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The last ten years have seen the publication of many stimulating works on the history of nutrition topic, which have shown how nutrition science developed new quantitative ways of framing food consumption, in order to make food "politically legible", and transformed the "ethics of hunger" by giving it a "new and technical" form. [START_REF] Cullather | The Foreign Policy of the Calorie[END_REF] Most of these works have thus shown how the "scientificisation" of food must be conceived as a complex, contested and far-reaching biopolitical enterprise, which played a central role in the broad reconfiguration of political and welfare systems. [START_REF] Treitel | Eating Nature in Modern Germany: Food, Agriculture, and Environment, c.1870 to 2000[END_REF] Yet, most of these works start their histories around 1890 and the works of Atwater on the calorie. [START_REF] Recet Work On | Nutrition as a Social Question: 1835-1905[END_REF] Most histories of nutrition have indeed focused on the turn of the twentieth century, and on the rise of the calorie as the matrix of a thermodynamic paradigm conceiving of food as mere fuel for the "human motor". [START_REF] Rabinbach | The Human Motor: Energy, Fatigue, and the Origins of Modernity[END_REF] Alternatively, there is an older stream of works which has studied the various debates between scientists around the "true" nutritive material, and the reference is undoubtedly Kenneth Carpenter's work, in particular his book Protein and Energy. The merits of Carpenter's work, among others, is to outline the various debates between scientists as to what should actually be measured. but I'm more interested in how these scientific discussions are "translated" for a broader audience, in political or more mundane discussions.

The aim of my project is to show that, in fact; nitrogen quantification played a fundamental role in the second half of the nineteenth century in making nutrition a technical and chemical process which could be rendered in terms of inputs and outputs. I hope to demonstrate in the course of this talk, and more broadly in my research project that the nineteenth century was indeed marked by attempts at rationalising nutrition around a few quantifiable units, and that this project revolved around nitrogen. This research, as I said earlier began with a focus on agriculture and fertilizers. In previous works I tried to show how nitrogen was gradually constructed in agronomy as the key element in plant nutrition. But then I was struck by the fact that all the major scientists who wrote about plant nutrition in the late 1830s and early 1840s (Boussingault, Liebig, Lawes) were also interested in "animal" nutrition, and they were as keen to find an index of nutrition for animals as for plants, and that in fact they also relied on nitrogen content for this, and in fact their research in animal nutrition often predated their on plant nutrition. So this led me to this set of tables by the french chemist Jean Baptiste Boussingault who published in 1836 what to my knowledge is the first time that aliments for cattle were ranked numerically according to their chemical composition. 5 What is interesting in Boussingault's tables is that they were not based on experiemental research on feeding animals, but they were deduced from an initial premise : "we admit that the nutritive properties of fodder resides in the nitrogenous substance that it contains and their nutritive value is proportional to their nitrogen content". So where did this premise come from? Boussingault's idea was itself based upon the idea that "a vegetal substance is all the more nourishing as it contains a higher proportion of animalised principles". So one sees here that vegetal and animal are not two separate realms but that it's a continuum : some vegetal substances are poorly animalised, while some others contain a high proportion of animal principles. The more animal principles there is, the more nourishing it is because it's more likely to be transformed into flesh and muscle.

It's useful to briefly here refer to late 18 th research primarily by French chemists (Fourcroy, Vauquelin, Berthollet, etc.) who were interested in the "animal economy", and they found that what characterised animal substances was their proportion of nitrogen. Nutrition was conceived as a process of "animalisation", of converting vegetal substances into animal ones. As we'll see, the conception of nutrition upon which this whole nitrogen paradigm relied was that nutrition was NOT like providing fuel to a steam engine. Nutrition was about building the machine and repairing its waste. And what built and repaired the machine, it came to be argued at the turn of the 19 th century, was nitrogen.

As one English chemistry book for children put it in 1807, Nitrogen "seems to be the substance which nature employs in converting vegetables to animal substances and to be the grand agent of animaliaation"6 , incidentally showing how this question started to be discussed in England and not just among scientists but in wider society from very early on. The source of this nitrogen, some thought that it came from the atmosphere, but François Magendie's research in 1816 showed dogs fed only with sugar and oil died quite quickly, so that this nitrogen must come from food, and so nitrogen content must be proxy to their nutritive value 7 .

