenegro (trans. f rom the Spanish), Rules for 
Preserving Health (London: R. Fauldner,  1800), p. 82. 

13. W. B. Carpenter (1813-1885), principles of H u m a n  Physiology, 5th 
ed. (London: J. Churchill,  1855), pp. 45 and 47. (1st ed., 1843). 
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four teen others not  tabulated.  The informat ion  given is applic- 
able to people in twenty-one different groups of the population. 14 
The tables are based on accepted chemical  and physical  laws 
which are quantifiable and general  in their  application, and  
derived, on the whole, f rom the early n ineteenth  century.  
Nutr ients ,  used as units,  are identifiable by their chemical  
composit ion;  this can  be equally well applied to the needs of the 
h u m a n  body or, with the help of food composit ion tables, to the 
contents  of foodstuffs. 

A study of m ode rn  tables and Moleschott 's  compara t ive ly  
rud imen ta ry  r ecommenda t ions  shows tha t  his work is clearly 
a fo re runner  of today's methods.  

At the beginning of his chapter  entitled "On the Quant i ty  of 
Different  Individual  Foods Required for Complete Nour i shment"  
Moleschott said: 

The s t a tement  that  one cannot  determine the quanti ty,  by 
weight,  of foods needed by m a n  is based on the fac t  that  
people have  cont inuously forgot ten to ask themselves for  wha t  
uni t  of body weight  and t ime the weight  [of the food] ratios 
should be given." 15 

Moleschott  then explained that  by using precisely defined units 
and by considering the various demands  made  upon  man ,  a 
careful ly calculated m i n i m u m  requi rement  of food can  be 
established. 16 The figures he gave are shown in Table 1. 

Table I For a Working Man Weighing 63.65 kg 17 
Per day 

Act ive  Rest ing 
Nitrogenous Albuminous 

mater ia l  130g. 60g, 

Nitrogen-free fa t  84g. ~ 430g. 
fa t - former  404g.~ 488g. 

Salt 

Water  

30g. 

2,800g. 

TOTAL 3,448g. 
14. Great Britain, Department of Health and Social Security, Recom- 

mended Intakes of Nutrients for the United Kingdom, Reports on Public 
Health and Medical Subjects no. 120 (London: H.M.S.O., 1969). The latest 
U.S. National Research Council figures for Recommended Dietary Allow- 
ances tabulate seventeen nutrients and refer to twenty-six groups. 

15. Moleschott, Physiologie (1859), pp. 216-217. 
16. Ibid., p, 217. 17. Ibid., pp. 223, 225. 
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C o m m e n t s  on Table  1 

Moleschott  followed Liebiges theories, first pu t  forward  in 
A n i m a l  C h e m i s t r y  (1842) ,  is and gave his quanti t ies in te rms  
of ni t rogenous (p las t ic )  mater ia l s  capable  of support ing growth 
and  m o v e m e n t  and ni trogen-free ( resp i ra tory)  mater ia ls  which 
provided hea t  for the body. Because m o v e m e n t  was considered 
to resul t  f r o m  the b reakdown of ni t rogenous tissues a rest ing 
m a n  required fewer  a lbuminous  foods. The quant i ty  of heat- 
giving foods r ema ined  approximate ly  the same. Moleschott  used 
the t e rm Fet tb i ldner  for  carbohydrates ,  a l though Carl  Schmidt  
had  introduced the word carbohydra te  in 1844.19 In  the con- 
troversy over the fo rma t ion  of body fa t  f rom amylaceous  
mater ia ls ,  Moleschott  believed that  fa t  could be fo rmed in the 
body f rom carbohydrates .  2o 

The following rat ios were given, N :N- f ree  1:3.7;  f a t  to fat-  
fo rmers  1 : 4.84. 

The s tandard  provided Ni t rogen 308.6 grains or 20g. 
Carbon 4,629 grains or 300g. 

The weights  of a l imentary  principles were given as "water- 
free," their water  content  being included in the total water.  Earl ier  
in the century  Berzelius had  improved his analyt ical  techniques 
by drying his mater ia l ,  and  later  Wil l iam Prout  had  stressed the 
necessi ty of drying foods to be analyzed, zl Tables of food analysis 
show tha t  some foods were dried to 212°F or i n  v a c u o  230°F. z2 
For some years  af ter  the publicat ion of Moleschott 's  figures 
s tandards  were somet imes  given in te rms  of 'water-free '  foods. 
Care has  to be taken  not  to confuse  this m ean ing  of "dry' with the 
t e rm 'dry foods'  which was used to differentiate be tween dry 
foods and drinks. 

18. J. Liebig, A n i m a l  Chemis t r y ,  or Organic  C h e m i s t r y  in  its appl ica-  
t ions  to Phys io logy  and  Pa tho logy  . . . Edited from the author's manu- 
script by W. Gregory (London: Taylor & Walton, 1842). 

19. C. Schmidt (1822-1894) [IAebig's] A n n a l e n  der  Chemie ,  51 (1844), 
30. In "The Chemistry of Food" (see n. 3 above) p. 308, Moleschott de- 
scribed starch, gum, and sugar as important constituents of fat. 

20. In this he followed the German school of thought under Liebig. 
During the controversy many French workers (e.g., J. B. A. Dumas and 
J. B. Boussingault) held the view that all fat in the body was derived 
f rom the fa t  in  foods. 

21. W. H. Brock, "The Life and Work of William Prout," Medica l  
His tory ,  9 (1965), 101-126. 

22. See J. Pereira, A Treat i se  on  Food a n d  Die t  (London: Longman, 
Brown, Green & Longmans,  1843), p. 80. 

253 



J A N E  O'HARA-MAY 

The energy value of Moleschott 's  s tandard  was es t imated by 
later  workers  as 3,160 kcal,  23 al though this figure can  vary 
according to the method of calculat ion used. 

Moleschott obtained his results by using two methods  checked 
against  each  other. 

1) By studying the food intakes of heal thy active men.  He 
used twenty-one reported dietaries, collected by seven workers 
f rom various countries.  

2)  By observat ion and by calculation, he related the amoun t  of 
nitrogen,  carbon,  hydrogen,  and oxygen excreted, in twenty-four 
hours,  by his "reference man ,"  back  to food intake. He recognized 
that  this method  could give only a rough representa t ion  of the 
food eaten,  but  he believed it to be a useful  check. 

Basically, this is a similar  method to that  used today, which 
still fundamenta l ly  depends on the results  of dietary surveys and 
metabol ic  ba lance  studies. However,  Moleschott  in his detailed 
calculat ions used too m a n y  related assumpt ions  for his calcula- 
tions to be compared  directly with modern  methods.  ~4 I t  is on 
the background  to the following three points,  raised by Mole- 
schott 's  work, that  c o m m e n t  is given in this paper :  

A) The use of the uni t  of body weight;  

B) The studies of food intakes available to h im;  

C)  The a t tempts  to ba lance  food intakes and excretions. 

A) THE UNIT  OF BODY W E I G H T  

The figure 63.65 kg used by Moleschott  as his reference uni t  
of body weight  comes f rom the works of Adolphe Quetelet  ( 1 7 9 6 -  
1874) ,  the Belgian as t ronomer,  ma themat i c i an ,  and statistician. 
The use of this figure is of interest  both f rom the point  of view 
of body-weight records and f rom the whole concept  of the 
average man .  

