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This article analyses how gluten was discussed by chemists in the nineteenth century in Great Britain and France as a proxy for both nutritive and baking quality. It examines the way gluten featured in the broader quest to measure and render the quality of wheat and flour through a set of objective and quantifiable criteria. The paper also shows how measuring quality proved to be an extremely complex task, and how chemistry was, by itself, unable to reduce the complexity of the wheat grain, and the various demands made upon it, to a simple numerical indicator.

Gluten is in the limelight today. 1 An increasing number of people avoid it because of its alleged role in causing celiac disease as well as many other food-related disorders. Estimates indicate that more than 3 million people in the US are now following a gluten-free diet. 2 Meanwhile, many scientists 5 The history of nutrition science is attracting widespread interest at the moment but important works include Kenneth Carpenter,

and doctors counter that the prevalence of celiac disease is much exaggerated and that most of the gluten-free adepts are merely following a food fad, one with possible detrimental health effects. 3 How different the situation was in the nineteenth century: gluten was also very often discussed but was almost always praised as "the whole life and soul of the bread", imparting strength to the bread but also to its consumer. 4 The history of gluten in fact sheds interesting light on a wider discussion which took place in the nineteenth century and which had to do with the measurement of quality, and in particular the quality of the staple food of many European countries, i. e. wheat. This article thus places itself at the intersection of two historiographical trends. The first of these is the history of chemistry and nutrition science, which has shown how, from the late eighteenth century, many scientists discussed how to measure the nutritive quality of various food items, in a bid to make feeding more rational and efficient. 5 The history of nutrition science is, like that of any other science, a story of controversies, competing claims and paradigms yet one trend is undeniable, the rise of quantification, and the article will show how gluten figured prominently in this trajectory. The second strand of investigation is that of the evolution of the wheat grain chain in the nineteenth century and, more precisely, the various attempts at formalizing quality. The seminal works of William Cronon and Aashish Velkar, in particular, have shown how the growth of a global wheat market required devising new metrological tools to facilitate inter-state and international transactions. 6 What they have also shown is how these attempts at finding reliable selling and grading standards were often controversial, almost always context-dependent, and the quest to devise a set of objective, numerical and standardised set of "quality attributes" not realised before WWI at least. Yet, what is not entirely clear is how chemistry featured in these discussions. If, as Velkar has argued, "an increased understanding of the chemistry of wheat and advances in testing increased the sophistication of quality assessment techniques", how exactly did chemistry intend to participate in the measurement of quality, and were its objectives fully realised? 7 By looking at two countries in particular, France and Great Britain, the paper will show how gluten featured in discussions about the measurement of the nutritive and baking qualities of wheat and flour. It will study how chemists, in particular, promoted the quantification of gluten as an index of quality that could possibly be used in commercial transactions. The paper also shows, however, how the quest for an objective indicator proved more difficult than expected and how the attempt at reducing quality to one criterion proved unable to deal with the complexity of wheat and the various demands made upon it.

Gluten : the true nutritive material?

Gluten was first identified by the Italian chemist Jacopo Bartolomeo Beccari, who presented his findings in 1728 at the Bologna Institute. He showed how washing a dough in pure water left an insoluble glutinous residue, which was characteristic of wheat flour. Through his procedure, Beccari identified two basic substances contained in flour, the soluble "amylaceous" part (starch) and the insoluble, "glutinous", part (gluten). [START_REF] Borghi | Storia della scoperta e dei primi studi sul glutine: Jacopo Bartolomeo Beccari (1682-1766) et il saggio 'De frumento[END_REF] Beccari located the former substance within the "vegetal" realm and the latter within the "animal" one. What distinguished animal from vegetal substances was not their origin, but the way they decomposed: vegetable substances fermented while animal parts putrefied, just like meat. A few years later, in a doctoral dissertation presented at Strasburg in 1759, the physician Johannes Kesselmeyer argued that the glutinous matter of wheat was the "truly nourishing part of bread". [START_REF] This | Who discovered the gluten and who discovered its production by lixiviation?[END_REF] If Beccari had merely emphasised the existence of two substances, one vegetal one animal, Kesselmeyer was in no doubt that it was gluten, the animal substance, which contained the "main nutritive qualities" of wheat and was the reason for its superiority over all other cereals. Gluten could be used as the way to quantify the quality of wheat, as the glutinous substance was to be found "in constant proportions for flours of the same quality" while "its quantity decreased if the wheat (was) of lower quality". [START_REF] Kesselmeyer | Dissertatio inauguralis medica de Quorumdam vegetabilium Principio Nutriente[END_REF] As Emma Spary and Rebecca Earle have shown, food riots due to high bread prices in the second half of the eighteenth century prompted scientists to attempt to better understand what constituted "alimentary principles" and research on gluten stood at the forefront of the "Enlightenment's attempt to unravel the science of nutrition". [START_REF] Spary | The Political Economy of Nutrition in the Eighteenth Century[END_REF] The discovery of gluten in particular provided a new rational basis to explain the superiority of wheat compared to other staples, and the substance was endowed with various virtues. Tissot ascribed the "superiority" of wheat over all other types of grain to its large proportion of gluten. Other staples, such as maize or potatoes could produce muscular bodies, but only wheat and its nourishing principle, gluten, could make possible the intellectual prowesses produced by Europe. [START_REF] Tissot | Lettre à M. Hirzel, sur le blé et le pain[END_REF] The presence of an "animal" substance contained in vegetal food vindicated the superiority of wheat which was seen as the perfect alliance of the animal and vegetable kingdoms, fit for omnivorous human. Consensus on the question was not complete, however, and some scholars argued that the focus of the "gluten extremists" on one substance was unduly restrictive, while others altogether dismissed the importance of gluten in nutrition. The most famous opponent was the French chemist Parmentier who, in his quest to promote the use of the potato and of potato bread in particular, argued that the true nutritive substance was starch, not gluten. Yet Parmentier's downplaying of gluten was clearly opposed to "the mainstream of French alimentary chemistry" which, overall, maintained the superiority of gluten over other substances. 