Readers of The Magazine of Domestic Economy could for example read in 1827 that "It will be known to many readers, that vegetable substances consist for the most part of three elementary ingredients -oxygen, hydrogen, and carbon : and that animal substances, in general, contain nitrogen in addition to these. Now those vegetables which contain nitrogen, of necessity assimilate more nearly to animal substances, and might be expected, beforehand, to be more nutritious (…)" 8 . So when Boussingault published his article in 1836, the principle upon he based his tables was long established, but the methods of analysis still had to be perfected until they could be made more systematic. But from the late 1830s, the principle was basically agreed upon and applied to both animal and human nutrition, and publicised in particular by Justus von Liebig who did not really discover any of this but had a particular talent for finding earcatching formulas, and for publicising them in books but also by training students at Giessen who then went on to spread his ideas. In his 1842 book Animal Chemistry Liebig put labels on these questions : he wrote that there were two classes of alimentary substances : Nitrogenised / Formation of blood and tissue / Plastic / Flesh-Formers Non-nitrogenised / Support the process of respiration / Respiratory / Heat-Givers There were two types of substance, but it was only the nitrogenized that interevened in the process "nutrition, strictly so called" which was only about building and the repairing of the body, but this also involved muscular activity; On the other hand, the other non-nitrogenized / carbonaceaous principles were there simply to maintain the heat of the body and were hence clearly of much lesser importance.

And we find that all the major treatises in the 1840s incorportate this new vocabulary of plastic and respiratory / flesh formers and heat givers but also tabular assessments of the nutritive value of various substances based upon their percentage of nitrogen.

Medical treatises had up until then be mostly focused on the different qualities of ingredients, but also their texture, and most importantly their digestibilty. Wise eating was first and foremost about avoiding disorders rather than maximising nutritional value. But "by enabling the regular practitioner to found his directions for diet in some measure on a scientific basis," this new way of framing food was deemed of eminent practical value to devise dietaries. 9 So we can see that from the early 1840s, scientists had already developed a metric of nutrition, and this may be seen in the work of the better known scientists, Boussingault, Liebig, but also in a variety of more ordinary medical treatises: my main interest in this work is to trace how this new way of measuring and framing nutrition quickly escaped the lab and informed a variety of discussions and debates.

As for human feeding, one finds that qui early on, nitrogenometrics are used to frame various dietaries and allows for a quantitative comparison between previously incommensurate items, say 1 lb of potatoes, compared with 1 lb of wheat. I'm not saying that dietaries became informed by science only, Nadja Durbach in her recent book Many Mouths has shown very well the limits of the ability of the State to formulate scientific food programmes. 10 To be sure, scientifically-informed dietaries was clearly part of a wider discussion and were contested as we'll see. But still, the science finds practical applications. For example, the treatise by Dr Pereira published in 1843 was the first of its kinds to include a chapter on Dietaries, which he justified thus : "the chapter on Dietaries, has been rendered necessary by the discussions which have been going on, for many months past, in the public journals and elsewhere, respecting the amount of food proper to be supplied to paupers, prisoners and others. The subjects in this way forced itself on the attention of all grades of society". In prisons, in a context of rising concern about the health of prisoners, measuring and comparing the nutritional content of various dietaries held the promise of basing these on "fixed principles" and rules rather than on "the mere fancies of the justices and magistrates of the different districts" 11 . There were analyses, first conducted in 1848 by a Scottish doctor Robert Christison to analyse the dietaries of Scottish jails which continued into the 1850s 12 , and the indicator that was used to compare various diets and to assess whether they were satisfactory or not was their nitrogen content 13 . This may be seen in workhouses as well : The 1830s had seen a move to standardize dietaries in the workhouse so as to ensure that they were as cheap as possible and not superior to those of ordinary laborers" 14 . As Durbach has written, "Food was a central component of the attempt to standardiae the system of relief and ensure that the workhouse deterred all but the destitute". 15 And in 1836 the Poor Law Commission devised six diets for workhouse inmates, one of which was to be chosen by each Poor Law Union depending on its local circumstances. Yet, there was no yardtsick to asses whether these diets were indeed adequate in fulfilling their aims of being both sufficient and deterring. 16 Yet these dietaries came to be increasingly criticiaed, in Oliver Twist, and especially the Andover workhouse scandal in 1845. 17 which exposed, for many, "the barbarity of the Poor-law dietary", and called for reform, and in particular for more attention to be paid to the nitrogenous content of these foods. In 1846 for example, there was an inquiry into the St Pancras workhouse after a young woman committed suicide rather than returning to the workhouse. During the inquiry, the surgeon to the parish argued that the dietary should be amended because "there was not sufficient nitrogenous matter in their food to support a state of health". 18 After 1847, the new Poor Law Board issued a General Dietary Order and the previous 6 menus were scrapped and unions were given more leeway in arranging their dietaries, yes, and this is the important point, all the menus and modifications had to be sent to London for approval 19 . An investigation was launched by dr Lyon Playfair, who had been a student of Liebig at Giessen, and measured the nutritional content of the dietaries of 529 unions to draw an average of nitrogenous materials so that proposed dietaries and subsequent modifications had to conform to a minimum of nitrogen intake.

