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			INTRODUCTION

			I love the song ‘Jack and Diane’ by John ‘Cougar’ Mellencamp. This little ditty, released in 1982, wistfully looks backwards at the lost thrill of youth from the reality of adulthood. I say this not to be depressing, nor to imagine some rose-tinted fantasy about halcyon days gone by. I don’t know about you, but my thrill of youth was filled with teenage angst and wasted time spent worrying about things that once meant the world, but given the perspective of time, I now know to matter very little at all.

			There are, however, two things that many of us do miss about being younger: health and weight. The former, which has been ebbing away, and the latter, which has been gained inexorably over time. The titular Jack and Diane from the song were young and pretty; they played American football and ate chilli dogs outside diners without a thought, and probably managed to stay as skinny as rakes with no effort whatsoever. However, like myself, Jack and Diane are now in their late-forties, and within sight of the half-century mark. All they need to do is look at a doughnut and the weight appears to pile on. They try to work out when they can, but Jack now has a dodgy right knee, and Diane’s right elbow is giving her grief. Also, those hangovers just seem to hang on longer than they used to (OK, I admit that this is me projecting here). Crucially, Jack in particular is putting fat on around his stomach area, getting a ‘beer belly’, and at his forty-year health check-up was told that he had cholesterol levels that were ticking upwards and that he was now at serious risk of developing type 2 diabetes. As for Diane, her blood pressure is a little high, she has a family history of heart disease, and she never managed to lose the ‘baby’ weight she put on when she was pregnant – and her ‘baby’ is just about to head off to university! (I’m not necessarily sure this is, narratively, where John Mellencamp was heading with the song, but work with me here, folks.)

			Bottom line is, Jack and Diane have been told by their doctor that they both need to try to lose some weight if they want to reduce their risk of disease and increase their chances of a healthy beginning to their next fifty years. They know this, of course; they can look in the mirror. However, between the two of them, they have pretty much tried most of the latest diets going, and the weight has simply been stubborn to shift and even tougher to keep off, not for want of trying. 

			‘Just keep a close eye on your calories to make sure you are eating less, and the weight will come off,’ advised their doctor. 

			‘But, doctor, we are doing that! It’s so difficult!’

			‘You just have to try harder. Do you want to live to see your grandkids?’

			Ooof. Low blow there.

			Many of you would have had a similar conversation, if not with your doctor, then with your partner, or parent, or child, or perhaps a well-meaning (maybe ex) friend.

			Just count your calories and the weight will come off. Easy-peasy.

			Calorie information is of course ubiquitous. Every item of food that is packaged in any way – raw, cooked, baked, pickled, fermented, cured, dried or frozen – by law has to come with information about the number of calories contained within. Many restaurants, be they sit-down, fast food or take-out, provide the caloric content of their meals on their menus. The same is also true for recipes found in many cookbooks and online. We are conditioned to treat this information as gospel; counting, cutting, intermittently consuming and, if you believe some companies or food gurus out there, magically making them disappear. At times, calories can make us either feel good or bad; or sometimes even good and bad at the same time. Some of us are judged for consuming too many calories, others are judged for consuming too few. We all need calories to live, yet many people feel (or are made by others to feel) guilty about consuming them. While people around the world are dying because they don’t get enough calories, many MORE (as of the past few decades at least) are dying because they ingest too many.

			Here’s the thing that most people have no idea about. ALL of the calorie-counts that you see everywhere today are WRONG.  

			OK, hold your horses, everyone. Before y’all start @-ing me, which is clearly the thing to do these days, please allow me to clarify. No one out there is actually lying or making up numbers.  What I’m talking about is the concept of ‘caloric availability’. The important question to ask is not how many calories are in your food, but rather how many available or usable calories, through digestion and metabolism, will your body be able to extract from this food? It is surprising to many, but the total number of calories in a food is not the same as the number of calories we are able to use, not even close.

			Basically:

			A –	the number of calories actually in the food ≠ (does not equal)

			B –	the number of calories on the side of the pack ≠ (does not equal)

			C –	the number of usable calories we finally get out of the food

			In the first four chapters of this book, I will unpack the equation above. I will explore ‘the calorie’, what it is, its history, how it is measured, and where those ubiquitous counts that adorn our food packaging have come from. Next, I’ll explain what happens after food enters our mouths; how it is digested and broken into its constituent parts of protein, fat and carbs; and how these are eventually metabolised to generate energy. Then I’ll look at what this energy that we have extracted from our food is used for. In the following two chapters, I explain how this principle of caloric availability underpins all of the most successful weight-loss diets, even if not by name (a rose by any other name . . .). The system of caloric availability brings all diet plans under one umbrella, while also helping you to actually understand WHY and HOW different diets work. In the final three chapters, I explore the modern phenomenon of ‘ultra-processed’ food and its societal implications, as well as how you can begin to leverage caloric availability in your day-to-day life. 

			Once you understand the elegant simplicity of the calorie equation, you will be able to navigate the supermarket shelves and menus more confidently and begin to look at food, from lentils to a fillet steak to a slice of cake, in a different way. It’s my hope that understanding the true science of weight loss will empower you to make healthier food choices. 

			Every effort has been made to ensure that the information in the book is accurate. The information in this book may not be applicable in each individual case, so it is advised that professional medical advice is obtained for specific health matters and before changing any medication or dosage. Neither the publisher nor author accepts any legal responsibility for any personal injury or other damage or loss arising from the use of the information in this book. In addition, if you are concerned about your diet or exercise regime and wish to change them, you should consult a health practitioner first.

		

	
		
			CHAPTER 1

			Calories, calories everywhere

			The city of San Francisco is actually surprisingly small for an American city, roughly only seven miles north to south and seven miles east to west, located as it is on the tip of a peninsula. To the west stretches the vast openness of the Pacific Ocean, to the north the Golden Gate Bridge crosses over the mile-wide opening to the bay, into Marin County and towards the town of Sausalito, while to the east the Bay Bridge connects to Treasure Island, then to the cities of Oakland and Berkeley in the East Bay. Just a couple of blocks south of the Bay Bridge, on King Street, between 2nd and 3rd, is Oracle Park, which the San Francisco Giants, the city’s baseball club, calls home. 