Today mos t  of us are likely to have  been weighed and 
measured  at some t ime in adult  life, but  the taking of this type of 
record is of recent  origin. In  the past ,  the compara t ive  weight  
of heal thy  adults was  not  thought  to have  any  par t icular  sig- 
nfficance, though sick persons,  cared for  in monaster ies ,  had  

23. H u t c h i s o n  a n d  M o t ~ a m ,  Food and Dietetics, p. 42. 
24. Molescho t t  u s e d  ra t ios  (e_g., N : N - f r e e )  f r o m  h i s  d i e t a ry  i n t a k e  

f igures  in  h i s  c a l c u l a t i o n  of food  i n t a k e  f r o m  excre t ions .  T h e  r e su l t s  of  
t h i s  c a l c u l a t i o n  were  t h e n  u s e d  as  a c h e c k  a g a i n s t  t he  su i t ab i l i t y  o f  the  
d ie ta ry  r ecords  h e  h a d  used .  
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been weighed as par t  of their  t r ea tment  in some cases. Abb6 
Jauber t ,  writ ing in 1764, said that  the chapel  of La Balance 
derived its n a m e  f rom this custom. 25 The use of m e a s u r e m e n t  
to de termine  the rates  of h u m a n  growth is said to have  orig- 
inated with Buffon, 26 and workers in the nex t  century developed 
this method.  In  France,  F. Chaussier  measu red  the growth of 
infants  and in England W. 1t. Cowell reported to the Factory  
Commiss ion  of 1833 on the compara t ive  heights and weights of 
children working in factories and  of those outside. 27 Before the 
n ine teenth  century,  apar t  f rom individual  cases, few records are 
available of the heights and weights of heal thy  adults. In  1793 
the f amous  French  physic ian J.-11. Tenon weighed and measured  
sixty m e n  in a village outside Paris,  while concern  about  the 
poor physique of a rmy  recruits  led first to the work of A. A. 
HargenviUiers 2s and later  to the surveys of L.-R. Villerm6 in 
1829. 29 About this t ime a n u m b e r  of s tudents  were weighed and 
measured  at Cambridge  University,  for Quetelet reports  that  
Wil l iam Whewell  sent  h im some eighty records. 30 

The  first comprehens ive  records of adult  body-weight can  be 
found in "Recherches sur le poids de l ' homme aux diff6rens 
ages," published by Quetelet  in Nouveaux  m6moires  de l'Aca- 
d~mie Royale des Science et Belle lettres de Bruxelles (1833) .  al 
This mater ia l  was  repeated in subsequent  publications,  including 
Quetelet 's  impor tan t  work Sur l 'homme et le d~veloppement  de 
ses facultds of 1855. 32 

25. P. Jaubert, Dic t ionna i re  raisonru ~. un i ve r se l  des  arts et mdt iers  
(Paris: Didot jeune, 1773), III, 445. ( l s t  ed., 1764). 

26. Le Comte de Buffon (1707-1788), L'His to ire  na ture l l e  (Paris: Im- 
primerie Royale, 1749), L'His to ire  na ture l l e  de l ' h o m m e ,  p. 472. 

27. F. Chaussier (1746-1828), M~moire  medico . l~gal  sur  la viabil i t~ de 
l ' e n f a n t  n a i s s a n t  (Paris: Compare jeune, 1826). W. R. Cowell, Great  
Br i ta in:  A c c o u n t s  and  Papers  (1833) (450) xx-xxi ,  Firs t  Repor t  o f  Com- 
m i s s ioner s  in  M a n u f a c t u r i n g  Dis tr ic ts  Re la t i ve  to the  E m p l o y m e n t  o f  
Ch i l d ren  in  Factories ,  sect, D.1. 

28. A. A. Hargenvilliers (1768-1835), R e c h e r c h e s  et  cons idera t ions  sur  
la f o r m a t i o n  et  le r e c r u t e m e n t  de l 'arm~e f ran~aise  (Paris: Firmin-Didot 
& Maginel, 1817). 

29. L. R. Villerm6 (1782-1863), "La taille de l 'homme en France," 
A n n a l e s  d 'hygi~ne  pub l ique  et  m~d i c i ne  Mgale, 1 (1829), 351--400. 

30. Despite kind advice from the keeper of the Archives of Cambridge 
University (Miss H. E. Peek) these records have not been traced. 

31. A. Quetelet, N o u v e a u x  Mdmoires  . . . .  [The title of this journal is 
now changed to] A c a d e m i e  Roya le  des  Sc ience  des Le t t res  et des B e a u x  
Ar t s  de Bela ique ,  7 (1831-32), 38 pp. Work presented in 1832 published 
in 1833. Quetelet is sometimes referred to by his full  name,  Lambert  
Adolplie Jacques. 

32. A. Quetelet, Sur  l ' h o m m e ,  e t  le d ~ v e l o p p e m e n t  de ses facu l tds  
(Paris: Bachelier, 1835). 
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To understand the importance of the Treatise on Man ( the  
English translation appeared in 1842) a3 it is necessary to look 
at Quetelet's place in the history of statistics. 

Adolphe Quetelet drew together the three main statistical 
developments and tendencies of his time: 1) The method in 
which verbal analysis and description were used to cover the life 
and organization of the state. This method originated with the 
work of Hermann Conring (1606--1681) in the seventeenth 
century and was continued in the next century by Gottfried 
Achenwall (1719-1772).  2) The school of '~Political Arithmetic" 
begun by John Graunt (1620--1674) and followed by William 
Petty (1623-1687).  3) The development of the mathematical 
theory of probability. ~4 

By combining and developing these approaches, Quetelet 
sought to understand man's situation in his society through 
the study of the development and general faculties of man 
himself. 

In his 
sections, 

BOOK II  

BOOK III  

Treatise on Man Quetelet divided his subject into four 
with these titles. 35 

BOOK I Development of the physical qualities of man. 
The material is concerned with the levels and causes of 
birth and mortality rates. 

Development of stature, weight and strength, etc. 

Development of the moral and intellectual qualities of 
m a n .  

Moral qualities were judged to be "Foresight, Temper- 
ance, Activity, etc." 
Intellectual qualities of different populations were com- 
pared by such criteria as the age of successful drama- 
tists and the incidence of insanity. 

BOOK IV Of the properties of the average man; of the social 
system, and of the final advancement of this study. 

Previous memoirs are included and developed in this work, and 
the concept of the average man ( h o m m e  rnoyen) is clearly put 

33. Treatise on Man, t r ans .  " u n d e r  t he  s u p e r i n t e n d e n c e  of Dr. R. K n o x "  
( E d i n b u r g h :  W.  a n d  R. C h a m b e r s ,  1842). 

34. M a l t h u s ,  L a  P lace ,  a n d  Four i e r  were  all  k n o w n  p e r s o n a l l y  to 
Quetelet .  For  Quete le t ' s  c o n t r i b u t i o n  to the  theory  of p robab i l i ty  s e e  H e l e n  
M. W a l k e r ,  Studies in the Histo~j of Statistical Method (Bal t imore :  
W i l l i a m s  a n d  W i l k i n s ,  1929). 

35. Quete le t ,  Treatise on  Man, bk. I, p. 9; bk. II, p. 57;  bk. III, p. 72; 
bk. IV, p. 96. 
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forward.  F. F. Hankins ,  in his "Adolphe Quetelet as Statistitian," a6 
suggests that  this concept  is the unifying principle found  
throughout  the wide range  of Quetelet 's  works on populat ion,  
mora l  statistics, physical  anthropology, and the social sys tem in 
general.  Through  this rei terat ion,  the idea came to be widely 
disseminated.  

Quetelet 's  concept  of the average m a n  changed f rom tha t  of 
the early memoirs ,  which had  depended upon direct measure-  
ments .  Originally he had  said: 

The m a n  that  I consider here  is analogous to the centre of 
gravity in bodies; he is the m e a n  about  which oscillate the 
social e lements ;  he  is, so to speak, a fictitious being for w h o m  
all things proceed conformly  to the average results  obtained 
for  society. I f  we wish to establish the basis of a social 
mechan ics  (mdcanique sociale), it is he w h o m  we should 
consider, without  stopping to examine  par t icular  or anomalous  
c a s e s .  37 

Later,  Quetelet  developed the view of the average m a n  as a 
biological type about  which the actual  m e n  of a given group 
were distr ibuted according to the no rma l  law of error, or the 
'2aw of accidental  causes," as Quetelet  called it. 3s 

Moleschott,  like Quetelet, recognized that  the average  m a n  
could not be constructed as a composi te  being, and he stressed 
tha t  his calculat ions should be applied to the majority, for, as 
he  said, we should always r e m e m b e r  that  "an individual  is 
indeed to some measure  an individual  just  because  he does not 
fit into a line of ar i thmet ica l  means ."  39 Nevertheless,  as Mole- 
schott  h imsel f  had  pointed out, it was  on the basis of uni t  of 
body weight  and uni t  of t ime tha t  a quantifiable s tandard  of food 
requ i rement  could be constructed.  

