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  PART I




   




  THE BALANCED DIET




   




  CHAPTER I




  WHAT IS A BALANCED DIET?




  IN the present state of our knowledge we can say with the greatest assurance that a complete and balanced diet is one that shall satisfy the following specifications:




  

    	
It must furnish enough energy to keep the body going.





    	
It must furnish material for growth and for replace ment of tissue waste.





    	
It must furnish enough water.





    	
It must furnish enough inorganic mineral salts.





    	
It must furnish vitamins.





    	
It should furnish enough bulk.





    	
It must help to maintain the neutrality of the body.



  




   




  The purpose of this book is to amplify these specifications and to attempt to persuade you of their validity. In order to do so we shall recount the find ings and particularly the methods of that wonderful new science of nutrition, examine the observational and experimental data upon which it bases its conclusions so that we may realize how important those conclusions are for the welfare, health and happiness of mankind.




  Our knowledge of diet and the chemistry of food and nutrition has enlarged so much in the last few years that it may be said to be among the most exact branches of biologic science. And this mass of exact information is so practical, touches so closely the interests of every one of us, that it is a duty for every one to acquaint himself with this body of knowledge.




  I emphasize the practical side of nutritional science. There are other branches of biologic science that have become quite exact. One is heredity and genetics. But interesting and fascinating as this field is, we must acknowledge that the facts acquired have little, or at least difficult application to man. So far as man is concerned, eugenics is a beautiful dream, but it is most unlikely that human nature will practise it. And so far as animal and plant breeding is concerned, the practical botanists and farriers taught the geneticists far more than they learned.




  Nearly all the rich finds of nutritional science, on the contrary, have been turned to immediate good account, and have changed the entire aspect of man's major preoccupation—true, despite the Freudian viewpoint—eating.




  This knowledge which has made it easy and, indeed, almost inevitable for a modern man to obtain a balanced diet is, as has been indicated, of comparatively recent development. The advice which other generations received on the subject of food was based partly on commonplace observation, partly on superstition and prejudice and partly on instinct and hunger. Instinct and hunger held first place and saved the day, and our ancestors managed to maintain good nutrition largely because Nature can turn anything in the line of food to good account if only there is enough of it.




  Some of the old dietetic advice is very quaint. The old treatises on diet were nearly all combined with cookery recipes. Henry Buttes was a physician and student of Corpus Christi College, Oxford. In 1599 he published Dyet's Dry Dinner. Some of the advice solemnly set down is that spinach "doth cure the cough, make the belly soluble, and the weasand smooth." The radish "causeth leannesse, belchings, headache and lice." Carrots are "of small nourish ment, slowly digested." Pork causes "the Gowteand Sciatica," but hare "procureth beautie, fresh colour, and cheerfull countenance." Crab meat is "good for the consumption, and biting of a mad dog."1




  Of similar sort is the famous advice of John Locke to the Earl of Shaftesbury: "But if my young master must needs have flesh, let it be but once a day, and of one sort at a meal. Great care should be used that he eat bread plentifully, both alone, and with everything else. If it would not be thought too severe, I should




   




  1 Dyet's Dry Dinner is a rare book. I do not own a copy. The excerpts that I have made are from a description in the very interesting catalogue of James F. Drake, the bookseller, of New York. Mr. Drake offers his copy for sale at the price of $1,500 so it can easily be understood why my library does not contain an example of this item.




   




  judge it most convenient that my young master should have nothing but bread for breakfast.




  "And if betwixt meals he will eat, let him have, as often as he calls for it, good dry bread."




  And in George Cheyne's Rules for the Preservation of Health (1725) he has sound but equally empirical advice: "Milk and sweet sound blood differ in noth ing but in color: Milk is Blood."




  George Cheyne's idea of an abstemious diet was to limit one's self to a pound of meat a day and not more than two bottles of port. Such samples of the dietetic advice offered to our ancestors plainly indicate that they are based upon opinion, not science. They resulted neither from controlled observation nor experiment. When those methods began to be applied to food and nutrition, modern eating habits changed rapidly.




  Indeed, one needs only to compare our own table with the tables of our forefathers to realize how radical this change has been. In my boyhood, I remember distinctly that my father regarded tomatoes as poisonous. The staple of our family dinner table was meat and potatoes, and bread and butter. Fresh fruit, especially in the winter, was more or less of a rarity.