13 Both in England and in France, the quantity of gluten came to be considered as the index of the nutritive qualities of bread. 14 Even if they were rarely conclusive, gluten analyses were thus conducted to try and settle the controversial question of what type of bread (white, wholemeal, etc.) was the most nourishing: in 1800, for example, when a House of Commons Committee inquired into the question, the naval physician consulted considered that the quantification of "the glutinous matter" provided the most useful proxy to measure and rank the nutritional merits of different breads. 15 In the nineteenth century, gluten kept on being considered as the best proxy for both nutritional qualities. The French chemist Gay-Lussac for example declared in 1828 that of the two substances contained in wheat, gluten and starch, only the former, was "essential to nutrition": "Starch is much less nutritive than meat and could not be used for long as the sole source of nourishment, but as bread contains starch but also gluten, it is all the more nourishing as it contains more glutinous substances". 16 In its 1841 report, the famous Gelatine Commission headed by Magendie, which fed dogs with various alimentary substances for three months, found gluten to be the only "alimentary substance" that could be taken in isolation without eventually resulting in ill-health or death: gluten was the only "immediate principle" that could "sustain life" and "nourish perfectly and for a long time". 17 The period may even be said to have gone through a "gluten craze", as chemists and inventors tried to devise pure or concentrated gluten foods, such as Apollinaire Bouchardat's "gluten bread" (1841). 18 Bouchardat's bread was especially recommended for people with diabetes, but the early 1850s witnessed other inventions of patent gluten foods that were meant to be consumed by everybody, such as the Veron brother's "granulated gluten" in France or "Bullock's semola" in Great Britain, which was branded as "the most nutritious substance ever used". 19 Just like the late eighteenth century, the mid-nineteenth century was marked by an acute interest paid to questions of nutrition and the principles which could guide a more rational organization of the "animal economy". In the turbulent context of the 1840s, marked especially by rising concern and disturbances over food prices and availability, French and British chemists' efforts to devise an index of "nutritious quality" may thus be interpreted as an attempt to manage more rationally the inputs and outputs of all "living machines". 20 Now, if gluten was considered as a "pure nutritive" substance, it was because until late in the nineteenth century, nutrition science relied not on a thermodynamic paradigm (as the later, calorie-centered, "human motor" model would) but on the question of "flesh-forming" principles (proteins) measured in terms of inputs and outputs of nitrogenous substances, of which gluten was one. Starting in the 1840s, alimentary substances came indeed to be measured according to their contents in nitrogenous substances (the so-called plastic or "animal" substances) and non-nitrogenous substances (the respiratory or "vegetal" substances) yet only the former were considered as being really "nutritive", i. e. "flesh forming". Animal-cumvegetal nitrogenous substances like gluten stood at the intersection of the two realms and were thus fundamental in the "ceaseless routine" of nature and the "constant succession of animal and vegetable beings": they were the means by which seeds and plants could be transformed into "animal muscle". 21 Gluten, in other words, was akin to vegetal meat. Some chemists even tried to quantify the "meatequivalent" of different types of bread. In 1853, Jules Reiset calculated the protein-intake of a French peasant consuming 9 kg of bread every week and found that the use of a wheat variety with a high nitrogen content, as compared with the use of a variety with a lower gluten content, was equivalent to an additional 1.715 kg of meat weekly. 22 A few years later, Lailler, who was a pharmacist in a lunatic asylum, similarly attempted to illustrate the difference between various flours by quantifying their "meat-equivalence": elucidating the respective gluten and nitrogen contents of two types of flour, he argued that eating a kilogramme of bread made with the more glutinous one was akin to eating an additional 100 grammes of beef. 23 Lailler went on to argue that there should be a legal minimum of gluten content, not only in hospitals, armies and institutions, but for private consumers as well; he suggested that public health inspectors should be charged with analyzing the flours in bakeries to check their gluten content, and that any flour which contained too low a quantity of "good gluten" should be prohibited. 24 Given the importance attributed to gluten in the determination of nutritiousness and quality, it came to be regularly mentioned in debates about the respective merits of brown and white bread which developed in the second half of the nineteenth century, when advocates of wholewheat bread and opponents of modern milling methods often based their criticisms of white bread on its lower gluten and nitrogen content. 25 In an 1868 pamphlet entitled The Bread of the People. Alimentary hygiene against degeneration, the author, a F. Arger, linked the alleged physical degeneracy of the French population with the spread of modern milling methods which, he argued, "broke" the gluten and made it lose its "strength" [START_REF] Arger | Le Pain du Peuple: Hygiene Alimentaire contre la Degenerescence[END_REF] . In return, most chemists tended to defend white bread which, they argued, contained as much gluten as wholewheat bread and claimed that the proteins contained in the former were more easily assimilated. [START_REF]Rapport de M. Aimé Girard sur la valeur alimentaire des pains provenant de farines blutées à des taux d'extraction différents[END_REF] In the end, neither side could claim the superiority of their product by focusing on gluten alone, and the debate tended to move on to other elements such as phosphorus and "accessory food factors" (i. e. vitamins), but the point is that gluten figured rather prominently in these debates in the nineteenth century, illustrating how it was for long seen as the primary nutritive element in bread.