Apart from playing an increasingly important -if always contested -role in standardizing dietaries, the new metrics of nutrition could also be used to educate consumers.

-It was hoped that this new nutritional grammar could solve some of the evils brought about by the "artificial palate" which the global / industrial food system stimulated, and could guide consumers in making more rational alimentary decisions. "We believe, with Dr. Thomson, that on this consideration depend the true laws of dieting, a subject of so much the greater interest in an artificial state of society, where the food is too frequently concocted to minister to the palate instead of to the condition of the waste of the system." 20 It was important that ordinary citizens "learnt the nature and composition of food", so as to enable the discoveries in the science of dietetics to be applied to the well-being of the human race". 21 This was thus spread in many guidebooks and manuals of domestic economy, but also in talks and exhibitions, in particular at the South Kensington Museum. The South Kensignton museum was created in the mid 1850s in order to educate the British working class as consumers" and correct "tasteless consumption". 22 and the Museum included a "Food Collection which was said to be "the museum's most popular exhibit" of the museum which drew around 1 M visitors every year in the 1860s 23 . The main purpose of the Food Collection, originally curated by Lyon Playfair, was "to instruct the public as to what it is cheapest and best for them to eat". 24 What is particularly interesting about the museum, is that in order to achieve its objective of educating consumers, collections were devised "with the express object of visually "representing the chemical composition" of food. The most striking feature of the Food Collection was its attempt to combine "visual teaching" with an analytical approach to render manifest "the separate substances" of which food items were composed.

The public was therefore presented with various cases -about potatoes, wheat, etc-for example was accompanied by a label which contained information on its chemical composition. More importantly, the cases attempted to display and illustrate the chemical composition of various food items, not through graphs or statistical tables, but by dividing one lb of, say, wheat into "so much flesh-forming materials (represented by egg albumen), so much water, fat, sugar, gum, starch, etc., so that the eye could at once observe the quantities" of those chemical constituents. 25 The Museum was thus a very innovative attempt at devising visual representations of food chemistry so as to instil in the visitors a sense of how one could measure food.

Contestations

The Lancet in 1846 marvelled at "the novel suggestion, that by experiment we should determine the amount of matter removed from the system… and that a true plan of dieting should be founded on such knowledge", instead of being "left to mere instinct", Yet, this new way of framing nutrition was not met with unanimity : The famous Dr John Snow was doubtful abot the claims of the new science, arguing that 26 " organic chemistry would have to be much further advanced than it is at present, before it would be safe to follow it, in giving directions on diet, instead of being guided by experience."