  My grandfather's table was even more restricted. The only sugar he used was hrown sugar or Ohio maple sugar. The bread, I imagine, was coarse and probably soggy—the people of my generation must be able to remember "baking day," when running through the house was forbidden because the shaking threatened the rising of the bread. And frequently, in spite of these prohibitions, it didn't rise and we ate it "unriz." The preponderance of meat and farinaceous foods on my grandfather's table over fresh vegetables and fruits would be most unwelcome to modern palates. I doubt if he ever ate an orange. I know he never ate grapefruit, or broccoli or cantaloup or asparagus. Spinach, carrots, lettuce, tomatoes, celery, endive, mushrooms, lima beans, corn, green beans and peas—were entirely unknown, or rarities. About cauliflower, beets, lemons, limes, watermelons, pineapples and okra—I am not so sure. He may or may not have used these. The staple vegetables were potatoes, cabbage, onions, radishes and the fruits—apples, pears, peaches, plums and grapes and some of the berries—in season. Apples were esteemed because they kept. You put a barrel in the cellar in the fall. Or, in grandfather's case, two barrels because it was the day of large families.




  Cheese he ate more than I do. He lived inland— on the borders of Ohio and Pennsylvania, and seafood was seldom obtainable. The grandfathers of those who lived on or near the ocean were more fortunate. My grandfather probably never ate an oyster, or a lobster, except on the few occasions when he visited the seashore. He had no icebox. The railway cars of his day had no refrigeration. All the perishable food he ate came from his own district. What canning or preserving was done, my grandmother did in her own kitchen—and badly.




  In Latin and Oriental countries farinaceous foods predominated, as they still do—spaghetti and rice. And, of course, our Nordic grandfathers had plenty of oatmeal.




  And if a modern were to be thrust into the diningroom of an Elizabethan household, he would simply gag—it is unlikely that he could eat a mouthful until on the verge of starvation.




  I am not here intending to emphasize the absence of delicacies from my grandfather's table, but only to point out the monotony of his diet. The foodmarketing customs in his day presented him with a badly unbalanced diet and it was only by eating a great deal that he obtained all the necessary nutritional elements. Even so, his generation suffered considerably from such nutritional diseases as scurvy, anemia and rickets.




  A contemporary record of my grandfather's table is in Dickens's description of a meal on the canal boat on his western journey:




  Everybody sat down to tea, coffee, bread, butter, salmon, liver, steak, potatoes, pickles, ham, chops, black puddings and sausages.




  "Will you try," said my opposite neighbor, handing me a dish of potatoes broken up in milk and butter, "will you try some of the fixing?"




  One of the best gauges of the change in average dietaries can be found in the figures for the consumption of milk. Milk is such a staple of our modern diet, is properly considered the most nearly perfect and complete food, that it is surprising to find how little was consumed and how careless were the regulations for the purity of the supply a little over a hundred years ago.




  We have the record written by a Judge Colquhoun in London in the early part of the nineteenth century. He was gathering a detailed report of the life of the metropolis and he included an account of the milk supply. The population of London was already over one million and the consumption of milk was onetenth of a pint per person per day. Today a pint is the regular ratio.




  Furthermore, the report says that there was a pump in every cowshed and the milk was heavily watered. The sheds were intolerably filthy. The milk had less than half the food value that it has to-day and it was loaded with bacteria. Moreover, supposing that the better class of people consumed nearer to a pint a day than one-tenth, it can be seen that the average citizen of London had no milk at all a century ago.




  The factors which have brought about the improvements we enjoy have been several. Perhaps the major credit should be given to those anonymous heroes who risked a tomato, ate one in spite of advice that it was poisonous, and advertised its merits. Who shall sufficiently praise the man who first was bold enough to swallow caviar? Almost as much praise, however, must be given industrial enterprise which made transportation of tropical delicacies cheap and easy, refrigeration and preservation of summer foods practicable, and the processing and canning of various foods healthy and economical. Following in the van of these developments, the chemists and physiologists of the world found out how the foods acted, what was their composition and how they should be combined for the best results.




  It is this last factor that we intend to study in this little book. The facts which are gathered together into the science of nutrition came from various sources, and in respect to other scientific develop ments are very modern.




  The first contribution came from chemistry. And chemistry as a science began only a little more than a century and a half ago, some years before the United States became a nation. It began with the discovery and isolation of oxygen, that keystone element— Joseph Priestley isolated it in 1772. The great French chemist, Lavoisier, demonstrated how essential is oxygen to all the processes of life—indeed, to most chemical changes in Nature, whether organic or inorganic. His book was published in 1775. The central fact that this memoir proved was the nature of heat.




  Heat and fire have been ever present phenomena of Nature which demanded explanation but they had greatly puzzled the scientists of old time. The theory finally accepted towards the end of the eighteenth century was the "phlogiston" formula of Stahl. Heat, he thought, was a substance: he called it phlogiston. When wood burned it lost weight, because "phlogiston" escaped from it. Lavoisier proved that fire is simply the union of whatever is burning with oxygen. He showed further that the heat of the body and the chemical processes of life are a slow fire




  —a combustion—but that the essential nature of the process is not changed. It consists of a union with oxygen.