			I spent many of my formative years in the Bay Area, attending St Ignatius High School in San Francisco’s Sunset District and then studying at the University of California at Berkeley. During that time, I became a huge fan of American sports. To this day, American football is still my favourite sport to watch. Living in the UK, as I do now, that means accessing the games via various satellite and online platforms so I can watch my beloved San Francisco 49ers play. American football is brutal and violent, and hence only sixteen games are played in a season. As a result, every game really matters, and the rare times I’ve attended games in person (it is an expensive business), I am typically riveted to the play on the field. 

			Baseball is almost the diametric opposite of violence and brutality. In fact, it is only slightly less sedate than cricket (apologies to cricket fans . . . but Test cricket does take five days to play . . . five days!). Baseball, as with cricket, is primarily a summertime sport, with around 180 games (!!) played in a season. Fewer games means each one is typically far less expensive to attend, and the result of each game, particularly those that take place in the hot and buggy days of midsummer, is less crucial. Yet, a game can last more than three hours (it’s not five days, but three hours is still pretty long). So what do people do with all that time in the hot sunshine? Well, there is beer to be consumed of course . . . but there are also many food choices to be made. Throughout much of the twentieth century, game refreshments would have been limited to the ubiquitous hot-dog, burgers certainly and maybe giant pretzels with mustard. In the 1980s and 90s, nachos emerged as the, at the time, height of exotic cuisine (mmmm . . . cheese that stays liquid at room temperature with chopped jalapeños), at least by the standards of the ballpark. 

			What a difference it is today, where there are now food choices galore. At Oracle Park, should the mood take you, there are chichi wine bars pouring fine Napa and Sonoma vintages, as well as fancy sit-down establishments with a multitude of plant-based options. Although, keep in mind this is cosmopolitan San Francisco and fuelled by Silicon Valley; I’m not so sure you’ll find vegan cuisine at ballparks in less-expensive cities sprinkled throughout middle America. Even at Oracle Park you are far more likely to find ridiculously pimped-up versions of ‘old-school’ standard ballpark fare. For instance, from the El Gigante Nacho Cart you can get Jerk chicken or beef chilli nachos, not served in a cardboard container, no no no, but served in a plastic souvenir ballcap, large enough that, after you’ve shovelled down the nachos and presumably given it a wash, you can wear it as an actual hat. Next time you get your hands on a baseball cap, just turn it over and you will see it can hold a LOT of nachos. Yet, the US is a big place with many ballparks in many cities, and this would be considered kindergarten food compared to what is available elsewhere.

			If you don’t believe me, you can visit a website that breathlessly lists ‘The 10 Most Outrageously Unhealthy Foods You Can Eat at Baseball Games Around the Country’.1 I’m a sucker for such lists. For example, at Kauffman Stadium (or ‘The K’) in Kansas City (which, by the way, is in Missouri and NOT in Kansas . . . don’t get it wrong like a certain president),2 where the Royals play, you can get a Pulled Pork Patty Melt. This is BBQ pulled pork, fried onions, oodles of cheese and bacon sandwiched between two pieces of sugar-dusted funnel cake topped with a jalapeño popper (a jalapeño chilli that has been battered and deep-fried). You will note that instead of a normal bun or bread, this heart attack on a plate is served between two funnel cakes, which, for all you non-Americans out there, is kind of a cross between a doughnut and a churro . . . it is basically sweet, deep-fried batter. For dessert, you might want to visit Chase Field in Phoenix, Arizona, where the Diamondbacks play. There you can get a Churro Dog, which is an Oreo cookie-crumb-coated churro (fried batter) in a chocolate-glazed doughnut (ummm . . . more fried batter), topped with frozen yogurt, whipped cream, caramel chocolate sauce, strawberry sauce (because one sauce is just not enough) and more Oreo crumbs. Oops, I think my pancreas may have just dissolved by simply writing that.

			On another website, this one listing ‘The Most Insanely Unhealthy Stadium Foods Ever Invented’,3 they even helpfully include calorie information . . . I mean, knowledge is power, I guess? So at PNC Park in Pittsburgh, Pennsylvania, where the Pirates play, you can get a Brunch Burger, which sounds innocent enough, until you realise it is a beef burger, with bacon, a fried egg and cheddar cheese between a doughnut with sugar sprinkles. This will set back the bank account of your waistline 900 calories. Just as an aside, what is up with ballpark food and using fried sugary batter as a bun? What is wrong with a regular bun? Or, if you are feeling in a particularly decadent mood, maybe even a brioche bun?

			At the Great American Ballpark in Cincinnati, Ohio, where the Reds play, you can get yourself a Meat-lover’s Hotdog. Once again, don’t be fooled by the innocent-sounding name, because what you get is a quarter-pound hot dog wrapped in bacon that has been deep-fried (yup, Scotland, we’ll take your deep-fried Mars bar and raise you a deep-fried bacon-wrapped sausage) and topped with beef chilli, cheese and fried salami. The calorie-count for this single sandwich? 1400 calories.

			Finally, at Nationals Park in Washington DC, where the Nationals play, you can treat yourself to a StrasBurger on game days. This is an eight-pound (!!) burger, with all of the usual burger accoutrements, served with a bucket of French fries and a whole pitcher of soda. A staggering 10,000 calories, folks. Keeping in mind that the recommended daily intake for an average female is 2000 calories a day, and 2500 calories for the average male. OK, I presume this is meant for sharing . . . but still!

			As you are wiping the drool off your face, here are a couple of questions for you food voyeurs. First, while clearly none of the foods I have described above are going to make it onto a weight-loss plan any time soon, are any of them actually intrinsically bad for you? And second, does the provision of calorie-counts help inform, in any way, which of the foods are better or worse for you? Is the 1400 calorie Meat-lovers Hotdog worse for you than the Brunch Burger, which only comes in at a slender 900 calories? If you are someone who counts calories, then the answer is, of course, yes! Five hundred calories worse for you, clearly!

			But is it though? In reality, how useful is it to know how many calories there are in a given item of food? If there are more calories in one than another, does that mean it is worse for you? Are foods with fewer calories automatically better for you? Are all calories equal?

			what is a calorie?