Measuring quality

If gluten was thus valued for its nutritional qualities, most chemists drew the conclusion that it could be used to assess and quantify the quality of wheat, and that this could and should be used in commercial transactions. Analyses of gluten started to be conducted to detect if flour had not in fact been eked out with inferior products or bran and to ascertain if flour had been properly stored. [START_REF] Henry | Mélanges de farines de froment et de fécule de pomme de terre[END_REF] But more importantly, gluten tests could be performed to compare several kinds of flour and wheat. As early as 1807, the British chemist Humphry Davy performed wheat analyses in order to quantify the presence of gluten and starch in several kinds of wheat, and these analyses were read as providing some rough-and-ready guide to setting the cost of different types of wheat. [START_REF]Spring Wheat[END_REF] In France, this type of analysis was commissioned by the army and by the administration in charge of Paris hospitals from the early 1820s in order to rank several types of flour according to their nutritive value. [START_REF] Henry | Examen analytique de deux farines[END_REF] In the 1840s and 1850s, this led to some attempts at quantifying the "real price" of "alimentary substances". [START_REF] Peligot | Sur la composition du blé: Mémoire lu à l'Académie des Sciences, le 5 février 1849[END_REF] One such theoretical attempt was made by the agronomist Gasparin who, using the average price and chemical content of the wheat and potatoes grown around Paris gave a relative price to nitrogenous and carbonaceous substances. He then argued that it was possible to set the relative price of any wheat based on the analysis of these alimentary substances. For example, if a sample of wheat contained 18.5 % of nitrogenous and 81.5 % of carbonaceous substances (compared with an average ratio of 14.3:85.7), its price should be 3% higher than that of "normal wheat" sold in the Halles de Paris. 32 But gluten was not just about nutritive quality and came to be increasingly valued for its rôle in baking quality as well. By the mid 1850s, it was clear that not only was high-gluten flour more nutritive than low-gluten one, but that "flours that are the most adapted to panification are those which contain a firmer, more elastic and more expansive type of gluten". 33 Gluten, in other words, was tightly associated with "strength": the strength which it imparted to the eater, but also the "strength" which it imparted to flour, i.e., its baking quality, its capacity to absorb water and to produce a well-risen loaf. So it seemed natural to some that gluten should be considered in the setting of grain price, as proposed for example by the French chemist Jules Reiset. In 1853, Reiset, who ran a laboratory and a farm in Normandy and would become a député, argued that the current modes of giving a price to wheat, based on its density and visual aspect were in fact very imprecise and poorly appreciated the real qualities of wheat. According to Reiset, the only way to induce farmers to grow the best wheat was to take into account the quantity of gluten, and he gave the example of a wheat variety with 15.5 % gluten which should fetch 25 frs for 100 kgs, while a variety with 9.54 % gluten should be sold only 15fr37. 34 There were indeed many reasons for wanting to find a way of quantitatively registering the quality (both nutritive and for bread-making purposes) of wheat in the second half of the nineteenth century. Until the mid-nineteenth century, wheat was sold on the basis of its natural weight, but transactions also depended very much on the tacit knowledge of millers who assessed commodities by visual and tactile inspection. 35 Yet diminishing transportation costs and rising prices of domestic wheat in the 1850s had led to a wave of importations, especially from America, causing a great increase in the number of varieties, whose physical and nutritional properties were not always known. 36 In France, Great Britain, and elsewhere, the mid-nineteenth century was thus marked by attempts to standardise the grading of wheat's quality to take into account its moisture, its density, its cleanliness, etc., although as we shall see, it proved impossible to devise an objective and "standardised set of attributes (…) to measure quality". 37 The transformation of milling techniques also made it more difficult for bakers to assess the purity and quality of flour by touch alone. 38 Traditionally, one of the main way for a baker to assess the quality of flour was to pass it "under his experienced fingers". Yet, the development of new milling techniques, which produced a more uniform powder, rendered this method of testing less useful and accurate, thus creating the need for new methods and techniques of ascertaing end-quality attributes. 39 Chemistry and gluten analyses also developed with the liberalisation of the trade which occurred in the 1850s and 1860s. 40 The clearest example of this is the creation of the "Paris-Type" of flour in 1863, one year after measures were taken to liberalise the baking trade. 41 Before that, the 32 Gasparin's reasoning was as follows: the price of potatoes is 48% that of wheat. Given the ratio of nitrogenous and carbonaceous in these two items : (14.3/86.7 (sic) for wheat and 9.2 / 90.8 for potatoes), then 14.3x + 86.7 y= 100 & 9.2 x + 90.8 y = 48, with x and y being the relative prices of nitrogenous and carbonaceous substances, so x = 3.52 & y = 0.466, which could then be used to ascertain the relative price of all wheat and potatoes depending on their chemical composition. One notes here that Gasparin made a mistake in his wheat ratio ( four largest millers in Paris sold as "4 brands" their flour or any flour that they vouched for, and the quality of the products was guaranteed by the "honorability" of their names. [START_REF] Tailleur | Commerce des cereales: Type-Paris pour les farines, etude extraite du journal l'Echo agricole[END_REF] Yet, this method was judged unable to assess the quantities of flour that were handled in a market increasingly dependent upon speculation and futures-trading. The creation of the "Paris-type" brand allowed millers around Paris to sell their product as "Paris Type", as long as they conformed to a quality standard. There were several criteria whereby the Commission formalised on a monthly basis the flours seeking certification, but one of the most important one was the quantification of gluten: in order to be accepted as a Paris-type brand, a given flour needed to contain as much gluten as the average of the other brands. With this type of measure, it was hoped the milling trade would be able to develop quality certification