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The discovery of a new dish confers more happiness on humanity than the discovery of a new star.

—Jean-Anthelme Brillat-Savarin, Physiologie du goût, 1825
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Preface

Ten years ago, when we first dreamed of a Science and Cooking course at Harvard University, I dared to predict that we were at a historic moment. A decade later, this project has enjoyed an enormously fruitful continuity, such that it is now reflected in the book you are currently reading. The initial idea for this interesting synergy was very clear: since cooking is something familiar to everyone, it is an ideal way of motivating students into learning physics concepts such as phase transitions, emulsions, electrostatics, polymer structures, elasticity, and heat transmission. Add to this process chefs like yours truly, and the results could be inspiring.

Aside from gaining satisfaction and pride from my initial prediction, I’m pleased to see that the pursued objectives have been achieved. The scientific concepts mentioned above are now gathered almost entirely in the pages of this book, and the chef recipes add an inspiring, experimental component that helps explain the science. What’s more, the different chefs who have been participating in the Harvard course over these ten years have found a space in which to pose inquiries and bring up some of the challenges encountered in the kitchen. The lab gives us a way to express new ideas that we would like to develop, all of which requires scientific knowledge and research.

For our part, these scientific questions had been with us in the chef community for some time. The incorporation of science into elBulli’s creative system came about explicitly when, at the beginning of this century, two scientists, Pere Castells and Ingrid Farré, joined the kitchen team as direct collaborators. It was what we called elBullitaller’s Scientific Department, which yielded very interesting results, although surely more from a culinary than a scientific perspective. After some time, this attitude of scientific interest led to the creation of the Alícia Foundation, which in a way represented the desire to professionalize this dialogue between cuisine and science. Then, Harvard categorically opened the doors to an even more open dialogue when they approached us about the course. This has been a bidirectional conversation from the beginning, which I believe benefits both parties. On the one hand, gastronomy has facilitated the understanding, or at least the explanation, of the physicochemical reactions that take place in the kitchen. On the other hand, science has found, or so I like to believe, a new way to convey a diverse set of concepts, from the perspective of its more practical application. With this symbiosis, gastronomy gained access to knowledge, both to understand and to develop new sensory experiences in the tasting, while at the same time it became a promising new creative tool for science education.

Combining science with cooking, and learning from their respective viewpoints, establishes a very fruitful dialogue. Although we have been cooking and searching for universal knowledge for millennia, these exercises have intersected only sporadically in human history. The turning point likely came in the last quarter of the twentieth century, when a group of scientists started experimenting with what they called molecular gastronomy: a scientific attempt to explain why different reactions take place to make a series of culinary preparations possible.

Importantly, understanding the composition of the products and the reactions produced by culinary techniques has been beneficial beyond improving haute cuisine and dining experiences. It has also made it possible to better determine why certain allergies and intolerances occur—this is a phenomenon of growing importance for society in general, and catering in particular, often to the extent that certain tables will require different menus. Furthermore, advanced knowledge of products and preparations not only allows us greater innovative and creative ability, but being aware of everything that can happen on the microbiological scale also contributes to achieving increased food safety and hygiene.

All of these aspects, and many more, have been addressed for the last ten years in the Harvard course, and the majority of them are included in this book. The authors aim to contribute to the general public’s understanding of the connections that have historically taken place between science and cooking, and the current state of these collaborations and dialogues. However, if we consider the future, there is still much to be done. Why, for example, does Harvard—along with other prestigious universities—have a school of architecture, but not one of gastronomy? This is due to a cultural bias that needs to be corrected, and I am convinced it will be rectified in the near future, since we know gastronomy has significant intellectual potential.

At the elBullifoundation, one of the most important projects that we have been promoting for years is the deepening of this dialogue and the development of a global project to maximize opportunities and strengthen the synergy between cooking and science, always with the aim of deepening our culinary knowledge and professionalizing our discipline to the highest level. I am convinced that this commitment to knowledge has resulted in the most prepared and brilliant generation of future chefs and restaurateurs in history. I have no doubt that Harvard’s continued work in pursuit of this dialogue will enable us in the future to have chefs capable not only of understanding their trade and the history of their discipline, but also of putting into practice the links established between gastronomy and science.