			First things first, what is a calorie? Well, in the simplest terms, a calorie is a unit of energy. To be more specific, it is the amount of energy it takes to heat up 1 millilitre of water by 1oC at sea level. But, confusingly, these are almost never the calories we are referring to when we speak about them in relation to food. Rather, the Calories we are talking about when it comes to food begin not with a small ‘c’, but a big ‘C’ . . . no, I am not making this up. A big or capital ‘C’ Calorie is the amount of energy it takes to raise 1 litre of water by 1oC at sea level. Because there are 1000 millilitres in 1 litre, a Calorie can also be referred to as a kilocalorie, or a kcal for short. You will see this used on the packaging of food to indicate calorie-counts; so the nutritional information on a Mars bar, for instance, will say 228kcals. The problem of course is that while in writing this might be clear (although only barely), when one says the word ‘calorie’ out loud, it doesn’t matter whether it is spelt with a small ‘c’ or a big ‘C’, it is still pronounced ‘calorie’.

			Another piece of information that you will notice on the nutritional panel of most packaged food is the number of kJ, or kilojoules. A joule is the amount of energy required to make a mass of 1 kilogram accelerate at a rate of 1 metre per second every second (1kg m/s-2, otherwise known as 1 Newton, after Isaac Newton) for a distance of 1 metre. What does this actually mean in real terms? Well, at sea level, gravity is accelerating us towards the centre of the Earth at 9.806m/s-2, which is what gives us our weight; in order to feel the acceleration, we just need to fall off a cliff (please, don’t)! Now, if we lift a 1kg weight 1m off the ground, we are, in essence, accelerating 1kg at 9.806ms-2 in the opposite direction to gravity (otherwise known as ‘up’). If accelerating 1kg at 1ms-2 for 1m = 1 joule, then accelerating 1kg at 9.806ms-2 for 1m = 9.8 joules. Divide 1kg by 9.8 to find out how much you would be able to lift with 1 joule and you’ll find it is 0.102kg, or 102g. So in the real world, 1 joule is the amount of energy it takes to lift 102 grams up 1 metre at sea level, on Earth (all of these numbers would change if we were doing it on, say, Jupiter). 

			One calorie is equivalent to 4.184 joules (which most people round up to 4.2 joules), and hence 1kcal is equivalent to 4.2kJs. It is, as you can see, quite hideously complicated, which is why people very seldom, if ever, refer to kJs or kcals when it comes to speaking about food. The reality is that in normal everyday parlance, when the word calorie is mentioned, it actually refers to kcal. I am presuming that ‘calorie’ is just a whole lot easier to say than any of the other options, so it has stuck! For ease and the avoidance of confusion, I will adhere to this convention in this book. Whenever I use the word ‘calorie’ (as I did in the opening of this chapter), it is to mean the big ‘C’ Calorie, kilocalorie, kcal, 4200 joules or 4.2 kJs. 

			calories everywhere

			Calorie information is, of course, not limited to mouth-watering (to me at least, although I could easily leave out the whole ‘doughnut as a bun’ thing) and eye- (and heart- and liver- and pancreas-) grabbing stadium food. It won’t be a surprise to anyone who has ever visited a supermarket in North America, in the UK and in Europe, or in Australasia, that calorie-counts are absolutely everywhere, because nutrition labelling is compulsory on the vast majority of pre-packed foods. This includes dried products, tinned or canned goods, all manner of food in jars, pre-prepared frozen food (like frozen pizza or fish-fingers), fresh frozen food (like meat or fish) and pre-prepared ‘ready to heat’ refrigerated meals. Surprisingly, it also includes packaged refrigerated fresh meat, such as whole chicken or a joint of beef for roasting, and always includes the caveat of ‘when trimmed of fat’; I for one eat the fat, thank you (don’t judge me!). However, if these exact same products are in the ‘butcher’ section of the supermarket, and hence not wrapped in plastic (although I guarantee you that the vast majority of fresh supermarket meat arrives wrapped in plastic), then suddenly the calories are not listed. 

			I have provided examples of both UK/EU and US compliant labels below. 

			[image: ]

			The UK Food Standards Agency (FSA) and the European Commission both state that manufacturers are required to declare energy value, as well as amounts of fat (total, and with saturated fat as an individual value), carbohydrate, sugars, protein and salt, with energy value having to be expressed in both kilojoules (kJ) and kilocalories (kcal).4 The European Commission even mandates a minimum font size! Although whatever that is, it is still typically too small for my ageing eyes to decipher without the aid of bright lighting or glasses, or both. In addition, the FSA encourages the provision of ‘front of pack’ labelling, although if included, it then needs to be compliant to certain rules, and while it can complement, it cannot be used as a replacement for the compulsory back-of-pack info. It is used to highlight the apparent ‘sins’ of the food; calories, fat, sugar and salt. It comes in two flavours – in black and white, where the amount of different sins are simply indicated in kcal, kJ or grams, and in glorious technicolour, where the sins are additionally lit in ‘traffic light’ signals of green, amber or red, corresponding, in Goldilocks fashion, to low, medium or high ‘sin’ respectively. Foods will trigger the red signal if any of the components exceeds 25 per cent in 100g or 30 per cent in one ‘portion’ (depending which is larger) of the daily reference intake. For drinks, the red signal appears if criteria exceed 12.5 per cent in 100ml or 15 per cent in one ‘portion’ of the daily reference intake. In the published guidance for the scheme,5 the UK government states that the additional labelling can help consumers ‘balance their diet and control their energy intake’.
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			What I find odd, though, is that having gone through the trouble of providing detailed guidance (and it is detailed and long) about the dos and don’ts of front-of-pack labelling, they haven’t gone just one very tiny step further and made the ‘traffic lights’ part of the compliance. Whatever you might think of the traffic signals, they are, at the very least, visually effective and easy to understand, particularly on packaging that is often crowded with words, imagery and branding. Many food manufacturers go through the trouble of front-of-pack labelling, but then do it in black and white, which, to my aged eyes at any rate, makes it almost invisible. Might this be a case of a manufacturer wanting to seem transparent – to be seen to be providing as much information as possible to allow their consumers to make an informed decision – yet not give SO much information that they dissuade anyone from making a purchase? We certainly couldn’t have flashes of inconvenient red ruining the branding design . . . Not that I’m cynical or anything, of course.