techniques that did not depend solely upon the reputation of a given miller, but could be made quantifiable and impersonal. [START_REF] Cochut | Accaparement et spéculation sur les denrées alimentaires: au-delà de la pénurie[END_REF] Not only was the average gluten content of the "Paris Type" and of the leading Paris brands published on a monthly basis in baking and milling journals, but bakers were routinely advised on the procedures which they could follow in order to measure as precisely as possible the gluten content of a flour. If unsure, bakers could have their flours checked at pharmacists or analysts who would perform gluten analyses. [START_REF]See for example "Classement des Farines Huit-Marques[END_REF] Given the added cost of these analyses and the "luxury" type of flour involved in these transactions, it seems that gluten analyses were primarily reserved for the more expensive "white" products, but it must be noted that by the late 19 th century, the white loaf had become almost ubiquitous in Britain, and large cities in France, Paris in particular, were following the same trend. [START_REF] Burnett | Plenty and Want[END_REF] Yet, if consumer's tastes appeared to be increasingly homogenous, this was not the case of the raw material used to manufacture flour and what chemical analysis promised was a way to numerically formalise quality in an ever more complex market, where "the differences in qualities between varieties as well as the consistency of quality in a given variety became crucially important". [START_REF] Velkar | Markets and Measurements in Nineteenth Century Britain[END_REF] Scientists thus argued for the importation of their methods in the assessment of the quality of wheat and flour since "the miller is constantly dealing with a very variable type of raw material. Not only does the quality of wheat vary each year, but also depending upon the place in which it was grown, the time of year in which it was harvested, the care with which it has been stored, etc. and with this ever-changing quality grain, the miller must produce flour which needs to be standardised in composition, granulation, colour, etc. in order to have commercial value. […]". [START_REF] Petit | Les laboratoires d'essai des farines[END_REF] Chemists thus attempted to assert the usefulness of their expertise in a situtation where raw material was increasingly heterogenous while industrial processes and consumer tastes required more predictability and homogeneity. The push of chemists for gluten analyses must also be seen in the wider context of the second half of the 19th century when, as Carolyn Cobbold and Benjamin Cohen have recently shown, rising concerns with adulteration and the use of new chemical additives and processes prompted calls for more stringent food safety controls, and the rise of a new regulatory regime in which food chemists strove to play a central rôle. [START_REF] Benjamin | Pure Adulteration: Cheating on Nature in the Age of Manufactured Food[END_REF] Basing sales on assay?

So, it seemed to some that the time was now ripe for sales "on chemical assay". One M. Guérard-Deslauriers, a civil engineer and member of Caen's Chamber of Commerce argued that in the mercuriales of grain markets, the gluten content of all wheat sold should be indicated, so that bakers could check the quality of the flours that they bought. As Lailler, the pharmacist mentionned earlier, argued: "we may soon reach the stage where, thanks to progress in education and the spread of science, the cultivator will be able to state that the wheat he is selling contains so much gluten, or the miller will be able to say the same thing to the baker, who will find that it is in his interest to know the proportion of this principle in the flour which he is offered". [START_REF] De | Rapports du comite departemental du Calvados sur l'exposition universelle de 1867 a[END_REF] Even in the laboratories of Paris or Rouen, the prime mode of measuring and ascertaining quality remained based on actual bread-making, yet this procedure, according to Lailler and others, afforded no indication as to the nutritive qualities of bread, which could only be measured by their nitrogen content. [START_REF] Lailler | Etude pratique sur le gluten[END_REF] Describing the traditional methods used by millers and bakers to ascertain the quality of wheat and flour as "of the crudest description", chemists argued that only a proper analysis could guarantee the quality of the product, and ensure that results would be accurate, standardised, consistent, and reflected its nutritional value. Moreover, chemical analysis would make long-distance sales on sample and futures trading more convenient, since bread-making tests remained burdensome and difficult and could afford no guarantee as to the consistency of the flour's or wheat's qualities. A precise numerical value ascribed to quality was indeed the only guarantee in case of arbitration after futures sales or sales on samples. In Great Britain, the chemist William Jago argued that the various classifications that existed in Britain for the selling of flour (town superfines, town whites, town households, etc.) were not fit for an age marked by a widening array of wheat varieties and flour type: "a better and more trustworthy classification" had now become necessary, he argued, and he hoped that baking tests would ultimately be replaced by "strength tests" which would ascribe a numerical value to the bread-making and nutritive qualities of a given flour. [START_REF] Jago | Modern Developments of Bread Making[END_REF] The model here was clearly the evolutions that the trade in fertilisers had undergone since the 1860s. Discontent with the frequent adulteration and varying quality of fertilisers had led some manufacturers to indicate the nutrient (NPK) content of the fertilisers that they sold, a custom that eventually became compulsory in 1888 in France and 1893 in Great Britain. For proponents of sales by analysis, this type of guarantee should be extended to the sale of wheat and flour, as a compulsory indication. [START_REF]On the influence of the fertiliser market, see for example[END_REF] As Jago put it : "The fact that manures and artificial cattle foods are continually bought and sold by analysis, shows that the principle is one which is capable of being worked commercially. Custom is undoubtedly the chief obstacle to its being successfully adopted in the corn and flour trade. In the open market, corn buying and selling is done from sample, and provided the bulk of the parcel tallies in appearance and general outward characteristics with the sample on which purchase is effected, the miller must trust entirely to his own judgment as to iuality