B)  DIETARIES 

Reference  has  already been made  to ra t ion scales. The example  
shown in Table 2 is f rom a s ixteenth-century "House of Correc- 
tion." 

36. F. F, H a n k i n s ,  "Ado lphe  Que te le t  as  S ta t i s t i t i an , "  Studies in History, 
Economics, and Public Law (New York: C o l u m b i a  Un ive r s i t y )  31 (1908),  
no.  4. 

37. Ibid, ,  p. 63. T h e  t r a n s l a t i o n  is  by H a n k i n s .  
38. Ibid. ,  p. 67. 
39. Molescho t t ,  Physlologie, p. 226. 
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Table 2 M a x i m u m  Daily Allowance per  Person 4° 

Flesh days 

Rye bread 

Porridge 

Flesh (unspecif ied)  

Beer 

8 oz ( t roy weight)  

1 pint  

1/41b 

1 pint  (qual i ty varied with 
cost)  

Those who worked hard  had  "a little more"  beer and bread 
between meals .  Those who would not  work received only beer 
and bread. F rom a scale of this type is was impossible to es t imate  
the intake of individuals or groups f rom over-all figures. The 
twenty-one dietaries used by Moleschott  for  his calculat ions were 
assumed to be the actual  intake of the people involved. Some, 
such as those of sailors and soldiers, were na tura l ly  related to 
their  ra t ion scales. Moleschott 's stated object in us ing figures 
f rom a variety or diets was to 

determine empirical ly and directly how m u c h  albuminous 
mat te r ,  f a t  and fat - formers ,  salt and water  a hard-working 
m a n  takes in 24 hours  if he is not  prevented by either need or 
prejudice f rom completely sat isfying the need for nour i shment  
he feels to be necessary.  41 

I t  was  assumed that  the soldiers, sailors, f a r m  workers,  
peasants ,  and ra i lway workers taking the foods listed were in 
the happy  position of being able to satisfy their needs. The 
figures Moleschott  used came  f rom the period 1842-1856,  and 
the wide selection of recorded dietaries then available indicates 
a marked  increase in the s tudy of diets in various countries 
dur ing that  period. I t  is, of course, impossible to pinpoint  the 
reason for  this interest,  but  some of the contr ibuting factors  m a y  
be indicated under  the following headings:  ( i )  Humani t a r i an ;  
( i i )  Practical;  and (i i i)  Scientific, i.e., the effect of the develop- 
men t s  in scientific thought  and techniques. These headings  also 
cover three factors  essential  to the general  implementa t ion  of 
any new i d e a s - - a  suitable cl imate of opinion, all expediential  
need, and the availabili ty of proper  techniques to do the task. 

40. F r o m  "Orders  . . . for  the  House  of Cor rec t ion  a t  Bury,  Suffolk'" 
(1588);  see F. E. E d e n ,  The State of the Poor  (London:  J. Dav i s  for  B. & J. 
Whi t e ,  1797), vol. I I I ,  App. cx l i i i .  

41. Moleschot t ,  Ph~.lsiologie, p, 217. 
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It  will be seen f rom the examples used by Moleschott that  the 
investigation of diets was taking place in various countries at 
this time. Here, the illustrative references given have been 
chosen from a British context. 

( i)  H u m a n i t a r i a n  factors 

The French Revolution and the impact  of such writings as 
Tom Paine's The  Rights  of  M a n  provided a climate of awareness 
about the ordinary m a n  and his problems. An indication of the 
confusion of contemporary thought in the early nineteenth 
century about the proper action to be taken to help the laboring 
classes is found in the studies of Sydney and Beatrice Webb and 
J. R. Poynter. 42 All approaches to the problem necessitated 
investigation into the conditions of life of the working man.  

( ii ) Practical factors 

Consideration of the diets of various groups of the population 
was forced on the authorities for practical reasons. 

The Naval  mut iny  of 1797 caused far-reaching reforms, 
among which were changes in naval rat ion scales. These were 
altered in 1825 and again in 1844. It  was said of the 1844 scale 
that there could be no "complaint of an insufficiency of food, 
al though the allowance [31-35 oz nutritious matter  daffy] cannot  
be regarded as superfluous. "43 Dietary conditions in the Army 
were brought  to the notice of the public through the Crimean 
War  (1854-1856) ,  but  earlier the high mortali ty rate of troops 
at overseas stations had resulted in a series of reports, such 
as Marshall and TuUoch's Statis t ical  report  on the Sickness ,  
Mortal i ty  and  Inval iding among  troops in the W e s t  Indies 
(1838) .  44 This was one of m a n y  such reports advocating an 
improvement  in Army diet. 

At home the high prices of food in 1795 led to the introduction 
of the Speenhamland System which provided a scale of outdoor 
relief. This scale was based on the price of bread and the size of 
the family.45 Continuing destitution and the rapid rise of the 
Poor Rate led to the Poor Law Amendment  Act of 1834, the 
basis of which was the abolition of outdoor relief for the able- 
bodied poor and the concentrat ion of the care of the needy in 

42. S. and B. Webb, English Poor Law History (London: F. Cass, 1963), 
pt. II, vol. I. First edition 1929: J. Poynter, Society and Pauperism 
(London: Routledge & Kegan Paul, 1969). 

43. Carpenter, Human Physiology, p. 45. 
44. Great Britain, Army Medical Services: H. Marshall and A. M. 

Tulloch, Statistical Report on the Sickness, Mortality and Invaliding 
among Troops in the West Indies (London: W. Clowes, 1838). 

45. Webb, Poor Law History, pp. 177-178. 
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Union Workhouses. In  1836 the Poor Law Commissioners 
suggested six general dietaries (based on past  usage)  to be used 
by the guardians for able-bodied men and women in workhouses. 
The important  point underlying the use of these diets was 
that  they must  not be better than "the ordinary levels of sub- 
sistence of the labouring classes of the district." 46 The need to 
determine this level of subsistence led to fur ther  investigations 
into the s tandard of living of laborers and agricultural workers 
in various parts of the country. 

( i i i  ) S c i en t i / i c  f ac to r s  

The important  relationship between the development of ele- 
mentary  analysis and the origins of physiological chemistry has 
been well described by F. L. Ho lmesY The new techniques of 
analysis were quickly applied to a wide variety of foodstuffs. In  
1816 Francois Magendie had shown that  animals could not live 
on one type of food alone, 48 and a number  of other workers in 
animal nutri t ion had investigated the nutritive value of different 
foods. Following Thaer's table of hay-equivalents of 1812, Bous- 
singault produced his T a b l e  o f  E q u i v a l e n t s ,  based on nitrogen 
content, in 1844. 49 This table gave quantities of different kinds 
of vegetable foods which, theoretically, would produce the same 
effects on the growth of muscle in animals. From his work on 
calculating proper rations for animals, R. D. Thomson,  in 1846, 
emphasized the great importance of the ratio of nitrogenous to 
nitrogen-free foods in the diet. 5° This ratio, given in terms of 
the nitrogen and carbon contents of a diet, came to be used 
for the comparison of the value of different food intakes. By 
Moleschott's time the techniques available for estimating and 
comparing the value of different foods had given a new sig- 
ficance to the study of dietary intakes. 

The dietaries used by Moleschott came f rom the following 
authors : 51 

MHLD~.a tWO examples of soldiers 

46. Great Britain, Poor Law Commissioners, Edwin Chadwick, Second 
Annual Report of the Poor Law Commissioners for England and Wales 
(London: W. Clowes, 1836), p. 63. 

47. F. L. Holmes, "Elementary Analysis and the Origins of Physiological 
Chemistry," Isis, 54 (1963), 51-81. 

48. F. Magendie, "M~rnoire sur les propri~t~s nutritives des substances 
qui ne eontiennent pas azote," Ann. Chim. Phys., 3 (1816), 66--77. 