			The US Food and Drug Administration (FDA) labelling scheme6 provides much the same information, with a few differences. First, instead of salt, they refer to ‘sodium’. Why? Each molecule of table salt is made of one atom of sodium and one atom of chloride, thus its chemical name ‘sodium chloride’. However, as chloride has a molecular weight about 50 per cent heavier than sodium, 100g of sodium chloride will be approximately 40g sodium and 60g chloride. So for those of you who travel from Europe/UK to the US or vice versa, it is important to remember that US labels provide for the amount of sodium present (a smaller number), and not of salt (a larger number). So 0.4g of sodium would be equivalent to 1g of salt, for example. But since the vast majority of dietary sodium is derived from salt, the information provided is still an accurate reflection of the amount of salt consumed. 

			Second, in addition to total fat and the amount of saturated fats, they also include the amount of ‘trans fats’. While found naturally in small amounts in animal fat, most of the trans fat consumed today is created by the food industry as a side effect of partially hydrogenating unsaturated vegetable oils. The reasons for partially hydrogenating oils are to increase product shelf life and decrease refrigeration requirements – a magical mix, clearly – and these oils, because they tend to be solid at room temperature, also have the right structure and consistency to replace animal fats such as butter and lard at a lower cost. The issue is, while unsaturated fats, like, for example, olive oil, are typically good for you, or certainly better for you than saturated fats, trans fats have been shown to increase risk of disease, in particular heart disease. Thus the requirement by the FDA to clearly mark how much is present in food. From April 2021 the EU will require all food to contain no more than 2g of industrial trans fat per 100g of total fat.

			Third, US labelling requires the amount of ‘added sugars’ to be separated out from total sugar in the food. Added sugars are sugars and syrups that are added to foods and drink when they are processed or prepared. Naturally occurring sugars such as those in fruit or milk are not added sugars. While chemically indistinguishable, our bodies handle the sugars that are present in whole fruit or vegetables differently from refined sugars. The presence of fibre slows the release of sugar from food, thereby reducing its caloric availability. I will discuss the role of fibre in Chapter 6, later in the book. Finally, the FDA also requires the amount of micronutrients, including vitamins and minerals, to be included.

			Then there is the question of how much exactly is ‘a serving’ or ‘a portion’. Some situations are straightforward, such as with individually portioned chocolate bars or small bags of crisps or potato chips. The issue, however, is that most foods are not sold in single-portion packages. Take breakfast cereal as an example. The recommended serving size is 30 grams. Now, unless you are having breakfast at a hotel where they provide individually packed portions, most of us buy cereal in large boxes of 600 grams or more. I serve myself Cheerios in what I consider to be a ‘cereal-sized’ bowl, and like most, if not all, of you I have absolutely no idea how much I tip in, except that it is almost certainly far more than a ‘serving’. I mean, seriously, have you seen what a pitiful amount of cereal 30 grams is? Another example is pasta. For whatever reason, the powers that be have decreed that a serving of dried pasta, whatever your favourite shape might be, is 75 grams. The problem is that pasta, certainly in UK and Europe, is sold in 500-gram packs. I don’t know anyone, at least in a domestic situation, who would weigh a 75-gram portion of pasta. I mean, how would that even work with spaghetti? Half of it would end up on the floor! Also, even if you were minded to weigh your pasta, you would rapidly realise that 500 grams divided by 75 grams is 6.66667 . . . so if you were rigidly adhering to the 75-gram portion, you would always have 50 grams leftover from a 500-gram pack. What is that all about? As with the cereal, most of us simply tip in ‘enough’ pasta, which often means a lot more than 75 grams, because otherwise you would be left with irritating half-finished packs of tagliatelle making your cupboard look messy. 

			So in practice, the nutritional info for a serving of whatever, including the all-important calorie-count, is next to useless. It is not what most people would eat on a day-to-day basis. 

			The UK government appears to tacitly acknowledge this and states that: 

			‘Generally accepted portion sizes should be used wherever possible. However, it is recognised that labelling on the basis of a consumption unit, for example a slice of bread in a loaf, is practicable for some foods where a standard portion size varies according to the eating occasion.’ 7

			That sounds pretty darn arbitrary to me. First of all, what is a generally accepted portion size? Would that be one slice of pizza, for instance? But many people might often want two slices of pizza. And crucially, what if the ‘eating occasion’, as is often the case, demands eating the whole damn pack? I require calorie information for the whole damn pack . . . Don’t make me do maths under duress!

			eating -out calories

			Most weekday mornings, I can be found at the coffee vendor on the ground floor of our building, just by the entrance to the diabetes clinic, lining up for my daily caffeine hit. Joining me in the queue will be doctors in scrubs, nurses in the middle of their shift, patients coming in for their early morning appointments and scientists like myself, waiting for their latte or cappuccino or flat-white or Americano. While we are waiting for our coffee to be carefully hand-crafted (or at least that is what the menu-board tells us is happening) and sprinkled with cinnamon or cocoa powder, we are, by design, clearly, simultaneously being tempted by the cakes and pastries on offer. I do have a weakness for muffins (white chocolate and raspberry, blueberry or double Belgian-chocolate chip, in that order of preference), and every morning I rediscover, to my horror, courtesy of a little placard, that a muffin costing £2 will set you back around 400 calories! Eek! 

			So how about calorie-counts on menus or at point of purchase? Are they also compulsory? Well, that is a far more complicated beast. While a growing number of restaurants and cafes now include this information, it is by no means universal. Since 7 May  2018, the US FDA has required calorie and nutrition information to be made available to consumers, but only in larger chain establishments8. The menu-labelling requirements apply to restaurants and other food retailers that are part of a chain with twenty or more locations. In addition, businesses must also provide, upon request, written nutrition information for total calories, total fat, saturated fat, trans fat, cholesterol, sodium, total carbohydrates, sugars, fibre, and protein, together with a statement that ‘2000 calories a day is used for general nutrition advice, but calorie needs vary’. All of this is consistent with the information that has to be provided on pre-packaged food.