and yield of flour; it is well known that the opinion formed under these circumstances cannot be uniformly depended on. (…) Supposing a system of commercial assay of wheat to be adopted for buying and selling purposes, the corn merchant would offer his samples under guarantee that their strength, gluten, etc., were so much, giving the results of assays he has had made on his behalf. In case of the buyer finding the bulk of the wheat not coming up to the seller's guarantee, he could as now refer the matter to arbitration; the only difference would be that a chemist would have a seat on the board of arbitrators, and would certify as to the respective merits of the samples in dispute, when subjected to a commercial assay". [START_REF] Jago | The Chemistry of Wheat[END_REF] As the previous quote indicates, Jago and other flour chemists were trying to promote their expertise for commercial transactions and arbitration. In his proposal for "commercial assay" Jago was also hoping to benefit from the increasing interest of millers in science and technology, as developed in new reviews (Milling, Miller), and technical courses developing in the 1880s. In 1884, he had tried to launch a new publication called A Confidential Report on the Wheat and Flour Supply. This report, which contained numerous chemical analyses of English and foreign wheats (in its first year, Jago performed and published the results of 181 analyses), was reserved to subscribers who were also entitled to personalised advice and, more importantly, discount rates on wheat and flour analyses. Theoretically, millers could use Jago's Confidential Report to compare the gluten and albuminoid proportions of various sorts of wheat to help them buy wheat at the right price, and Jago's objective was "to place the result of chemical investigation of problems that are of importance to the milling and bread-making crafts within reach of every miller and baker", by acculturating them to the notions that he felt were indispensable to the assessment of wheat quality. [START_REF] Jago | A Confidential Report on the Wheat and Flour Supply of the United Kingdom. For the use of Millers, Bakers and Cornfactors[END_REF] Yet Jago's hope was disappointed. Even by offering subscribers gratis tests, the publication never reached his objective of a thousand subscriptions and publication was discontinued in 1886. Jago nevertheless continued to press the value of chemistry in determining bread and flour quality, by devising and selling various instruments for flour testing, setting up a laboratory and publishing widely on wheat and flour chemistry. [START_REF] Jago | A Text-book of the Science and Art of Breadmaking, including the Chemistry and Analytical and Practical Testing of Wheat, Flour, and other Materials used in Baking[END_REF] In France as well, analytical science undoubtedly made some progress, as seen for example in the creation of the Laboratoire du syndicat de la boulangerie de Paris in 1892, which performed gluten and other analyses for free. Yet, as Lindet deplored, "no matter how beautiful and practical a laboratory is, it takes a long time before people learn how to require its services: they need to be shown the services that the lab can perform and learn by themselves how profitable it is to them". [START_REF] Lindet | Rapport présenté par M. Lindet, au nom du Comité d'Agriculture, sur le service scientifique du syndicat de la boulangerie de Paris[END_REF] The emphasis on gluten and chemical analysis was thus part of a wider attempt by chemists to secure a more important role in the control over grain and flour transactions, yet it appears that many millers and bakers preferred to rely on their own tacit knowledge rather than on the chemists' formal procedures. 57

Dealing with complexity

In their bid to insist on the relevance of their expertise, most chemists argued that the crude separation of gluten with water, which could be performed by almost anyone, was in fact not a trustworthy method. For example, it was found that the gluten content of flours varied considerably according to the hydration of the gluten, the length of time that passed between the preparation of the dough and the extraction of the gluten, the type and the temperature of the water used, etc. [START_REF] Balland | Contribution à l'étude de la chimie industrielle des farines et particulièrement du gluten et de l'acidité[END_REF] It could therefore, chemists argued, not be reliably used, especially when there were judicial contestations. [START_REF] Jago | A Text-book of the Science and Art of Breadmaking[END_REF] As early as 1837, Boussingault had used a new method to measure the quantity of gluten in flours made from twenty five types of wheat, and rather than rely on the crude measurement of the gluten obtained by washing, Boussingault set to devise a formula which could be used to deduct the quantity of gluten from the total quantity of nitrogen contained in a flour, a procedure which was allegedly more precise but which could only be performed by chemists. [START_REF] Boussingault | Mémoire sur la quantité de gluten contenu dans les farines de plusieurs espèces de fromens cultivés dans le même sol[END_REF] Boussingault's work was followed by a string of related analyses which measured the gluten and nitrogen content of wheat. Chemists pressed the point that only through a careful dosage performed by a professional chemist or pharmacist could the quality of a wheat or flour be ascertained with precision and certainty. Yet, this type of analysis remained rather impractical for buyers and in the end it was mostly the "wet gluten "method that continued to be used unless very specific circumstances required a proper chemical analysis. [START_REF] Peligot | Sur la composition du blé: Mémoire lu à l'Académie des Sciences, le 5 février 1849[END_REF] If one finds repeated examples of arguments in favour of sales by gluten until at least the early twentieth century, it seems indeed that this horizon kept receding and never fully materialised. As chemists frequently deplored, millers continued to judge the quality of wheat by its density and by empirical sensory analysis. It was in fact widely recognised that gluten content was only one among many of the qualities looked for in wheat and flour. Already in the 1850s, Louis Edouard Rivot, from the Ecole Impériale des Mines, had written that if gluten tests could allow to rank quality, chemical analysis could only go so far: "chemical analysis is unable, on its own, to assess the quality of flour or of bread, as the various mixes which have been performed to manufacture flour, and its physical condition are of much more bearing to the quality of bread than its chemical