49. J. Boussingault (1802-1887), Economic rurale (Paris: B~chet jeune, 
1844), p. 483. 

50. It. D. Thomson (1811-1864), Experimental Researches on the Food 
of Animals (London: Longman, 1846), p. 165. 

51. Molesehott, Physiologic, p. 218. 
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PLAYFAIR 

LIEBIG 

GASPA.RIN 

PAYEN 

eight examples  of soldiers, sailors, and agricultural  
laborers  

one example  of soldiers 

one example  of a ' T r ench  worker" 

seven examples  of a sailor, workers,  peasants ,  hand- 
workers  and English ra i lway workers 

WUNDT~ 
C~NTHJ self-observations 

Comment s  on Authors and Diets 

The dietaries selected by Moleschott  came  f rom the works of 
authors  with widely differing backgrounds.  Details were rarely 
given of how the dietary records were collected. 

MULDF, a, G. J. ( 1 8 0 2 - 1 8 8 0 )  Dutch physiologist, f amous  for  
his theory tha t  there was one radical  in a lbuminous- type ma-  
terials which he called proteine. One-time teacher  of Moleschott  
(who t rans la ted  some of his works into G e r m a n ) ,  Mulder 's  
reference  to the diet of  Dutch soldiers was incidental  to his 
discussion of the value of foods. 5z 

PLAYFAIa, LYON (1819--1898),  one-time pupil of Liebig; Sec- 
re tary  to the Depa r tmen t  of Science and Arts in Britain; la ter  
Professor  of Chemis t ry  in Edinburgh and Member  of Par l iament .  
The figures used were taken f rom his paper  entit led "The Food 
of Man under  Different Conditions of Age and Employment , "  
given at the Royal Inst i tut ion in 1853.5a From this article Mole- 
schott  used records of English, French,  and Bavar ian  soldiers, 
and English sailors under  var ious conditions. 

LI~BiC, J u s T o s  YON (1803--1873).  Details of the diet of 
Hess ian  soldiers were given in his Animal  Chemistry.  Accurate  
observations were made,  for  a month ,  on the food intake of 
27 -30  soldiers in barracks.  The quant i ty  of food taken outside 
was given in "'an approximate"  repor t  by the sergeant-major .  
The total intake of food was added up, and this quant i ty  was 
taken as the daily intake for  855 men.  Molesehott 's  figures were 
taken f rom this total as the average per  m a n  per  day. 54 

GASPAm-N, A. E. P. D~. (1783--1862),  French authori ty  on 

52. G. J. Mulder, Die Erniihrung in ihrem Zusammenhange mi t  dem 
Volksgeist (Utrecht, Diisseldorf: Bfttischer,  1847), p. 59. 

53. Lyon Playfair,  "The Food of Man under  Different Conditions of Age 
and Employment,"  Proc. Roy. Inst. of G. Brit., I (1853), 313-317. 

54. Liebig, Animal  Chemistry, pp. 285-289. 

261 



JANE O'HARA-MAY 

agriculture,  author  of the f am ous  Cours d'agriculture, 1843-  
186055 Gaspar in  wished to relate food intake to work done and 
used figures f rom Quetelet  and Villerm~ to do this. Details of the 
diets of agricultural  workers were placed under  the section on 
F a r m  M a n a g e m e n t  in the par t  dealing with Capital  Inves tment .  
Under  this heading Gaspar in  included i tems related to the heal th  
and working ability of m e n  and beasts. 

PAYEN, ANS~LM (1795--1871) French  industr ial  chemis t  of 
high repute.  The diets were taken f rom Des substances alimen- 
taires. 5~ Here Payen records and comment s  on diets taken f rom 
a n u m b e r  of sources including Gaspar in 's  Cours d'agriculture. 
One of par t icular  interest  is that  of the English ra i lway workers 
who were working on the Rouen railway. 5r Their  larger  daily 
rat ion of m e a t  was thought  to account  for the fact  that  they did 
so m u c h  more  work than  their French  counterparts .  This com- 
par ison was frequent ly  quoted by later  writers to i l lustrate the 
impor tance  of m e a t  in the diet when  doing hard  work. 

G~NTH, A, E., was a physic ian  at the Spa at Wiesbaden.  The 
informat ion  about  his diet came  f rom his study of the effects of 
dr inking water.  5s 

WUNDT. This individual has  not yet been definitely identified, 
but  he m a y  have  been a s tudent  at Heidelberg in Moleschott 's 
time. 

Moleschott  did not, himself ,  record any diets for the purpose 
of his calculations,  and obviously the dietaries he used had  not  
been designed for tha t  purpose.  The records he chose contained 
the in format ion  he needed for his calculations, though no single 
diet provided informat ion  on all the points tha t  interested him. 
These points were:  

The total  weight  of ni t rogenous 
mate r ia l  ea ten:  figures available f rom all diets 

The total ni trogen-free mater ia l  
( f a t  and carbohydra te )  : f r om 13 diets 

55. A. E .P. de Gaspaxin, Cours d'Agriculture (Paris: Maison Rustique,  
1843-1860), V, 387-396; and  see also III, 51. 

56. A. Payen,  Des substances alimentaires (Paris: Hachet te ,  1853), pp.  
339-386. 

57. Ibid., p. 376. 
58. E. A. Genth,  Untersuchungen euber den Ein~uss des Wassertrinkens 

auf den Stoffwechsel, nebst einigen Bemerkungen, betre[~end die in der 
Wasserheilanstalt Nerothal iibliche Verbindung der Bewegungs-Heilmethode 
rnit Wassercur (Wiesbaden: I~eidel  & Nied.uer, 1856). 
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The rat io of ni t rogenous to 
nitrogen-free foods : f rom 13 diets 

The rat io of f a t  to fat-  
fo rmers  : f r om Wundt  and Genth 

Salt intake : f rom 13 diets 

The total water  was calculated f rom excret ion figures. Mole- 
schott  wished to relate his findings back to his "reference man"  
of 63.65 kg, but  of all the diets he used, only those f rom Gaspar in  
and Genth were given in relat ion to body weight. 

The diets of Moleschott  used were for  the mos t  par t  chosen 
f rom the publicat ions of well-known men.  These were, in fact ,  
only a small  pa r t  of those records available in the 1850s. Mole- 
schott  does not, for example ,  refer  to Die Normal-Dit i t  by W. 
Hildesheim, published in Berlin in 1856, ~9 in which the author 
a t tempts  to de termine  a no rma l  diet through an  examina t ion  of 
metabol ic  studies and dietary intakes.  

C)  BALANCE STUDIES 

Moleschott  checked the suitability of these dietary intakes 
against  the ma t t e r  excreted by his "reference man"  in 24 hours, 
He recognized tha t  this method  would give a low figure for food 
intake because it was  not possible to measure  accurately  all 
body losses. His method  was based on the belief tha t  for  a 
normal ,  heal thy  adult  output  is equivalent  to intake. A proper  
ba lance  between the intake and excretions of the body was a 
f u n d a m e n t a l  pa r t  of m a n y  theories of heal th,  and a study of this 
ba lance  has  long been used to invest igate metabol ic  processes. 

The first precise m e a s u r e m e n t  we have  of intake related to 
output  is that  of Sanctorius (1561 -1636) .  Sanctorius worked in 
Padua  and for  more  than  thirty years  studied the weight  of 
insensible perspira t ion ( including vapor  lost f rom the lungs)  in 
relat ion to the six non-naturals .  His findings are found  in "Aphor- 
isms" in the Medic ina  Statica. eo Dr. James  Keill ( 1 6 7 3 - 1 7 1 9 )  
of N o r t h a m p t o n  did a s imilar  s tudy in the English climate.  His 
results  are published, together with John  Quincy's  t ransla t ion of 

59. W. Hildesheim, D i e  N o r m a l - D i g i t ;  P h y s i o l o g i s c h - c h e m i s c h e r  versuch 
z u r  E r m i t t e l u n g  d e s  N o r m a l e n  N a h r u n g s b e d i i f n i s s e s  d e r  M e n s e h e n ,  b e h u f s  
A u f s t e l l u n g  e i n e r  N o r m a l . D i d t  (Berlin: Hixsehwald, 1856). 