			In the UK, voluntary menu labelling was included as part of the government’s 2011 ‘Public Health Responsibility Deal’.9 So any menu labelling that we currently see in the UK (at time of writing) is still just that, voluntary. Most of the big American chains that trade in the UK, presumably because they are mandated to provide the information in the US, now also provide calorie and other information here in the UK. More recently, the UK government, as part of their childhood-obesity plan, has been consulting on making menu labelling mandatory. In an interview for the Telegraph Caroline Cerny, Obesity Health Alliance Lead, said: 

			‘This cannot be a piecemeal, voluntary approach – calorie labelling should be mandatory for all restaurants, cafes and takeaways, with no exemptions, to create a level playing field and ensure people are able to make informed choices about the food they eat, wherever they choose to eat.’10

			In January 2019, the food-delivery giant Deliveroo who, to those who aren’t familiar with their business model, don’t produce any food themselves but deliver food for other purveyors, made a significant intervention. They convinced an initial 500 restaurants offering takeaways on their web platform, including most of the big beasts and household names, to provide nutritional information, including calorie-counts, at the point of order. In addition, all 17,000 restaurants that use the portal were urged to follow suit. 

			The company said it aimed to ‘dispel the myth’ that takeaways could not be healthy. Will Shu, founder and chief executive officer of Deliveroo, said: 

			‘Deliveroo’s outlook is simple: the way to eat healthy is by having more information and more selection.’11

			Tam Fry, from the National Obesity Forum, said: 

			‘(Customers) want to know more about what’s coming to them and adding calorie labels is a good start. The cynic will argue that Deliveroo is acting before government makes calorie labelling mandatory, but that’s immaterial.’12

			That may very well be true. However, a poll of more than 2200 British adults, albeit commissioned by the company themselves, found that nearly 54 per cent said yes to the question ‘Would you like to see more information on the calorie content of the food you order for delivery from restaurants and takeaways?’13 So in addition to keeping one eye on the inevitable, there does also appear to be demand, and therefore a cold, hard business case for their manoeuvre.

			There has, however, been pushback from the restaurant industry, including, oddly enough, from Deliveroo themselves. They, together with the industry as a whole, are arguing that while larger chains with standardised menus would have no problems providing calorie and other nutritional information (hence the FDA’s approach), this would be very difficult indeed for independent businesses, from cafes or pubs to fancy Michelin-star restaurants, where menus often change frequently, sometimes even daily. This is a fair point, I feel, because measuring the calorie content of food is no easy task.

			It does beg the question, though, as to how exactly the caloric content of all these food items is measured?

			antoine lavoisier

			Before we can answer the question effectively, we need to first meet the French aristocrat and scientist Antoine Lavoisier. Lavoisier, whose father was a lawyer and mother an heiress to a butchery business, was born into privilege on 26 August 1743 in Paris. Sadly, his mother died when he was only five years old, leaving him a large fortune in the process. While Lavoisier initially followed his father’s footsteps, studying and qualifying in law, he eventually turned to science, and is now recognised as one of the fathers of modern chemistry.14 

			Amongst his many achievements, Lavoisier demonstrated that while matter can change its state in a chemical reaction, the total mass of matter at the end of the reaction remains the same as when it started. For example, a piece of wood that is burning might appear to be losing mass as it turns to ashes. Lavoisier showed, however, that if you burnt the wood in a sealed container, capturing all of the released gases and other products, then the total mass remains unchanged. In one of his more remarkable experiments, he managed, by using an enormous magnifying glass to focus the sun’s rays, to vaporise a diamond (!!) within a sealed container (clearly when we were kids, and using our puny hand-held magnifying glasses in an attempt to melt our toys or set twigs on fire, we were simply not thinking big enough!). What he found out was that whether the diamond was in solid form or vaporised into a gas, it still weighed the same. He also found out that when charcoal was burnt in a similar fashion, the same gas was produced. From these experiments he concluded that diamond and charcoal were different forms of the same material, which he named ‘carbon’, and the gas that formed after both were burnt was later realised to be carbon dioxide (CO2). Lavoisier wrote in his influential textbook Traité élémentaire de Chimie (Elements of Chemistry) that ‘in every operation an equal quantity of matter exists both before and after the operation’,15 defining the law of conservation of mass for the first time. 

			In addition to carbon, Lavoisier recognised and named a number of other elements, including oxygen and hydrogen. He demonstrated that water was not an element, which it had been thought to be for more than 2000 years, by burning oxygen and hydrogen gas together to form pure liquid H2O. Hydrogen in fact, to all you classicists, means ‘water generator’ in Greek. This work eventually played a key role in discarding the ancient concept of the four primal elements, Earth, Wind and Fire (not just the best disco funk band ever), together with Water, and opening up the modern definition of ‘element’ – substances that could not be decomposed into simpler substances by any known chemical means – and eventually the development of the periodic table of elements.

			Lavoisier also discovered something critical that (as with many important and fundamental observations) seems plainly obvious to us today: oxygen was required for the process of burning. In experiments where he subjected certain chemicals, such as phosphorus or sulphur, to combustion, he found they combined with air as they burnt, actually gaining weight during the process. And of course in the remarkable diamond-burning experiment above, he also managed to even combine carbon with air. While Antoine now realised that combustion had to involve air, the composition of air was still a mystery. 

			In 1774, Lavoisier met with the English ‘natural philosopher’ Joseph Priestley in Paris. Priestley described to Lavoisier how, when he heated the compound mercury calx (a red powder we now know to be mercury oxide), he collected a gas that caused a candle to burn more vigorously, and that he believed that this ‘pure air’ enhanced respiration. Lavoisier’s curiosity was piqued, and he went on to not only repeat Priestely’s experiment with mercury calx (oxide), but also with a number of other metal oxides. Lavoisier eventually concluded that air was formed of at least two components; one part that could combine with metal or other substances, and when released was breathable and could support respiration (forming 21 per cent of air); and another that was not breathable, supporting neither respiration nor combustion (forming 79 per cent of air). Because Lavoisier found that most acids contained this breathable air, he called it oxygène (oxygen), from the Greek meaning ‘acid generator’. The non-breathable fraction of air we now know to be composed almost entirely of nitrogen gas, with a little dash of carbon dioxide and trace amounts of other more exotic halogen gases. 

			the dawn of calorimetry

			As if burning diamonds, discovering the chemical composition of water and describing oxygen was not enough, Lavoisier made another intellectual leap; he suspected that combustion and respiration were chemically one and the same process. Of course, coming up with a theory or hypothesis is one thing; trying to demonstrate it is another thing entirely. Lavoisier took inspiration for his demonstration attempts from the work of Joseph Black.