There were thus several voices arguing that "percentages of nitrogen afford no nutritive standard", not necessarily out of outdated forms of vitalism or refusal of the modern methods of science, but because they felt that this new form of knowledge was too reductionist and left out of its purview many important variables (other important nutrients, the question of the actual assimilation of aliments, cultural preferences, individual conditions, etc.). 27 George Henry Lewes, in his Physiology of Common Life for example argued : "nitrogenous food is not the exclusively plastic food, and percentages of nitrogen afford no nutritive standard ...-Chemistry is incompetent to solve the problem of Food"28 . Lewes is interesting because, apart from being George Eliot's partner, he was an autodidact, had been a literary critic and who started to publish widely circulated physiology and science books in the 1850s, and Lewes's critique may be seen as a protest against the epistemic imperialism of chemists who had been specifically trained. Lewes defended a conception of nutrition that paid more attention to the individuality of the patient rather than to the abstract figures used by chemistry : "Every individual organism is specifically different from every other" and we need to fix "our attention on the organism to be nourished, rather than on the chemical composition of the substances which nourish it". One could mention many other examples of critics for whom the new science of dietetics was threatening the other forms of expertise of the "man on the spot", whether he or she was a cook, a Guardian of the Poor, a doctor, a colonial administrator who had a more hands-on knowledge of bodies, aliments, local tastes and idiosyncrasies. One may also mention the case of Florence Nightingale who did consult chemists in her work on army reforms, yet was also quite disparaging of the claims that diets could be reduced to tables of "dietetic substances", and insisted on the importance of "careful observation at the bedside". 29 But the major blow that nitrogen quantification had to face came from an altogether different direction, and it came in the 1860s from scientists who did think that inputs and outputs could be measured advantageously, but simply that nitrogen should not be considered as the only important food substance to be measured. As seen before, until then the prevailing idea had been that food was converted into muscle and that then muscles went through oxidation releasing energy, and this was why nitrogen was considered the only "nutritive" substance, since it "formed flesh" which was decomposed during muscular activity. As Playfair put it : "the source of dynamical power in the animal" depends upon "the transformation of the tissues" which only nitrogenous substances can build and repair the waste of 30 . This meant that food intake was to obviously vary with physical activity, but what needed to vary was the proportion of nitrogenous substances.

But then in the mid 1860s, a series of experiments seriously questioned that idea. I won't go into the detail as these have been covered by historians of science but to sum up, a series of experiments by Smith and Frankland in England, and Fick & Wislicenus in Switzerland (they climbed the Mount Faulhorn) showed that in fact fats and carbohydrates provided the staple fuels for the muscles. As Frankland put it in 1866 : "force necessary for great muscular work can be obtained by the muscles from fat and starch". 31 These discoveries had very important practical consequences. If Frankland and Smith were right, this meant that increased physical activity only required increased consumption of fats and carbohydrates, which were of course much cheaper. Now these experiments which go on in 1865 / 66 coincide with rising concern in Britain over the rising cost of meat, in particular due to an epidemic of cattle plague. These experiments conducted in the 1860s laid the groundwork for a new thermodynamic conception of nutrition which centered on the calorie and not on nitrogen, and historians of science have argued that by 1870, "the matter had been settled" and that "most of the beliefs held at the beginnings of the 1840s had disintegrated".

Nonetheless, I would argue that in fact, nitrogen-content remained a very common yardstick of nutritive value at the turn of the twentieth century, even after the advent of the calorie 32 .

RESILIENCE

In a Domestic dictionary from the 1880s 33 , for example, one may read about carrots that they are "not particularly nourishing, for it requires two pounds of carrots to produce one ounce of the nitrogenous substance of muscle and flesh" 34 . In an 1895 textbook for students of cookery, one can read that "when extra work has to be done, the quantity of nitrogenous food taken must be increased in proportion, and that to a greater extent than with the other classes of food-stuffs" 35 , while Mrs Beetons' Book of Household Management often remarked on the nitrogenous constituents of various aliments, and contained advice on how to buy cheap nitrogen, telling consumers the amount of nitrogen that one shilling could buy if you bought cheese or rumpsteack or beans.

This resilience of nitrogen depended on a view of nutrition whose main function was not so much providing energy but "repairing body waste" 36 . And it is interesting to see that the new Frankland / thermodynamic / calorie-centered paradigm encounters a lot of resistance because there's a lot of reluctance to consider that bodies are steam engines. For example, the popular writer Matieu Williams reviewed these questions in 1885 explicitely denied the steam engine analogy, arguing :

"My readers, therefore, need not be ashamed of clinging to the old-fashioned belief that their own bodies are alive throughout, and perform all the operations of working, feeling, thinking, etc., by virtue of their own inherent, self-contained vitality, and that in doing this they consume their own substance, which has to be perpetually replaced by new material, the quality of which depends upon the manner of working, and the matter and manner of replacement. We may thus, according to our own daily conduct, be building up a better body and a better mind." 37 32 this earlier focus on nitrogen had an important impact and legacy. In 1898, for example, an italian doctor who wanted to promote brown bread vs white bread made elaborate calculations to asses the amount of nitrogen that you could buy with one French franc : so you would need to spend 36 French cents to buy 100 grams of albumin but you would need to spend twice as more (78 cents) to get the same amount of albumin in white bread. Clearly, 33 Attention, première edition de 1869. 34 Cassell's dictionary: an encyclopaedia for the household, p. 236. 35 Par example James Knight, F ood and its functions; a text-book for students of cookery . (ranger) London: Blackie, 1895.