60. Sanctorius'  M e d i c i n a  S t a t i c a  was a famil iar  work. It had b e e n  
"Englished" by J(ohn) D(avis) in  1676 (London: J. Staxkey )and was com- 
mented  o n  by Martin Lister: S. $ a n c t o r i l  de  S t a t i c a  M e d i c i n a  . . . c u r e  
C o m m e n t a r i o  (London: Smith & Wa].ford, 1701). 
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Sanctorius '  Aphorisms,  in Medicina Statica Britannica of 1728. 61 

Among Keill's sixty-six aphor isms are these:  

AI, H. 8 "In a mos t  heal thful  state the Quant i ty  ejected is equal  
to the Quant i ty  taken in." 

A~H. 40 "The na tura l  Discharges are not  in proport ion to the 
weight  of the Body, but  the Quant i ty  of Diet t aken  in." 

APH. 43 "If  the Quant i ty  of food be greater  or lesser than  need- 
ful, then it  will not answer  to the Quanti t ies evacuated:  
for  whether  we eat  more  or less, Na tu re  always keeps a 
cer tain Rule in Evacuat ion."  62 

Despite the recognit ion of this last  rule, excretions were still 
considered to be in proport ion to in take because,  i t  was  said, 
"the rule admits  wide lati tude" and, in any case, depended on 
the powers  of digestion. ~ 

The relat ionship between the weights of food intake and 
excretions was confirmed some ten years  la ter  in Bryan Robin- 
son's Dissertation on the Food and Discharges of the H u m a n  
Body,64 in which the author combined his own results with Keill's 
and with mater ia l  f rom George Rye's Medicina Statica Hibernica 
(1734)  65 and the reports  of John Lining of South Carol ina 
(1708-1760) .  68 All their  figures show that  the weight  of food 
taken about  equals the weight  of excretions. Robinson believed 
tha t  the quant i ty  of mater ia l  discharged was governed by the 
mot ion  of the blood. In  Proposition I I  he writes : 

The  sum of the Discharges  by Perspirat ion ( p ) ,  Urine ( u ) ,  
and s too l ( s ) ,  in a Na tu ra l  day or any  other Time,  is near ly  
proport ional  to the m e a n  Quanti ty  of Blood, which  in that  
Time flows out of the Hear t  into the Aorta in one Systole (q ) ,  
and  the N u m b e r  of Systoles or Pukes in the same Time taken 
together (N) .  

61. John Quincy (d. 1722), M e d i c i n a  S ta t i ca  Br i tann ica ,  4th ed. (London: 
Osborne & Longman, 1728). 

62. Ibid., p. 323, 335, 336. 
63. Ibid., p. 337. The concept of homeostasis was developed from the 

work of Claude Bernard and introduced in the twentieth century by 
Walter B. Cannon in T h e  W i s d o m  o f  the  H u m a n  Body  (New York: W. W. 
Norton, 1932), p. 24. 

64. Bryan Robinson (born 1679) A Disser ta t ion  on the  Food and  Dis- 
charges  of H u m a n  Bodies  (London: J. Nourse, 1748). 

65. George Rye, "Medica Statica Hibemica"  can be found as the second 
part  (p. 189 et seq.) of Joseph Rogers' A n  Essay  on  E p i d e m i c  Diseases . . . 
(Dublin: printed by S. Powell for W. Smith, 1734). 

66. Lining's results were published in  Phil .  Trans .  Roy.  $oc. 42 (1743), 
491-509; 43 (1745), 318-330. 
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And he gives the formula ,  

p + u + s is near ly  proport ional  to qN 67 

Robinson's  p r im a ry  concern was with the quant i ty  of mater ia l  
taken in and excreted. Later  workers  took somewhat  different 
approaches.  Wil l iam Cruickshank,  for  example ,  was concerned 
with the composi t ion as well as with the quant i ty  of insensible 
perspirat ion.  He first published his Experiments on the In- 
sensible Perspiration of the Human Body showing its Affinity to 
Respiration in 1779 and republished it in 1795. 68 He believed 
tha t  the skin could absorb and excrete "air," and he thought  tha t  
the composi t ion of insensible perspira t ion was similar  in effect 
to expired a i r - - a  point  over which he came  into collision with 
Priestley. 

In  the early n ine teenth  century it was  known tha t  if excreted 
ma t t e r  was to be related to in take in te rms of quality as well as 
quant i ty  the connect ion should be through the chemical  e lements  
of nitrogen,  carbon,  hydrogen,  and oxygen, and at  tha t  t ime 
m u c h  exper imenta l  research  was done along these lines. The 
analysis  of  urine,  sweat,  and feces done by Berzelius in 1806 
remained  a s tandard  for  m a n y  years,  being commended  in 1820 
by Thomas  Thomson  (1773 -1859)  o9 and by later  writers such 
as C. G. L e h m a n n  in his Physiological Chemistry.VO Regarding 
excret ion through the lungs, the work of Allen and Pepys on 
h u m a n  respirat ion,  published in 1809, is par t icular ly  notable. 71 
But before e lementa l  intake could be equated with output,  the 
idea that  e lements  could be produced dur ing metabol i sm had  to 
be discarded. In  1799 L. N. Vauquelin had  demons t ra ted  by 
exper iment  that  the hen  could generate  calcium. 72 In  1838 
T h o m a s  Thomson  had been uncer ta in  that  fixed principles were 
produced by growing plants,  7s and by 1843 Perei ra  still felt  it 
was  necessary  to make  the point,  more  than  once, tha t  "a living 
body has  no power  of fo rming  elements ,  or of convert ing one 

67. Robinson,  Food and Discharges, p. 28. 
68. Wi l l iam Cru ikshank  (1745-1800), Experiments  on the Insensible 

Perspiration of the H u m a n  Body showing its Af~ni ty  to Respiration, first 
publ ished with other mater ia l  in  1779, "'republished wi th  addit ions and  
corrections," 1795, (London: pr inted for G, Nicol). 

69. T h o m a s  Thomson,  A System of Chemistry,  6th ed. (London: Baldwin, 
Craddock & Joy, 1820), IV, 536, 539, 553. 

70. Trans la ted  by G. E. Day f rom the German  edition of 1850 (London: 
Cavendish  Society, 1851-1854), II, 384. 

71. W. Alien and  W. H. Pepys, Phil. Trans. Roy. Soc., 2 (1809), 404--429. 
72. L. N. Vauquel in  (1763-1829), Ann.  Chim. 29 (1799 or An. VII), 3-26. 
73. T. Thomson ,  Chemistry of  Organic Vegetables (London: Bailli&re, 

1838), p. 972. 
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elementary substance into another." 74 For some time thereafter 
the definition and theory of chemical elements and the question 
of their immutabili ty remained subjects for controversy. 75 As far  
as h u m a n  metabolic balance studies were concerned, by Mole- 
schott's time is was generally accepted that  the elements in the 
body must  have been obtained f rom outside the body, the obvious 
source being food. This still left the question of whether at- 
mospheric nitrogen could be used by the body and would 
appear in nitrogen balance results. Though Boussingault 's work 
on "metamorphosis" in 1844 had shown that  atmospheric nitro- 
gen was not used by animals as a food, 7B the subject continued 
to be controversial. It might  have been hoped that the use of 
more precise techniques at this time would have lessened the 
likelihood of controversy. Far f rom it. One gains the impression 
that there can hardly have been a chemist  of note who did not 
study some aspect of bodily excretion, nor a substance discovered 
which did not cause a verbal as well as a chemical reaction. 