composition". [START_REF] Edouard | Note sur l'examen des farines et des pains[END_REF] And a whole set of other testing apparatus were invented in the second half of the nineteenth century to register numerically other qualities, like tests to, for example, objectivise the colour of flour, such as Pekar's method or the tintometer, which, however, still relied very much on the judgement of the person using it. 63 Concerning gluten, it became clearer and clearer that the mere weighing of gluten was an unreliable and inconsistent method. It became increasingly obvious that the quantity of gluten was too crude an indicator of quality, as what mattered most was the "condition" of this gluten. [START_REF] Lawes | On Some Points in the Composition of Wheat Grain, its Products in the Mill and Bread[END_REF] Firstly, poor milling or storing methods could alter the elasticity of gluten, which could therefore not be measured by quantitative analysis alone. [START_REF] Edouard | Note sur l'examen des farines et des pains[END_REF] More importantly, the wheats with the highest gluten content were not necessarily those that produced the "strongest" flours. Very hard wheats for example contained a lot of gluten but had a poor "dilatation power" and could not be used to bake the highly aerated breads that urban populations, in particular, preferred. 66 The idea that the quantity of gluten in flour could be a reliable indicator of its quality thus came increasingly under attack in the later years of the nineteenth century: "theory and practice have proven that it is impossible to reach precise and stable figures, so it is high time to abandon this archaic method". [START_REF] Rechtsamer | La quantité de gluten contenue dans la farine et la qualité de cette dernière à la panification[END_REF] There were thus "considerable difficulties" that forced chemists to find new ways, beyond mere chemical analysis, to quantify the strength of wheat, and most analysts resorted to a physical analysis in their attempt to find a numerical index of quality. The most widely spread instrument for measuring the quality (and not the quantity) of gluten was Boland's aleurometer which attempted to measure the "power of expansion" of various glutens. [START_REF] Boland | Traite pratiiue de boulangerie[END_REF] Yet it was widely acknowledged that the results by Boland's aleurometer provided only indicative information and afforded no proper guarantee as to the quality of a given flour. The results varied enormously depending on whether the gluten used was dry or humid, whether some air had been allowed to get into the instrument, or on the amount of heat used, so that it came to be increasingly seen as untrustworthy and it went out of favor by the end of the century. [START_REF] Girard | Analyse chimique et microscopique des principaux produits de mouture, fournis par les essais exécutes sous la surveillance de la commission spéciale nommée par la chambre syndicale des grains et farines de Paris (1883-84)[END_REF] Other instruments developed in the last two decades if the nineteenth century included William Jago's "strength burette" (to measure the water-absorbing capacity of flour), the "viscometer" (to estimate the consistency and stiffness of a dough), and Kunis' "farinometer", which were all variations of Boland's aleurometer and measured the expansion of gluten or of a dough subjected to heat. [START_REF] Jago | Appareil Porther pour l'essai des farines[END_REF] Despite the creation of these new (physical, not chemical) instruments, sensory analysis remained the prime method of ascertaining quality. If the "wet gluten" method was favored, it was not only because it was more practical but because it left room for a more personal and sensory approach to quality. What mattered most, even to many chemists, was not so much the quantity of the gluten as its "feel and appearance". [START_REF] Jago | A Text-book of the Science and Art of Breadmaking[END_REF] In the end, the ultimate test for bread-making quality was still to … bake bread. As a milling textbook from the 1900s put it : "the only safe way to ascertain the quality of flour from an unknown wheat would be to … have the flour baked", while the other methods of testing flour quality, such as gluten tests, were judged "misleading". [START_REF] Halliwell | The Technics of Flour Milling: A Handbook for Millers[END_REF] In the late nineteenth century, the Paris-Type Commission, for example, continued to perform gluten content analyses but it was clear that the main criteria for ranking and certifying flours as "Paris-Type", were colour and a proper baking test. [START_REF] Girard | Rapport sur l'organisation, par M. C. Lucas, du laboratoire d'expertises de la commission des farines douze-marques[END_REF] The elusive quest to formalise quality Despite these difficulties, the need for quantitative indicators of quality remained paramount, in an increasingly global trade. At the turn of the twentieth century, Europe was faced with rising quantities of wheat imported from the US but some complained that the American system of grading, through elevator certificates, was untrustworthy and afforded buyers in Europe few guarantees. Since certification was practiced in the US and was final, these sales on certificates afforded no room for contestation or compensation claims if the quality of the delivered product did not correspond to what had been promised. [START_REF]General Meeting of the National Association of British and Irish Millers, 9 December 1903[END_REF] The US system of classification was, in particular, reproached with being too crude, having too few nuances of quality, depending overly on the judgement of inspectors, and as affording very little precise information on the strength of the wheats bought. [START_REF] Rechtsamer | La quantité de gluten contenue dans la farine et la qualité de cette dernière à la panification[END_REF] But the search for a reliable indicator of quality was just as necessary for domestic wheats. In both Britain and France, millers had allegedly acquired a "prejudice" against homegrown wheats and felt that it was necessary to mix the weaker domestic flours with stronger American or Russian wheats, that phenomenon being particularly important in Britain where 80 % of the wheat milled was imported in the 1900s. [START_REF] Otter | Diet for a Large Planet[END_REF] Millers had actually incorporated the question of gluten in their lexicon of end-quality attributes, and milling handbooks routinely described some (English) wheats as "being weak or deficient in the gluten department" or on the contrary other (Russian in this case) varieties as being in great demand because of their "glutinous properties". [START_REF] Halliwell | The Technics of Flour Milling[END_REF] Yet the varying "glutinous" characteristics of wheat varieties were mentioned as general properties that characterised certain types of wheat (American, Russian) rather than as a numerical index (no figures were given). Millers, in other words, had appropriated the lexicon of chemistry without necessarily relying upon its analyses and were generally not ready to let another craft (chemists) have the final word on quality. In any case, the result was that millers were now increasingly seen as being "prejudiced" against domestic varieties. In England for example, before the rise of imports, there had been a wider price differential between the stronger and the weaker domestic wheats. But since the arrival of strong US wheats, that strength "premium" had disappeared leading the older stronger domestic varieties (Red Lamma, Rough Chaff) to go out of use as farmers tried to counter ever falling prices by higher yields. In 1902 the best English wheat was worth no more than 28s 6d per quarter, while Russian wheats and Hard Manitoba commanded respective prices of 33s and 35s. 78 In both countries, a "gluten crisis" was widely lamented at the turn of the twentieth century: it was for example frequently commented upon that the flours sold in Paris had seen their average dry gluten content drop from 10.10% in 1871 to 7.80 % in 1893 and 6.5% in 1904. 79 In both Britain and France this decrease in gluten content and quality was ascribed to the rapid spread of the new, mostly English, high-yielding varieties that were more responsive to increased use of fertilisers (Stand Up, Goldendrop, Victoria), which had a very poor "industrial value", as the bread-making qualities of wheat came to be called. For a long time in the nineteenth century, as quality was ascribed to its content in nitrogenous material, it had been relatively natural to assume that a wheat grown with liberal additions of nitrogenous fertilisers would give a nitrogen-rich and high-quality wheat. As one author put it in the 1860s: "It is evident therefore, if gluten is an essential part of good wheat, that nitrogen, which is the basis of gluten, is equally necessary to its production. Wherever, in fact, nitrogen is present in abundance in a soil, the wheat grown upon it is found to abound in gluten in an equal proportion". 80 By the 1900s, however, it had become clear that it was not possible to draw any link between the use of nitrogenous fertilisers and gluten-content. If anything, the quality of wheat seemed to be decreasing when fertilisation increased: baking tests performed upon wheats grown in British experimental stations and which had received the largest amounts of fertilisers were found to be "not even good enough to bake". 81 For some like Fleurent, the solution was to abandon the new varieties and go back to the traditional varieties with lower yields but a higher gluten content. For others, the only solution was to breed new, stronger varieties while maintaining high yields. This was especially the case of the work jointly pursued by Gatellier, L'Hôte and Schribaux, a chemist, a wheat breeder and a miller / farmer, who tried to develop high-gluten wheats. 82 In any case, whether the solution was returning to the older varieties or breeding new, stronger ones, there was a need to formalise what "strength" meant, in order to provide buyers with objective information on quality so as to override their "prejudices" against domestic varieties. 83 Gluten analyses could thus play a rôle in creating a premium on quality and thus give farmers an incentive to grow stronger wheats, which would fetch a higher price and compensate for their lower yields. This explains why, despite the shortcomings of gluten content as an indicator of quality, some like the milling chemist Remilly, still entertained the idea of selling wheat by its gluten content: "There will probably come a time when the milling industry, like other agricultural industries, will base its purchases on the proportion of useful substances contained in raw material, which means gluten in this case". [START_REF]Société d'agriculture et des arts de Seine-et-Oise[END_REF] 78 A. D. For breeding purposes as well, it was deemed important to find a ready-made "laboratory measure" of strength, which could be used as a preliminary test to discriminate quickly between a large set of varieties. [START_REF] Hall | The question of quality in wheat". 86 "Extrait du rapport fait à l'Académie Royale de médecine sur le Gluten-Granulé de MM. Veron[END_REF] Chemists in France, Great Britain and elsewehere were thus still actively trying to find an indicator that was more reliable and precise than gluten content. In France, Girard and Fleurent, under instructions from the French Ministry of Agriculture, started in 1896 to analyse 200 varieties of wheat to find out a chemical means of numerically registering their quality. After the death of Girard in 1898, Fleurent continued the analyses on his own and arrived at the conclusion that what mattered was not the quantity of the gluten but its composition. As early as 1819, Taddéi had identified two different substances in gluten, one that was soluble in alcohol (gliadin) and another insoluble substance (which he called zimome). 86 Girard and Fleurent determined that the optimal ratio was 75% gliadin / 25% glutinen (the name that they gave to the insoluble substance). [START_REF] Girard | Recherches sur la composition des blés et sur leur analyse[END_REF] One commentator of Girard and Fleurent's work hoped that, at last, chemistry had found a means to measure grain quality: these results would enable both millers and breeders to know precisely "the real value, the baking value, of a given variety of wheat". [START_REF] Petit | Analyse et composition des blés[END_REF] With this new metric, the entire grain chain could at last be based upon scientific principles, and quality be made more predictable and dependable: not only could breeders and farmers select varieties with a known quality-index, but this would also help millers make "rational mixes" : knowing the glutenin / gliadin ratio of various wheats, millers could now "obtain milling products with a standardised quality" and "correct defective flours" "by adjusting the glutenin / gliadin ratio and by increasing the quantity of nitrogenous substances". [START_REF]Composition élémentaire du gluten[END_REF] Fleurent and Girard's work was replicated by Snyder in the US and Guthrie in Australia but the figures that these scientists arrived at differed in a rather significant way, and reception of this new discovery was lukewarm at best, especially in Great Britain. In The Miller, for example, a reader exclaimed: "It seems to me not at all necessary that the manufacturer of flour, so far as his business is concerned, should trouble himself much about the difference between gliadin and glutinen". [START_REF]Scientific Flour Milling[END_REF] A. D. Hall (of Rothamsted) dismissed Fleurent's theory altogether, arguing "no particular ratio (could) be selected as more indicative of a good gluten than any other". [START_REF] Hall | The question of quality in wheat[END_REF] If Hall was interested in Fleurent's work, it was because in Great Britain as well, scientists were also looking for a way to define "what makes strength from the chemist's point of view" as a preliminary step towards breeding new, stronger domestic varieties to diminish Britain's dependence on foreign wheat imports. [START_REF]Council Meeting of the National Association of British and Irish Millers[END_REF] In the early years of the twentieth century, the question of strength remained as difficult as ever to define with precision: was it primarily about the quantity of water that a sack of flour could absorb? Could it be defined by the number of loaves produced with a given quantity of flour? Or was it about the consistency, toughness and elasticity of the end product? [START_REF] Humpfries | The Improvement of English Wheat[END_REF] When, concerned about the dependence of Great Britain on foreign wheats, the Royal Commission on the Supply of Food and Raw Materials in Time of War (1903-05) enquired into the way that experts defined and measured "strength", none of them could give a straightforward answer. Robert Henry Rew, an agricultural statistician from the Board of Agriculture and Inspector of Corn Returns at Mark Lane, candidly confessed that he could not define what he meant by "strength". 94 So when the National Association of British and Irish Millers set up a committee on the improvement of English wheat, the latter adopted a rather vague and qualitative definition that did not really lend itself to scientific formalisation: "a strong wheat is one which yields flour capable of making large, well-piled loaves". [START_REF] Humpfries | The Improvement of English Wheat[END_REF] And in their laboratory work to test the strength of various wheats, the committee did not use any of the instruments or procedures mentioned above, but relied instead upon a "practical baker" who performed baking tests and allotted "marks to them on an arbitrary scale representing his own judgement". [START_REF] Hall | The Question of Quality in Wheat[END_REF] More importantly, the Committee found no satisfactory way of linking gluten and strength. When English wheats were tested, one of the worst rated wheat had the highest gluten content, and the wheat that got the second best baker's mark, for example, had an average gluten content and its gliadin content was unexceptional as well. So all methods were discarded by the British Committee except for the "estimation of the total nitrogen percentage" which afforded some rough indication of strength for wheats grown in the same conditions but should be taken with considerable caution, since it was "by no means an absolute measure of strength". [START_REF] Humpfries | The Improvement of English Wheat": 5. 98 "The Gluten Theory[END_REF] As the milling press put it rather despondently: "the gluten theory is discarded and we are plunged once more into an acute controversy (…), we are left entirely without a theory of any description. There is no scientific explanation of any consequence as to what does or does not constitute the element of strength in wheat". 98 In France as well, Vilmorin and other breeders came to the same conclusion thatneither flour's "nitrogenous content, nor its gluten content nor the composition of its gluten" were useful measures of its quality. 99 Finally, the nutritional supremacy of gluten was dealt a heavy blow in the 1900s as nutrition science shifted its focus away from "nitrogenous substances" (proteins) to focus rather more on carbohydrates and calories, and what was known at the time as "accessory factors", later to be called vitamins. 100 As Fleurent himself put it in 1909, it was not useful, from a nutritional point of view to try and grow wheats that were too rich in gluten, since this would be at the expense of carbohydrates. 101

Conclusion

From the beginning of the nineteenth century, chemists sought, for political, professional and commercial reasons, to find a unit that could reduce the complexity of the quality of wheat to a criteria that could be objective and numerical. To formalise quality, they thus attempted to measure the quantity and the quality of gluten, often perceived as being a key proxy to quality, due to its nutritional and physical properties. At the turn of the twentieth century, that objective had only been very partially fulfilled. If it proved easy to extract gluten and to use it as an indicator of quality in commercial transactions, the quantification of gluten proved unable -on its own -to estimate and anticipate the baking properties of a given sample of flour. Flour chemistry did of course become institutionalised and gained importance partly thanks to this work but it did not prove possible to reach an easy consensus as to what should be taken as the prime indicator of quality: reducing the materiality of the grain to a set of figures proved a more difficult task than expected and the difficulties which chemistry encountered in its attempts at formalising quality persisted long into the twentieth century. 102 After WWI the "quality" of flour came to be increasingly formalised through a variety of tests and instruments, but chemical analyses of flour were mostly superseded by physical tests (viscosity, plasticity, ductility, etc.), especially through the use of Chopin's extensimeter (1921), still in use today. 103 An analysis of interwar developments is beyond the scope of this article, but one may simply note here that even then, the new regime was clearly not exempt from doubts and contestations: actors in the grain trade, as exemplified with the Office National du Blé in France in the 1930s, still did not include a formal appreciation of strength in transactions and the questions of how to measure and guarantee the nutritional and baking qualities of wheat and bread were still far from stabilised and consensual. 104 Just like in the nineteenth century, the scientists trying to simplify the criteria to assess the quality of wheat and flour and to predict its nutritional and baking properties constantly had to confront the complexity of the materiality of wheat, which opposed strong resistance to being reduced to a small set of numerical indicators.
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