			In 1761, Joseph Black, a Scottish scientist, introduced the concept of latent heat to the world. Everyone (all living creatures, in fact) is familiar with the concept of direct heat; you touch something hot, it burns your fingers, and you don’t do it again any time soon. Latent heat, however, is something that can’t be measured with a thermometer. Melting ice, for instance, absorbs a large amount of heat without actually increasing in temperature, staying as it does at 0oC. The same is true during the evaporation of water, a process that also absorbs a huge amount of heat without changing temperature. When the process is reversed and water freezes, or vapour condenses, this ‘latent heat’ then returns to the environment. Thus latent heat is the heat required to induce a change of state, in water or otherwise, where a solid becomes a liquid or a liquid becomes a gas.

			Lavoisier used the principle of latent heat, with the help of his colleague Pierre-Simon Laplace, to develop the first instrument capable of quantitatively measuring the heat given off a living creature, initially a guinea pig.16 This consisted of a chamber with two outer rigid jackets. The outermost jacket was filled with snow and acted as an insulating layer for the whole contraption, to protect it from changes in the ambient temperature. The inner jacket was then filled with ice, and had a funnel with a tap at the bottom, to let out melting water. The inside chamber contained a hanging basket in which to place the guinea pig, so that no part of the animal actually touched the walls of the chamber, and had plumbing to allow air to be piped in and out and be analysed. As the guinea pig breathed, converting oxygen to carbon dioxide, it also gave off heat, slowly melting the ice in the inner jacket, with the volume of melt-water over time acting as a proxy for the amount of heat given off. Each kilogram of melted ice-water represented the equivalent of 80kcals of heat (the measure of a kcal as a unit of heat was to come later) given off by the animal. With this ingenious contraption, Lavoisier and Laplace measured the amount of carbon dioxide and heat given off by a guinea pig as it breathed. They noted that, in ten hours, the guinea pig melted 0.37kg ice, thus producing the equivalent of 29.6kcal heat (0.37kg x 80kcal heat/kg). Remarkably, they found the amount of heat produced to be comparable to when they burnt enough carbon to produce exactly the same amount of carbon dioxide as had been exhaled by the guinea pig. Lavoisier surmised, pretty accurately, as it turns out, that the food eaten by living creatures was ‘burnt’ or ‘oxidised’ by the oxygen being breathed in, resulting in the release of carbon dioxide and heat. Thus Lavoisier concluded that respiration was indeed a form of combustion, very much like a burning candle. Lavoisier called his instrument a ‘calorimeter’, derived from the Latin word calor, for heat (yes, that is also where the gas supplier here in the UK gets its name from) and the Greek word μέτρον (metron), for measure. 

			In 1789, Antoine Lavoisier published his landmark textbook Traité élémentaire de Chimie (Elements of Chemistry), which arguably launched the modern era of chemistry. Perhaps the most striking feature of the text was its Table of Simple Substances, the first listing of the recently discovered elements. In unfortunate timing for Lavoisier, 1789 also saw the beginning of the French Revolution and the storming of the Bastille. Lavoisier, an aristocrat and nobleman if you recall, complained in 1790 (with the crystal clear 20/20 vision of hindsight, perhaps a tad foolishly) that ‘the state of public affairs in France . . . has temporarily retarded the progress of science and distracted scientists from the work that is most precious to them’. 

			A few years later, he was arrested during the so-called la Ter- reur or Reign of Terror, the period following the creation of the First French Republic, when many public executions took place against the background of revolutionary fervour and unfounded accusations of treason. On the morning of 8 May 1794, Antoine Lavoisier was tried and convicted for ‘conspiracy against the people of France’, and was sent to the guillotine that very afternoon. 

			Charles Dickens wrote in A Tale of Two Cities, ‘Liberty, equality, fraternity, or death; - the last, much the easiest to bestow, O Guillotine!’ 

			Indeed. Or as Joseph-Louis Lagrange, the mathematician and a close friend of Antoine Lavoisier’s, observed sadly, ‘it took them only an instant to cut off that head, and a hundred years may not produce another like it’.17

			the bomb calorimeter

			It is interesting that throughout his career, while Antoine Lavoisier introduced many new words, terms and concepts, ‘the calorie’ was not one of them. He got close, I guess, with his papers referring to calorique (caloric) and chaleur (heat) but never to ‘the calorie’ as a unit of heat. It wasn’t until thirty years later, in 1824, in the journal Le Producteur, that French physicist Nicolas Clément became the first person known to define and utilise the Calorie as a unit of heat.18 His calorie was a big ‘C’ Calorie, the modern kilocalorie or kcal, and the definition eventually entered the French dictionaries in 1842. 

			In the intervening years, the use of calorimetry as a research tool, in physics, chemistry, engineering, as well as in the field of human nutrition and metabolism, continued to be developed and improved. Then in 1878, in a military munitions research facility in Paris, the chemist Paul Vieille developed the first ‘bomb calorimeter’. While initially designed for measuring the amount of heat that explosives gave off (Paul Vieille would eventually go on to invent modern ‘smokeless’ gunpowder in 1884), nutritional chemists soon began to realise that they could use it for food. Crucially, as long as they could get the item to combust completely, they could then measure the total amount of calories in any given food.  

			A ‘bomb calorimeter’ is about as violent and unsophisticated as its name suggests. You place a small amount of an item of food onto an open capsule in a sealed container, which is highly pressurised with pure oxygen (typically at thirty times the pressure of air at sea level; no prizes for guessing why it is called a ‘bomb’). Platinum wires inside the bomb hold the capsule in place and also conduct an electric current for igniting it, burning everything to an absolute crisp; you are literally carbonising the food. Because the ‘bomb’ is sealed, nothing escapes, and all of the heat given off during the burning process is captured by a surrounding jacket containing a known volume of water. The resulting increase in water temperature in the jacket is then used to calculate the amount of energy or calories contained within the item of food, which is released during the combustion process. Unlike in the ice calorimeter described above, which measures latent heat through how much ice melts, food, when burnt to completion, releases an awful lot of direct heat, and the resulting temperature change can most certainly be measured with a thermometer. And just in case you were wondering, food that is too wet to be burnt, like soup or milk or fruit, for instance, needs to first be desiccated. As water contains no calories, removing it doesn’t impact the calorie-count. 

			So, going back to the question of how the caloric content of food items is measured, the answer is that even today, the bomb calorimeter remains the most accurate method of determining the total caloric content of food.