During the 1850s research into metabolism included a large 
number  of investigations of the volume and quality of body 
losses under normal  and abnormal  conditions. E. A. Parkes 
collected many  of these results in his book on The Urine 
(1860).7~ From a comparison of reports it was clear that even 
under normal  conditions wide variations in results were possible. 
Nevertheless Moleschott used results of urine analysis as the 
base of his calculation of food intake f rom excretions. He took 
his figures f rom the results of ten researchers, including such 
well-known workers as Scharling, Barral, and Bischoff, 7s adjust- 
ing their figures for his "reference man" as shown in the 
accompanying Table 3. ~0 

He derived his calculations of food intake from the quantity 
of nitrogen excreted. Most of this nitrogen was in the urea, and 
the basis of his calculation was the relationship of urea to nitro- 
gen intake. Some research workers believed that  urea came in 
part  f rom the breakdown of tissues and that part  could also be 
formed f rom nitrogen in the food. Moleschott, like Liebig and 
Bischoff, belonged to the school of thought  that believed urea to 

74. Food and Diet, pp. 4, 468. 
75. See David M. Knight ,  Atoms  and Elements ,  a Study of Theories of 

Matter in England in the Nine teen th  Century (London: Hutchison ,  1967). 
76. J. B. Boussingaul t ,  Ann.  Chim. Phys,,  12 (1844), 153-167. 
77. E. A. Parkes (1819-1876), The Composit ion of the Urine in Heal th  

and Disease under  the Action of Remedies  (London: Churchil l ,  1860). 
78. Moleschott, Physiologie, p. 58, Table LXX. References are to Schar- 

ling, Barral,  Bischoff, Sherer, l~ummel, Mosler, H a m m o n d ,  yon  Franque ,  
Kaup,  and Schneller, Here the figure for uric acid is given as 0.61, 

79. Ibid., p. 221. 

266 



Measur ing  Man's  Needs 

Table 3 The Amount  of Nitrogen, Carbon and Hydrogen  in the 
Most I m p o r t a n t  Elements  of Excret ion 

Amount  of ma t t e r  in 
question for  a body- 
weight  of 63.65 kg Grams  Contained therein 
in 24 hours  N C H 
Urea  31.'3 14.60 6.9.6 2.08 
Uric acid 0.31 0.20 0.21 0.01 
Ur inary  p igment  7.79 0.69 4.55 0.40 ~ 
Carbonic acid 963.29 263.56 
Water  3119.78 346.64 

15.49 274.58 349.13 

analysis.  aCalculated according to Scherer 's  

be solely a product  of the me tamorphos i s  of ni t rogenous tissues, s° 
From this point  of view the ni t rogen excreted in the urine could 
be taken to represent  the ni t rogen required by the body for  the 
r ep lacement  of tissues, and therefore  could also represent  the re- 
quired ni t rogen intake f rom food in twenty-four  hours. In  the 
middle  of the n ine teenth  century workers  accepted the fac t  tha t  
the ni t rogen ba lance  of the body was not understood. The much- 
quoted work of C. Chossat  81 on metabol i sm dur ing inani t ion 
(1849.) and the mass ive  researches  reported by Bidder and 
Schrnidt in their  Die Verdauungssaefte und der Stoffwechsel 
(1852)  s2 had  given clues to the true si tuat ion regarding ni t rogen 
ba lance:  that  is, that  within limits the no rma l  adult  body adjusts  
its n i t rogen output  to intake,  but  equil ibrium is not reached  
immedia te ly  when  a change  of intake occurs. Ni t rogen balance  
figures cont inued in use for es t imat ing protein needs until  very 
recently.S3 Molesehott 's  calculat ions assumed  equilibrium. 

Using figures shown in Table 3 and  Mulder 's  es t imate that  
there was 15.5 percent  n i t rogen in a lbumin,  Moleschott  said 
that  the ni t rogen excreted (15.49 g) ,  was equivalent  to 100 g 
albumin.  By subtract ing the carbon present  in this quant i ty  

80. See G. E. Day (1815-1872), Chemistry  in Relation to Physiology and 
Medicine (London. Bailli~re, 1860), pp. 37-49. 

81. C. Chossat  (1796-1875), "Recherches exp~rimentales  sur  ] ' inanit ion,"  
Annales  des Sciences naturelles (Zoo]ogie), 20, (1843), 55-81, 182-214, 
293-326. 

82. F. Bidder (1810-1894) and  C. Schmidt,  Die Verdauungssaef te  und  
der Stof fwechsel  (Mitau, Leipzig: G. A. Reyher, 1852). 

83. The  latest  (7th) revision (1968) of the U.S.A.N.R.C.  Recommended  
Dietary Allowances is the first to discard the ni t rogen equi l ibr ium method  
for es t imat ing  protein needs  of adults  and  chi ldren over one year. 
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of albumin he was left with the carbon present in nitrogen-free 
foods. Arbitrarily selec~.ng starch and margar ine  s4 as representa- 
tive of the two nitrogen-free groups, Moleschott used their 
formulae,  the ratio of fat  to starch (1 :4 .84 )  f rom the dietaries 
referred to above and, making adjustments for respiration, 
calculated the amount  of starch, fat  and water taken in. He found 
by this method that the calculated total food intake was ap- 
proximately the same as the dietary average : 3.818 kg compared 
with 3.448 kg. He took the similarity of the two results to be 
"the best proof that the food requirements we have given, as 
sufficient for a working man,  are not exaggerated." 85 This em- 
phasis on the fact  that  the quantities he had  advocated for a 
working m a n  were not too large is found throughout  his work. 
By comparing "active," "resting," and "subsistence" figures, s6 
Moleschott underlined the need of an active m a n  for more than a 
minimal  allowance. 

It may  have been his emphatic  belief in the necessity of proper 
nour ishment  for a man  to work and a woman  to feed her children 
which led him to formulate his standard. Moleschott himself 
gave no direct explanation, either in his Preface or in the 
relevant chapter of Physiologic, as to why he wished to show, 
against contrary opinion, that such a s tandard could be set up, 
but  his approach would have been derived both from his work 
and f rom his philosophy. Moleschott's physiological investiga- 
tions covered a wide field, including work on the kidney, blood, 
and respiration. The use he made of the many  tables given in 
his publications illustrate the importance he placed on scientific 
measurement  in nutrit ional w o r k - - a n  attitude he would have 
met  when he worked briefly in Mulder's laboratory (1845)  s7 
after taking his M.D. degree at Heidelberg. Returning to teach 
at Heidelberg in 1847, he did not confine his interests to labora- 
tory research but  included the study of m a n  as a whole in his 
lectures. He was particularly concerned with the causes (chemi- 

84. Margar ine  (margar ic  acid) w a s  discovered by M. E. Chev~eul in 
1813. I n  1855 W. H. Heintz  described it as a m i x t u r e  of pa lmi t i n  and 
stearin.  

85. Molcschott ,  Physiologic, p. 224. 
86. Moleschott ,  Physiologie, p. 225. The "'resting" figure was  obta ined 

f r o m  reports  by P layfa i r  on the diet of Engl i sh  and Bengalese p r i soners  
(see n. 63 above). The  " 'subsistence" f igure (40 g a l b u m i n o u s  mater ia l )  w a s  
considered to be of in teres t  only to scient is ts  and  pe rhaps  those ship- 
wrecked or beseiged. 

87. See W. Moser, Der Physiologe ]akob Moleschott (1822-1893) und 
seine Philosophie, Zftrcher Medizingeschichtliche Abhandlnngen, Neu  
Rcihe 43 (Ziirich: Juris-Verlag,  1967). 
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cal and phys ica l )  r a the r  t han  the reason  ( theological  and phi- 
losophical)  of m a n ' s  being. The s t rength of these material is t ic  
views caused such opposition tha t  he  was forced to leave 
Germany ,  and it is for  his views in the phi losophy of mater ia l -  
i sm ss r a the r  t han  for  his work in physiology tha t  Moleschott  is 
r emembered  today. His f r iend Ludwig Feuerbach,  discussing 
Moleschott 's  Lehre der Narungsmit te l  fiir das Volk (1850) ,  89 
s u m m e d  up the content  of the book with the oft-quoted com- 
men t :  "der Mensh ist was  er isst," 90 " m a n  is wha t  he  eats." 
I t  was  in this book that  Moleschott  made  his most  controversial  
and mos t  quoted s ta tement ,  namely ,  "Ohne Phospher  kein 
Gedanke,"  91 though these words have  in fac t  been at tr ibuted to 
a var iety of other authors,  including Liebig. 92 It  can  be seen tha t  
wi thin  the f r amework  of his strong material is t ic  philosophy, 
the impor tance  of a proper  diet for the heal th,  happiness ,  and 
fulf i l lment of m a n  m u s t  have  had  a par t icular  significance for  
Moleschott.  