Ferran Adrià




Foreword

When Ferran asked me to join him at Harvard’s Science and Cooking course almost a decade ago, we knew it was something special. Every chef who has worked with Ferran, and many others around the world, know this truth: that cooking is science and that science is cooking. Many amazing discoveries have been made in history by scientists working with food, as well as by chefs employing the scientific method. It was Nicolas Appert, a French pastry chef and chemist, who invented the process of canning in the early nineteenth century through a series of experimentations, leading to an entirely new way to safely preserve and consume food. Microbiologist Louis Pasteur’s pasteurization process revolutionized the food industry—and has probably saved millions of lives since its discovery. Recent discoveries about fermentation and preservation by places like Noma’s Fermentation Lab are leading a new revolution into the science of microbes, and may be key to figuring out how we will be feeding the next billion people on Earth.

We are thinking about scientific processes every day at my restaurant minibar, where we use physics, chemistry, microbiology, fluid dynamics, and more to create dishes that are new and interesting—and, of course, delicious. But this type of experimentation isn’t just happening at minibar. Scientific thought enters into every one of my restaurants—from how long we boil vegetables (and at what concentration of salt) at Beefsteak to the type of wood we use for smoke at America Eats Tavern to the heat diffusion in our woks at China Chilcano. When we use the term “molecular gastronomy,” we are really describing all cooking, because all of it involves the manipulation of molecules. For example, boiling, steaming, and making ice are all transformations of water molecules. Thinking about science as cooking and vice versa is crucial for everyone from the home cook to the top chef, from your stovetop to the kitchen at elBulli.

Ferran is right when he says that every prestigious university in the world should have a gastronomy school—it is important for students to have the opportunity to understand how food connects to every single part of our lives. Here we are looking at food as science, but food is also history, culture, diplomacy, national security, and much, much more. And it would make our society stronger if we all were better aware of where our food comes from and what deep impact it has on the world around us. It’s why this book—and the Harvard course on which it’s based—is such a valuable resource. Engaging for anyone and everyone, not just students of science, Science and Cooking can help readers begin making connections and building a systemic view of the fascinating world of food. This is vital for our future: the next revolution in science could very well come from a young culinary student, and on the other hand, the world of cooking may be rocked by a new discovery in quantum dynamics or astrophysics. We must learn from one another and keep pushing these conversations forward—and to me, this book is the perfect way to do so.

José Andrés




Introduction

As professors who teach physics and chemistry, we have long been motivated by the dream that anyone would want to learn science if it were placed in a compelling context. For this, what could be a better topic than food and cooking? Every day we eat; we buy ingredients and cook them through detailed protocols called recipes, and if we do everything correctly, we are rewarded with a delicious meal. Social media is full of picturesque dishes shared for others to admire. But how do these recipes really work? Cooking has long been believed to be an empirical subject—“just follow the instructions!” But in fact, there’s a reason why the recipes that we use work the way that they do—the answers are rooted in the fundamentals of physics and chemistry. We believed that by creating an environment where our students could figure out for themselves why recipes worked, they would both be empowered with skills to improve their own cooking and also gain an appreciation for the scientific method—all the while, learning some physics and chemistry. Together, we have been teaching a class called “Science and Cooking: From Haute Cuisine to Soft Matter Physics” at Harvard College for the last decade, and online through HarvardX since 2013. As more and more students enrolled both in person and online, we felt the need to share these insights with a wider audience. For this reason, we have written this book: to teach you remarkable science through simple, engaging experiments on food and cooking.

Think about it: Why do we cook chocolate chip cookies for 10 minutes and not 20 minutes? Why does steak taste differently cooked at different temperatures? Why do we knead bread? What determines the amount of egg required for making mayonnaise? Although these recipes might have been discovered empirically, the reasons for these rules are strongly rooted in science and the scientific method. We created the class together with our colleagues and friends Ferran Adrià and José Andrés, two of the most inventive chefs on the planet, both of whom dreamed that the discoveries and innovations they had used so successfully in their restaurants could inspire people to learn to think about science.