  The chemistry of living matter was a difficult thing to unravel. The pioneer work in this field was by Liebig (1803-1873), whose name was known to the generation of my youth principally as the label on an extract of beef. He was able to gain only the most shadowy idea of Animal Chemistry,2 as his great work was called, but he showed at least that the chemical elements that enter into the structure of the external inorganic world are also present in living tissue. Perhaps "living" is the wrong word because the tissue is dead when the chemist analyzes it, but if we say "animal" and "vegetable" instead of "living," it will cover the case. And "animal and vegetable," you see, means most of our food.




  Liebig's work was extended by the great chemists Wohler (1800- 1882), Hoppe-Seyler (1825-1895) and Emil Fischer (1852- 1919). Wohler synthesized urea artificially. That is, he actually produced in the laboratory test-tubes a compound formed only in




   




   




  2 Thus the first English translation was entitled. The literal trans lation of Liebig's book is Organic Chemistry in its Relation to Physiology and Pathology (1842).




   




  Nature by living matter. Hoppe-Seyler did so many things it makes one reel to think of them: he ascertained the formulas for many of the elements of the blood—hemin, hematin and hematoporphyrin. He showed that the hemoglobin of the blood combines loosely with oxygen. He introduced the term proteid, synonymous with the word we use in this book, protein. He analyzed milk, bile and urine. Emil Fischer synthesized the purin compounds, and artificially made or synthesized most of the sugar groups. He showed that the enzymes, including the ones which are active in digestion, are specific in action, affecting only the chemical substances they are meant to break down, to which they are related as a key to a lock or a glove to a hand.




  To-day we have a very clear, even if not complete, knowledge of the chemical structure of our bodies as well as of the bodies of plants. We can, indeed, synthesize many chemical compounds of living tissue.




  While this work was going on, science was advancing in another field to make our knowledge of diet exact—the physiology of digestion. William Beaumont, an American physician, published a little book in 1833 that is one of the great medical classics. The story behind the book is well known—how a Canadian voyager was accidentally shot in the abdomen at the trading post at Mackinac, how miraculously he lived, but when the wound healed, the inside of the stomach could be seen through a hole or fistula in the abdominal wall, how Dr. Beaumont used this unique
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  opportunity to extract and analyze gastric juice, and study the changes that take place in food when it enters the stomach, and thus founded our knowledge of the processes of digestion.




  This knowledge was widened largely by the fundamental work of the great French physiologist, Claude Bernard (1813-1878).




  Bernard demonstrated the function of the liver, at least its most important function of preparing sugar to be the fuel of the body. He also showed the nature and action of the most powerful of the digestive juices—that of the pancreas. From these manifold studies and many others, physiologic science found itself in possession of a knowledge of the chemical composition of foodstuffs, a knowledge of the chemical composition of the body, a knowledge of the physical and chemical changes which take place while food is prepared for absorption into the body tissues—digestion. It only re mained to study the central problem—nutrition or metabolism.




  For metabolism is the series of acts the body performs in utilizing food for energy or for incorporating food into its own substance.




  The unraveling of these processes will forever be associated with the names of Carl von Yoit (18311908) and Max von Pettenkofer (1818-1901). They conceived of an apparatus, the calorimeter (it is described in the next chapter), which would measure the energy released in the body by the different fundamental food elements—protein, fat and carbohydrate. King Maximilian of Bavaria gave them funds to construct such a machine, and in 1861 they began to observe this wonderful contraption revealing the innermost secrets of the processes of life. They calculated the amounts of these food elements that were necessary for life, how much energy each of them released by weight, how in the body carbohydrate is turned into fat under certain circumstances and conditions. They made, as you see, an exact science of dietetics.




  Vo it's own words, published in 1902, which represent the conclusions to be drawn from his experiments, are worth the student's pondering today:




  The causes of the changes which take place during metabolism are found in the cells of the organism. The mass of these cells and their power to decompose materials deter mine the metabolism.




  It is absolutely proved that protein fed to the cells is the easiest of all the foodstuffs to be destroyed, next carbohydrates, and lastly fat.




  All kinds of influences may act upon the cells to modify their ability to metabolize, some increasing it or others decreasing it. To the former category belong muscular work, cold of the environment (in warm-blooded animals), abundant food, and warming the cells. To the latter, cooling the cells, certain poisons, etc.




  The metabolism of the different foodstuffs varies with the quality and quantity of the food. Protein alone may burn, or little protein and much carbohydrate and fat. I have determined the amount of the metabolism of the various foodstuffs under the most varied conditions. All the phases of metabolism originate from processes in the cells. In a given condition of the cells available protein may be used exclusively if enough be furnished them. If the power of the cells to metabolize is not exhausted by the protein furnished, then carbohydrates and fats are destroyed up to the limit of the ability of the cells to do so. From this use of materials arise physical results, such as work, heat, and electricity, which we can express in heat




  units. This is the power derived from metabolism.