As already noted, Moleschott  was  not  alone in his a t tempts  to 
quant i fy  dietary needs. Several examples  of similar  approaches  
m a y  be cited: Gaspar in  had  pointed out the impor tance  of 
both p a r t s - - t h e  ration d'entretien and ration de travai l - - in  a 
proper  diet, when  discussing the work of a f a r m  laborer;  9~ the 
work of Hildesheim, already referred to; I. Leitch, in "'The 
Evolution of Dietary Standards"  wri t ten in 194224 commented  
par t icular ly  upon the s tandard  set by Dr. Edward  Smith  95 in his 
report  on the Lancashi re  Cotton Famine  of 1862; 96 the f amous  

88. Moleschott  had  eighteen references in  the index of F. A. Lange  
The History of Materialism and Criticism of Its Present Importance, t rans.  
E. C. Thomas ,  3rd ed. (London: Kegan,  Paul ,  Trench,  Trubner  & Co., 1925), 
three vo lumes  in  one. ( l s t  Ge rman  ed., 1865.) 

89. J. Moleschott,  Lehre der Nahrungsmittel  fur  das Volk (Erlangen: 
F. Enke, 1850). The book i tself  gives Er l aagen  as place of publicat ion;  some 
bibliographies quote Stuttgart.  

90. Moser, Moleschott, p. 18. 
91. Molesehott,  Lehre der Nahrungsmittel,  p. 116. 
92. J. Liebig, Principles of Agricultural Chemistry wi th  Special Refer- 

ence to the Late Researches Made in England, trans.  W. Gregory (London: 
Wal ton  & Maberly, 1855), p. 49n. 

93. Gasparin ,  in  Cours d'agriculture, V, 390, suggested a total of 25.01 g 
ni t rogen and  309.0 g carbon for a m a n  weighing  62.541 kg. 

94. Nutrition Abstracts and Reviews, 11 (1942), 509-521. 
95. Great Britain, Public Heal th ,  Fif th Report of the Medical Officer of 

the Privy Council (London: Ey~e 8: Spottiswoode, 1863), App. V, pt. 3 
(Edward Smith,  "Nour i shmen t  of the Distressed Operatives"), pp. 320-456. 

96. Edward Smith  (1818-1874) advocated 200 grains  of ni t rogen and  
4,000 grains  of carbon for a m a n ' s  body weight  of 150 lb (1 oz avoix = 
437.5 grains).  
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phys io log i s t  Kar l  V ie ro rd t  also p r o v i d e d  q ua n t i t i e s  for  r e q u i r e d  
d i e t a r y  i n t a k e P  7 

Of the  f igures  ava i l ab l e  t h e n  as  wel l  as  l a t e r ,  Molescho t t ' s  
s t a n d a r d  w a s  the  one  m o s t  w ide ly  quoted.  T h e  r e a s o n s  for  th is  
se lec t ion  w o u l d  s e e m  to be due  to the  a u t h o r i t y  of  the  a u t h o r  in  
the  sub jec t ,  the  p l a c e  of  p u b l i c a t i o n ,  a n d  the  m e t h o d  of  p r e s e n t a -  
t ion.  T h o u g h  Mose r  sugges t s  t h a t  Molescho t t ,  i n  h is  o w n  t ime ,  
w a s  c o u n t e d  in  the  s econd  r a n k  of  sc i en t i s t s  ( p a r t l y  p e r h a p s  
t h r o u g h  d i s a p p r o v a l  of  h is  p h i l o s o p h y ) ,  9B the i n f l uen t i a l  E ng l i sh  
wr i t e r s  E. A. Pa rke s ,  a n d  G. E. Day,  in  1864, d e s c r i b e d  h i m ,  in  
r e l a t i o n  to nu t r i t i on ,  as  " the  g rea t e s t  a u t h o r i t y  at  p r e s e n t "  a n d  
"a we l l - known  G e r m a n  [sic] a u t h o r i t y  on  d ie te t ics ."  99 Moreover ,  
Molescho t t ' s  s t a n d a r d  was  p u b l i s h e d  in  a book  d e a l i n g  spe- 
c i f ica l ly  w i th  nu t r i t i on .  The  f igures  of  G a s p a r i n ,  Smi th ,  a n d  
Vie ro rd t  a p p e a r e d  in  works  of  a d i f f e ren t  c h a r a c t e r .  

I n  the  l a rge  n u m b e r  a n d  wide  r a n g e  of  h is  p u b l i c a t i o n s  1°° 
Mo le scho t t  s u c c e e d e d  in  h is  a i m  of  d e s c r i b i n g  the  n e w e s t  dis- 
cover ies  s i m p l y  a n d  c lea r ly ,  so t h a t  t hey  were  c o m p r e h e n s i b l e  
to an  a u d i e n c e  b e y o n d  j u s t  those  who  spec ia l i zed  in  the  subjec t .  
I n  c o n t r a s t  H i l d e r s h e i m ' s  work ,  t h o u g h  quo ted  by  Pa rke s ,  1°1 
r e q u i r e d  a p e r s i s t e n t  s t u d e n t  to work  t h r o u g h  the  tab les ,  w h i c h  
h a d  the  we igh t s  g iven  in  'qoths"  to the  f o u r t h  d e c i m a l  p lace .  1°2 

T h e  c o n t i n u e d  r e f e r e n c e  to Molescho t t ' s  " n u m b e r s "  in  text -  
books  wil l  h a v e  b e e n  i n f l u e n c e d  by  the  u s u a l  h a b i t  of  r e pe t i t i on  
a n d  by  the r e s p e c t  a n d  a f fec t ion  in  w h i c h  Molescho t t  was  h e l d  
un t i l  the  e n d  of  h is  l ife.  Moser  ~oa r e f e r s  to the  g ree t ings  Mole- 
scho t t  r ece ived  on  h is  s e v e n t i e t h  b i r t h d a y  ( 1 8 9 2 )  f r o m  the  m o s t  
i m p o r t a n t  m e n  in  Europe .  The  t r i bu t e s  p a i d  h i m  a t  t ha t  t ime  
by  h is  I t a l i a n  co l l eagues  were  p u b l i s h e d  a f t e r  his  d e a t h  in  a 
t r a n s l a t i o n  of  h is  a u t o b i o g r a p h y .  1°4 

97. K. Vierordt (1818-1884), Der Physiologic des Menschen (Frankfurt 
A.M.: Meidinger Sohn & Co., 1860), p. 192. 

98. Moser, Moleschott, p. 7. 
99. E. A. Parkes, A Manual of Practical Hygiene Prepared Especially for 

Use in the Medical Service of the Army (London: Churchill & Sons, 1864), 
p. 139. G. E. Day, Chemistry in Relation to Physiology, p. 514. 

100. See Moleschott's Untersuchungen zur Naturlehre des Menschen 
und der Thiere, ed. G. Colasanti & S. Fubini (Giessen: E. Rot.h, 1695), vol. 
XV, pt. I, pp. 12-20. 

101. Parkes, Manual of Hygiene, p. 139. Hero Hildesheim's figures are 
given in "ounces avoir" as: albuminates 4.64, fat  1.3, starches 16.8. 

102. One Loth = approx. 1 / 3 2 -  1/30 of an ounce. The value varied at 
different times. 

103. Moser, Moleschott, p. 27. 
104. Elsa Patrizi-Moleschott (trans.), Jacopo Moleschott, Per gli antici 

miei: Ricordi autobiografici (Milan, Palermo, Naples: Remo Sandron, 
1902), pp. 291-350. Tributes came from D'Armunzio, A. Mosso, C. Lom- 
broso, and P. Giacosa. 
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Finally, it is of interest to see how Moleschott's s tandard was 
used in the subsequent years of the century. Referring in 1869. 
to the calculations of requirements,  the German physiologist 
Garup-Besanez commented  that though Moleschott's calculations 
were based on partly unsure and variable data  it should still 
give some idea of the actual state of affairs, l°~ After further  de- 
tailed comment  on Moleschott's chapter,  Garup-Besanez stressed 
that the calculations were valid only as far as they had been 
made on the results of a large number  of people and were not 
applicable to individual cases. The writer, like others at that  time, 
then concentrated on what  the figures meant  in terms of foods to 
be eaten. T M  This type of approach is also found in Pavy's 
Treatise on Food and Diet lov of 1874 where specific reference 
is made to Moleschott 's standard. For some workers the results 
of Ranke's experiment on himself l°s supplanted Moleschott's 
figures. Michael Foster, in his Textbooh of Physiology (1878) ,  
quoted both Moleschott ( inaccurate ly)  and Ranke as follows :~o9 

Moleschott  Ranke  
(wt  74 kilos) 

Proteids 30 B [sic] 100 
Fat 84 100 
Amyloids 404 9.40 
Salts 30 25 
Water  2800 9.600 

IShould  r ead  130 g. No  u n i t s  were  g i ven  by Foster .  