			That being said, and as I mention in the introduction: 

			A –	The number of calories actually in the food ≠

			B –	The number of calories on the side of the pack ≠

			C –	The number of usable calories we finally get out of the food

			While in this first chapter I have explained how the ‘bomb calorimeter’ gives us the answer to ‘A’, it still doesn’t explain how we get to ‘B’. To do that, we need to meet an American with the most American-sounding of names – Wilbur O. Atwater – and to do that, we need to go to Chapter 2. 

		

	
		
			CHAPTER 2

			The Atwater factor

			‘We live not upon what we eat, but upon what we digest.’ 

			Wilbur Olin Atwater, 1906, from Principles of Nutrition and Nutritive Value of Food 

			Bottisham is a bustling village about seven miles east of Cambridge, and it was where I lived with my family for more than fifteen years. While the city of Cambridge, with students and academics from all over the world, is relatively cosmopolitan, you don’t have to go too far out to find villages where the vast majority of inhabitants are white Caucasian. Bottisham in 2001, the year we moved there, was one of those villages. The ‘cultural colour’ came from the guys who ran the curry house (previously The Bottisham Tandoori, now Classic Spice) and the couple who ran (and still run) the Chinese/fish and chip takeaway, Jasmine. When we first moved to Bottisham, my wife (Jane) and I really stood out; on one hand because I was the third Chinese person in the village, and on the other because Jane (who is white Caucasian) and I are a mixed-race couple. Just to be clear, it wasn’t in any way an unpleasant experience, it was just odd because it seemed that while we knew nobody in the village, everybody appeared to know us! And everyone was so friendly. We would walk down to the corner shop and get greeted multiple times, ‘Hi! You must be the new doctors in the village! Welcome!’ 

			Jane and I have PhDs and are not medical doctors, but I’m not sure that this distinction was clear (or mattered) to anyone in the village at the time.

			Twenty years on and so much has changed. Cambridge has grown even more cosmopolitan, and this has crept outwards, engulfing Bottisham. Now no one would bat an eyelid if anyone of any range of colour or creed, Filipino healthcare workers, Polish baristas, American air-force personnel or bald Chinese geneticists, walked to the corner shop. 

			Even though we moved to an adjacent village a few years ago now, I still go back every Friday evening, the one night of the week I don’t tend to cook, for either a curry or Chinese takeaway, as I did for the entire fifteen years I lived in Bottisham. I am a man of habit (as Jane will attest to with a heavy sigh) and I order pretty much the same thing each time. From Classic Spice, it will always be a king prawn curry of some description (a jalfrezi or a madras, for example), while from Jasmine it will be a king prawn fooyung (a Chinese omelette dish) and a chicken chow mein. Jane and my son, far more adventurous than me, clearly, actually have different dishes each time (the horror). Oh, and by the way, because these are small independent establishments, they do not provide caloric information on their menus. The routine is for me to place my order, and then during the thirty minutes or so it takes for the food to be prepared, I wander over to the village pub, The Bell, for a drink. 

			The Bell is a typical small English village pub. Exposed beams, dim lighting, red velvet chairs, with a dartboard at one end of the room. The proprietor is a lady named Donna with a loud shrill voice that easily cuts through the din of a typical Friday evening. And every single Friday without fail, just as I walk in the door, Donna will holler,

			‘’Ello, daarlin’! How are ya! Busy busy?’

			To this day, every time this happens, I feel like I’m on the set of a sitcom, with the same regulars sat in their same spots, drinking the same drinks. And I, as a regular on this particular sitcom, always have the same thing as well (yet another heavy sigh from my wife): a pint of lager and a pack of pork scratchings. Now, pork scratchings are, shall we say, not a health food; they are fried pork rinds (don’t judge me), and are an English bar-snack staple. They are probably not great for my arteries, nor my teeth, for that matter, crunchy as they are, but boy do they taste good with a cold beer. 

			On this particular Friday evening, I was in the middle of researching for this book, so I studied the pack closely as I crunched away. There was no front-of-pack labelling that I could see, so I flipped it over and squinted at the typically microscopic text providing the nutritional information on the back. I have to say, given that I was eating fried pig skin with a generous layer of fat (once again, it’s not polite to judge), I wasn’t particularly hopeful. The energy content for each 70-gram pack was 1832kJ or 440 calories, coming almost entirely from 32.6 grams of fat and 34.2 grams of protein, with a smattering of carbs. Hey, at least I was eating more (ever so slightly) protein than fat!

			But as I’ve said, the listed energy value does not represent the actual number of calories locked up in the food. So where exactly does the 440 calories value on the back of the pack of pork scratchings come from? 

			‘a calorie is a calorie’

			After the bomb calorimeter was invented in France in 1878, it was German scientists that really pioneered and developed its use in nutritional science. It wasn’t, however, human nutrition that drove the science, at least not initially. Rather, it was the nutrition of agricultural animals. This made perfect sense because farmers, then and now, were naturally interested in how much and what to feed animals in order to maximize the resulting quality and quantity of meat.  

			Max Rubner was one of the key early protagonists researching the energetics of metabolism. Rubner attended university in Munich, where he started his career as a young scientist in the lab of the chemist Carl Voit (who was at the time using calorimetry to study animal respiration and nutritional balance), before moving on to become a professor in Marburg.1 It was Rubner who was mainly responsible for adapting the bomb calorimeter for use in determining the energy content of different foodstuffs, and also for refining methods for measuring mammalian energy output. He was one of the first to define daily energy intake and output in terms of calories. His research centred on what he had termed the ‘isodynamic law’ of calories: it didn’t matter whether a calorie was derived from protein, fat or carbohydrates, it was mutually interchangeable in the body when it came to energy balance. This is often succinctly paraphrased as ‘a calorie is a calorie’.2 

			Rubner also built the world’s first ‘self-recording’ whole-body calorimeter. He used it on a dog to show that whatever it ate and breathed in was used to keep the body running, producing, as a consequence, heat and waste, whether solid, liquid or gaseous; like the exhaust coming out the back of a vehicle. Everything that went in = everything that came out, with no loss of energy. Thus Rubner demonstrated that the first law of thermodynamics (that energy can be neither created nor destroyed, just transformed) applied not only to steam engines and other inanimate machines, but to living organisms as well. We will revisit this aspect of Rubner’s work in Chapter 4.