(vii, 282) 36 "The purity of bread", The Lancet, 19 November 1904. 37 Mattieu Williams, "The Chemistry of Cookery", Popular Science Monthly, vol. 26, April 1885, pp. 819-826.

(controverse Pavy / Playfair : is the body a steam engine).

Issues of race and national character were important : the idea that diet was an important factor in "the formation of national character" and strength had made much use of the new chemical analysis. 38 what nitrogenometrics offered was a scientific rationale to the alleged superiority of the high protein diet of the wheat-meat eating English as opposed to the potato-eating Irish or the rice-eating Indian : In 1857, Dr Letheby argued that the lethargy and disease of Indians and the Irish were due to the low nitrogen content of their diet and this was an argument that was frequently made at least until WWI. 39 The question remained paramount in the 1900s especially after the Yale scientist Dr Chittenden argued in 1904, in a book called Physiological Economy in Nutrition (1904), not only that nitrogen needs did not increase with activity but that necessary quantities had so far been grossly overestimated : for example the prevailing standards for protein ingestion were 125grs of protein daily, this was the Atwater standard that had been used for example by Rowntree when devising his poverty line in 1901. But Chittenden says this widely exaggerated and one can live a healthy with less than half that amount (50 to 55 grams) -which by the way is what modern science recommends.

Interestingly, Chittenden's ideas were widely discussed in Britain, some people thought that it could lead to savings in food expenditure, especially by the working class, it could even lead to reconsider the poverty line and the amount of people living in poverty in Britain. But there was also considerable resistance to accepting lower lewels of nitrogen / protein intake : when doctors discussed the manutrition and the physical degeneracy of the English working class in the 1900s, the culprits are white bread and jam, so mostly they're blaming "empty calories". For example, Dr Pritchard, who was an influential figure in the infant mortality movement and was very opposed to the use of infant formulas which he called "infant exterminators" argued '"I like in fact to see what I know to be a nitrogenous baby" 'We have been taught in this country . . . to think imperially. If our mothers could only be taught to think nitrogenously of infants, what an imperial asset this would be for the empire.". 40 One sees in fact in the 1900s is a reversal of positions, while in the mid-19Th c., laboratory science had been used to justify the importance of high levels of nitrogenous intake, now we find that those who clung to the high protein standards emphasized the importance of accumulated experience, and "instinctive nutritional demands" "embodied in old-time traditions and customs". 41 "I think we are too apt to rely upon isolated experiments as against prolonged experience. The British inhabitants of these islands have for many hundred years been large meat eaters. So for example, the BMJ in 1909 argued that adopting Chittenden's standard, especially in the army, where this has been discussed, would be unsafe and "We do not think, however, that it has been proved that a diet containing proteid in a much smaller proportion than that of 100 grams a day for an adult of 70 kilograms, is permanently beneficial either to the individual or to the race, and especially for those whose occupations require considerable muscular exertion. It appears, on the contrary, from the evidence at present at our disposal, that such a permanent reduction is not without possible danger to the virility of the nation". 43

CONCLUSION

So nutritional intake came to be routinely measured from the 1840s and helped standardize both foods and consumers : while preexisting dietetic advice rested on individualized forms of expertise,here both bodies and foods could be measured with a single standard, making them commensurable, interchangeable, and in some ways standardized.

Nutritional calculations could be used to make sense of new or distant or highly processed food items, but more importantly it allowed a precise measurement of outputs vs inputs, in which nature was conceptualized as "manufactory of the raw material of the animal structure", and which could measure inputs and outputs not only in nutritional terms but also in financial terms to rationalise the "animal economy". 44 It thus laid the groundwork for later quantitative assessments of food intake and continued to be used even when thermodynamic / human motor conceptions of nutrition started to appear. In any case, what I hope, what I've tried to show today, the new science of nutrition as formulated during the 1840s quickly escaped from the narrow confines of the lab and that the "social life" of dietetics did exist in the nineteenth century and was entangled with wider economic, social and political changes.
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