Here the weight of Moleschott's "reference man"  was omitted, 
though Ranke's weight was given. Foster compared the two 
standards in the following terms:  

Of these two diets, which agree in m a n y  respects, that  of 
Ranke is probably the better one, since in public diets, f rom 
which Moleschott's table is drawn, the cheaper carbohydrates 
are used to the exclusion of the dearer fats. 

105. E. F. y o n  G a r u p - B e s a n e z  (1817-1878) ,  Lehrbueh der Physioio- 
gischen Cheraie ( B r a u n s e w e i g :  F. Vieweg & Son,  1862), pp.  749-751 .  

106. T h e  c h a r a c t e r i s t i c  m o d e m  a p p r o a c h  of c o n c e n t r a t i n g  on  t he  q u a n -  
t i ty  of  n u t r i e n t s  requixed  w i t h o u t  a n y  i m m e d i a t e  r e f e r e n c e  to foods tu f f s  
w a s  a l a te r  a n d  a g r a d u a l  deve l opmen t .  

107. F. W. P a v y  (1829-1911) ,  A Treatise on Food and Dietetics (London :  
J. & A. Chu rch i l l ,  1874), p. 452. 

108. J. R a n k e  (1836--1916),  Grundziige der Physiologie des Mense lwn  
(Leipzig:  W. E n g l e m a n n ,  1868), p. 158. 

109. M. Fos te r  (1836--1907),  A Textbook of Physiology (London :  Mac-  
m i l l a n ,  1878), p. 358. ( l s t  ed., 1877). 
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In  the four th  edition of Foster 's  Textbook (1884) ,  he quoted 
the same figures (wi th  Moleschott 's proteids corrected) ,  but  
under  the headings  "Public diet (Moleschot t )"  and '~Ranke. ''11° 
In  the fifth edition (1891)  reference was made  simply to diets 
'A' and q3,' with diet 'A' the same as Ranke 's  s tandard.  In  each 
case the energy value in calories had  been calculated. 111 

Despite the growing emphasis ,  at the turn of the century,  on 
the energy value and minera l  content,  as well as the protein 
value, of diets, Moleschott 's  figures were still referred to by 
workers in m a n y  countries. In  the United States, W. Gi lman 
Thompson ,  in his Practical Dietetics of 1896, quoted Moleschott 's 
s tandard  in compar ison  with those of Pet tenkofer  ( 1819 -1901)  
and Volt ( 1831 -1908) ,  Ranke,  Playfair ,  Foster, Landois ( 1 8 3 7 -  
1902),  and Dujardin-Beaumetz  (1833 -1895) ,  112 as well as refer- 
r ing to the quant i ty  of "'dry food" (23oz) advocated by Moleschott. 
This informat ion  was given in conjunct ion with advice f rom 
Letheby and Pavy. n3 The F r e n c h m a n  Cathel ineau and Lebras- 
seur, in Hygiene et r~gimes alimentaires of 1897, worked f rom the 
ration d'entretien of Volt and Pettenkofer ,  ~4 Moleschott 's  figures 
being given as a s tandard  of compar ison  for  soldiers" diets. ~ 
Reference has  already been made  to the inclusion of Moleschott 's 
figures in the table of s tandards  given in the 1933 edition (9 th )  
of Hutchinson 's  Food and the Principles of Dietetics. The table 
appears  in the first n ine  editions of the work and includes the 
s tandards  of Rubner  and Atwater,  ~e the leading workers in the 
field of h u m a n  energy metabol ism.  In  the 1930s this type of 
table disappeared,  taking Moleschott 's  figures with it. The 
modern  approach  was developing. A number  of nat ional  stan- 
dards  were put  forward,  ~7 and in the mid-thirties the League 
of Nat ions  a t tempted  to collect in format ion  on nutr i t ional  
conditions in m a n y  countries and formula ted  a general average 
s tandard  in te rms of energy, protein,  calcium, and iron, pub- 

110. 
111. 
112. 

to Diet 
113. 
114. 

(Paris:  
115. 
116. 
117. 

Foster ,  Physiology, 4th ed. (1884), p. 446. 
Foster ,  Physiology, 5th ed. (1891), II ,  833. 
W. Gi lman  Thompson ,  Practical Dietetics: wi th  Special Reference 
in Disease (New York: Appleton & Co., 1896), p. 264. 
Ibid.,  p. 269. 
H. Cathelineau and A. Lebrasseur ,  Hygiene et rdgimes alimentaires 
Rueff & Cie, 1897), p. 131. 
Ibid., p. 173. 
Max Ru bne r  (1854-1932),  W. O. At'water (1844-1907). 
Examples  are the Report  of the Commit tee  on  Nut r i t ion  of the 

Bri t ish Medical Associat ion and  H. K. Stiebling's  figures (U.S. D e p a r t m e n t  
of  Agricul ture,  Miscel laneous Publ ica t ion no. 183), both  publ i shed  in  1933; 
also the Canad ian  Council  on Nut r i t ion ' s  figures of 1939. 
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l ishing reports  in 1936 and 1938.118 The impac t  of the Second 
World War ,  together with rapid advances  in nutr i t ional  knowl- 
edge led the U.S. Food and Nutr i t ion Board to prepare ,  in 
1941,119 a careful ly  considered s tandard  of dietary al lowances 
built  up f rom the specialized knowledge of m a n y  experts  and 
providing a s tandard  in te rms of calories, protein,  minerals ,  and 
v i tamins  for groups of the populat ion according to age, sex, and 
activity. This "expert  commit tee"approach  is the one now 
favored for the prepara t ion  of na t ional  and in ternat ional  dietary 
s tandards.  However,  it was not  until the first report  of the United 
Nat ions  Food and Agriculture Organizat ion on Calorie Require- 
men t s ,  12° published in 1950, that  a generally accepted s tandard  
was once more  related to the body-weight of a reference  m a n  
( a n d  reference w o m a n ) .  

When  judging the impor tance  of Moleschott 's  s tandard  it is 
apparen t  f rom the lack of both  contemporary  and later  c o m m e n t  
that  the significance of his method  of calculat ion was overlooked. 
Nor  can  the n u m b e r  and long sequence of references  to his 
figures be taken as a measure  of their influence for, as we have  
seen, they were quoted uncritically,  of ten inaccurately,  and 
usually without  any  reference to the f u n d a m e n t a l  basis that  
Moleschott  h imsel f  had  laid down-- i . e . ,  the relat ion of food 
intake to the uni t  of body-weight and unit  of time. Nevertheless,  
the s tandard  was impor tan t  for it was  presented by a recognized 
authori ty  at a t ime when  the changing att i tude toward quanti- 
fication with respect  to the heal th  of the public T M  permit ted  the 
acceptance  of a quantified dietary standard.  I t  provided a guide 
and a first stone for the foundat ion  on which are formula ted  the 
nutr i t ional  needs of the world's populat ion today. 

118. League of Nations,  Report of the Technica l  Commiss ion  on Nutri-  
t.ion, Quarterly Bulletin of the Health Organization, 5 (1936), 391-570; 7 
(1938), 460--502. 

119. U.S. Nat ional  Research Council,  Recommended Dietary Allowances 
(Washington ,  D.C.: Nat ional  Academy of Sciences, 1943). 

120. Uni ted Nations,  Food and  Agricul ture Organization,  Calorie Re- 
quirements, F.A.O. Nutr i t ional  Studies, no. 5, 1950. 

121. This  subject  has  been discussed by G. Rosen, "Problems in  the 
Applicat ion of Statistical Analysis  to to Questions of Heal th,"  Bulletin of 
the History of Medicine, 29 (1955), 27--45, and  R. H. Shryock, "The History 
of Quantif icat ion in  Medicine," Isis, 52 (1961), 215-237. 

273 