			Then in 1882, Wilbur O. Atwater, a professor of chemistry from Connecticut in America, visited Voit’s laboratory in Munich and conducted postdoctoral studies along with Rubner. Atwater became fascinated by Voit’s and Rubner’s work on calorimetry, so much so that it ended up changing the trajectory of his entire career, and, as it turns out, how all of us view calories today.3

			atwater and the american agricultural experiment station movement

			Wilbur Olin Atwater, the son of William Warren Atwater, a Methodist clergyman, and Eliza Barnes Atwater, was born in Johnsburg, New York on 3 May 1844.4 He received his bachelor’s degree from Wesleyan University, in Middletown, Connecticut in 1865, and obtained his PhD in Agricultural Chemistry from Yale University in 1869. Atwater then spent two years in Germany, in both Leipzig and Berlin, where he was fascinated to be introduced to the concept of the Landwirtschaftliche Versuchsstationen or Agricultural Experiment Station. These were scientific institutes specifically set up to improve agriculture and food production. The Leipzig station, for example, was the oldest and the first of its kind. It was set up in 1850 to, amongst other things, investigate conditions of plant growth, such as that of soil and fertilisation; analyse plant feed and its effects on the final animal products; make meteorological observations; cultivate and maintain rare plants; and test new agricultural technology.

			Atwater went back to the US in 1871, briefly teaching at universities in Tennessee and Maine, before returning to his alma mater, Wesleyan, to become a professor of chemistry in 1873. It was a position Atwater was to hold for the next thirty-four years, till his death in 1907. Once ensconced back in Connecticut, his experience in Germany continued to be a great influence on his career. In 1875, due in no small part to Atwater’s lobbying and persistence, the state of Connecticut set up the first Agricultural Experiment Station in the US, and he was made its first director. During his two-year tenure, Atwater worked on varied projects including, for example, investigating and testing fertiliser. 

			Interest in the German experiment-station concept spread rapidly and then the passage by Congress of the Hatch Act of 1877 made possible the establishment of such a station in every state. Atwater was duly appointed the first director of the Office of Experiment Stations, established in the Department of Agriculture, a position he occupied for two years. In addition, the state of Connecticut actually received funding for two stations, the original one that had earlier, in 1877, moved to New Haven, near Yale University, and a new one in Storrs, a small place some forty miles north-east of Wesleyan University. Not that he didn’t already have enough to do, but in addition to his national administrative role, Atwater was also made director of the Storrs station; this became his day job, so to speak, and was a position he would keep for the next fourteen years. It was at Storrs that Atwater truly made his mark on nutritional science. Elsie Widdowson, the doyenne of British dietetics and nutrition, wrote in a review in 1955:

			‘I think I can safely say that Atwater has contributed more to our knowledge about the assessment of the energy value of human foods than anyone who has ever lived, either before or since his time.’5

			Widdowson believed it so strongly that she said it again thirty-one years later, this time in a personal tribute to Atwater that she penned in 1986.6 The fact of the matter is that Widdowson’s statement is still true today, with Atwater’s work continuing to influence every single calorie-count that we currently see around us. 

			atwater and the bomb

			Atwater’s work at Storrs was clearly inspired by his earlier visits to the German Experiment Stations and latterly his time in the lab with Voit and Rubner. He saw the need to provide more information on the composition of American foods, and was convinced that better knowledge about nutrition was critical to ensure the health of the population. He wrote: 

			‘Until about the year 1880, those who wished to know about the chemical composition and nutritive values of food materials were compelled to depend upon analyses of European products, and most of those analyses had been made in German laboratories.’7

			By the time the Storrs station was set up in 1887, Atwater was already some way into developing bomb calorimetry methods for the analysis of food. 

			Here’s the thing about a bomb calorimeter, though – while it is undoubtedly effective in calculating the gross energy value of a given food, it is, as the name suggests, an extreme environment. The atmosphere within the sealed container where the food is burnt, the eponymous bomb, is pure oxygen pressurised to 30atms or thirty times the pressure of air at sea level. For comparison, your typical car tyres are only pressurized to 2.2atms. The high-pressure oxygen ensures everything burns quickly and to completion, making sure that every single calorie is accounted for. Living beings, however, are not bomb calorimeters. The biological process of food digestion within humans, say, is a little gentler. Apart from a bit of chewing at the very beginning, digestion is, by and large, a series of chemical reactions, accelerated by biological catalysts called enzymes. Don’t get me wrong, it is still quite a harsh process – you wouldn’t want to stick your hand into your stomach juices, for instance, as they bear an uncanny resemblance to battery acid – but it isn’t anything like a bonfire. As a result, depending on its structure and content, how it has been processed, as well as who or what is eating it and performing the actual digestion, each item of food will have a different caloric availability. This is a critically important concept to grasp. Caloric availability is the amount of calories that can actually be extracted during the process of digestion and metabolism, as opposed to the total number of calories that are locked up in the food.

			If you ate 100 calories of sugar, say, you would extract well over 95 per cent of the energy. Sugar is, after all, our basic unit of fuel. What happens, however, if we eat 100 calories of sweetcorn or corn-on-the-cob? We might well have chewed it and swallowed it, and even given a good go at digesting it, but, if we peeked down as we sat on the loo the next morning, it would be quite obvious that we had absorbed nowhere close to 100 calories of energy from the corn. A large part of it would have passed through us undigested. Consider, though, if the same amount of sweetcorn had instead been desiccated, ground into corn meal, mixed with some water and then made into corn tortillas or cornbread. All of a sudden, a far larger fraction of the energy tied up in those yellow kernels is accessible by the body. Thus, sweetcorn kernels, corn tortillas and cornbread all have very different caloric availabilities, even if we eat 100-calories’ worth of each.

			This was a concept that both Rubner and Atwater were familiar with. Trying to come up with a method for calculating caloric availability, however, was a far more complicated process. It ended up involving burning loads and loads of food in a bomb calorimeter, and more critically, the careful study and analyses (and often burning) of copious amounts of human pee and poop (ick!), over many years. 

			Some folks get all the fun jobs. Clearly.

			determining the caloric availability of food

			At the beginning of his landmark publication Principles of Nutrition and Nutritive Value of Food, Atwater wrote:

			‘The chemical substances of which the body is composed are very similar to those of the foods which nourish it. They are made up of the same chemical elements, and hence the two may be discussed together.’8
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