  I am convinced that the clearest and most unifying development will be possible as one investigates what sub stances are destroyed under different circumstances, such as the performance of work, and loss of heat, and how much of the different materials must be fed to maintain the body in condition.




  One final contribution to the subject was made during the present century. The work of Voit and Pettenkofer left physiologists believing that a complete and balanced diet consisted in the proper proportions of the three basic food principles— protein, carbohydrate and fat, provided water and certain mineral salts were also included. It was a period during which the typical kind of dietetic experiment centered around an attempt to create a concentrated food which would satisfy all bodily needs. If one could only get an essential orange, taking up a tenth of the room and weighing a tenth of an actual orange.




  From such dreams the dietetic world was rudely awakened in 1911. Frederick Gowland Hopkins, of Cambridge, began some experiments in 1906, but he did not report them in print until 1911, when he published a paper, "Feeding Experiments Illustrating the Importance of Accessory Factors in Normal Dietaries."3 In an address in 1906 he said: "But, further, no animal can live upon a mixture of pure protein, fat and carbohydrate, and even when the necessary inorganic material is carefully supplied the animal cannot flourish."3




  The old observations of Lind and Capt. James Cook were recalled, observations that resulted in the order still standing in the British Navy and merchant marine that every sailor on voyage should have the juice of a lemon or orange once a day to prevent scurvy. The "essential" or concentrated orange did not, it was finally acknowledged, represent all that was in an orange. Somewhere in foods, perhaps linked to the protein or carbohydrate or fat, were substances that were necessary for healthy nutrition. "Accessory food factors" Gowland Hopkins called them. Casimir Funk, in 1911, gave them the name that has stuck— vitamins.




  There may be some new developments in dietary research to be unfolded in the future, but it is diffi cult to believe that there will be any disclosures which will upset the knowledge we now have of the function of foods. As was stated at the beginning of this chapter, dietetics is as nearly an exact science as you are likely to get in the field of practical biology.




  A balanced diet is, of course, that diet which furnishes all the elements necessary to healthy nutrition in proper amounts and relative proportions.




   




  3. Journal of Physiology, Vol. 44 (1911), pp. 425460.




   




  "But," I hear some skeptical reader saying, "it seems quite unnecessary to learn all these burdensome things, to plan a tedious diet which takes all the fun out of eating. I know nothing about your science of nutrition and I have eaten ignorantly all my life and I am perfectly healthy, just as healthy as you are with all your dietetic planning."




  I would be the last to challenge such a very sensible viewpoint. I admit gladly and freely that if an average person will eat the average supply of foods that is offered him in market, at the family table or in restaurants, following the ordinary daily routine of breakfast with its customary fruit, egg, toast, milk or cereal, and midday and evening meals with some combination of soup, main course with meat and vegetables, salad and dessert, choosing his food for variety as his fancy dictates, that he will most probably eat a perfectly balanced diet. He need not necessarily learn the elements of the science of nutrition to do so.




  In fact, experience teaches us that people who study the subject without proper guidance all too frequently become impressed with the phenomena disclosed in one part of the field of nutrition and using that as a cornerstone for a crusade, and ignoring the rest, insist upon the necessity for some kind of a diet which is far from being balanced in a scientific sense. And this conception they attempt to impose on the rest of the world. They are the great army of food faddists and food quacks. And they have done great harm to this science of nutrition and to those easily persuaded people who have followed their ill-balanced advice.




  No, it is not my purpose to insist that health can only be attained by a laborious acquisition of the facts of nutritional science and a slavish devotion to rigid dietary formulas. Any justification for presenting the subject must follow other arguments.




  It seems to me that when the world of science has placed so valuable a body of facts at one's disposal there is an intellectual obligation on the part of those who are the beneficiaries to acquaint themselves with those facts. That is one argument.




  In the hands of some few people must repose this precious wisdom so that by guiding the channels of food habit and supply they may make the world safe for the rest. That is another argument.




  But even granting that most people are safe in choosing their diet in the modern world indiscriminately, there are personal reasons why we would all be better off if we became sound food chemists. In the first place, the diets of infants and children can not be left entirely to chance, and parents, teachers and nurses must learn something of modern nutritional science to safeguard their charges. Even adults may fall into strange dietetic practices and food deficiency diseases are not unknown in the midst of our modern civilization. Lastly, if we gain a real and wide knowledge of this field, it will set us free from all those ridiculous fads which hamper so many of our friends and neighbors.




  The purpose of this book is not to lay down any dogmatic dietetic formula but to explain to any one who desires to know, as simply as possible, the principles upon which our present extensive and scientific knowledge of dietetics rests.
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