Ferran revolutionized cooking and haute cuisine through his legendary restaurant elBulli, which was widely heralded as the best restaurant in the world. He has likely invented more completely original recipes and techniques than anyone who has ever lived—ranging from hot ice cream to culinary foams to spherification and beyond. He did this by figuring out how to repurpose natural ingredients with other uses to invent an incredible array of new foods. These recipes literally deconstructed the essential elements of older recipes and rebuilt them from scratch. From the point of view of a scientist, Ferran’s reconstructions are beautiful demonstrations of the scientific method. He figures out how recipes work and then uses only the essential ingredients in the right proportions to make new dishes, even more spectacular than the originals. In reinventing these dishes, he at the same time shows exactly why the recipes worked in the first place. Ferran and José knew that the culinary innovations of the last decade were consequential, and they wanted these innovations to be featured and used in the classroom. Thus, they proposed that our Science and Cooking class should prominently feature the creations of world-famous chefs who could show their magic to our students and help us scientifically deconstruct recipes while learning science. This was a bold idea: leading universities have long supported creativity, through artists, authors, and architects. But until this class, we are unaware of an instance where novel creations in cooking were pushed to the forefront.

The first year’s roster was headed by the very best chefs in the world, including José Andrés, Wylie Dufresne, Joan Roca, Grant Achatz, Dan Barber, Carme Ruscalleda, Nandu Jubany, Joanne Chang, Carles Tejedor, Enric Rovira, Bill Yosses, and David Chang. Each week had multiple sessions: On Monday night, the visiting chef would give a free lecture to the general public in Cambridge. Lines formed for these lectures hours before doors opened, and chefs often brought an entourage to prepare culinary samples for the audience. Lectures were scheduled for an hour, but would often last for hours beyond this, such was the curiosity of the general public. On Tuesday, the visiting chef would give a version of this lecture to the Harvard class, illustrating the scientific theme of the week by cooking spectacular recipes. Samples were often served. On Thursday we would delve in depth into the scientific concepts. Each week there was also a laboratory session, in which the students would cook recipes illustrating the scientific theme of the week. They would work on problem sets, make scientific measurements on these recipes in the lab, and end by eating the result of their creation.

A major inspiration for the class was Harold McGee, the famed author of the classic book On Food and Cooking. Published in 1984, it remains the best book to explain the scientific basis of cooking. Our own copies are worn around the edges. Harold’s work is universally admired by chefs around the world, whose copies are similarly worn. We were very fortunate that Harold agreed to participate in the class from the very beginning, and has served as a mentor, a sounding board, and a source of wisdom to us ever since.

Since its inception, thousands of students have taken the Science and Cooking class at Harvard, and hundreds of thousands of students around the world have taken the online class—in Brazil, China, Britain, India, Saudi Arabia, Japan, and more. Like the class, the book is organized around scientific themes. Each chapter explains the basic principles, motivated by both common recipes and those of today’s leading chefs. There are experiments that you can do at home, but even if you don’t do them all, our hope is that you’ll join us in recognizing the remarkable science behind food and cooking. Ready? Let’s get to it!
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CHAPTER 1

What Makes a Recipe?

Science isn’t just a matter of specialized knowledge about molecules or math, it’s a way of thinking. Above all, it’s a way of thinking. It’s about observing carefully, being curious about what you see, noticing an interesting or unusual or unexpected phenomenon, and then finding ways to understand that phenomenon through controlled experiments—coming up with comparisons of different ways of doing things that teaches you something about what’s going on.

—Harold McGee

Recipes are instructions for cooking, and you are meant to follow them carefully. They give you the specific amounts of ingredients and the steps you need to take to make your dish, transforming the raw ingredients into something delicious. The process, as you’ll see, can be quite magical. Consider, for example, the sidebar with chocolate chip cookie recipes.



SIDEBAR 1: CHOCOLATE CHIP COOKIES

Standard Chocolate Chip Cookies

[image: image]

Ingredients

270 g (2¼ cups) all-purpose flour, sifted

1 teaspoon baking soda

1 teaspoon salt

225 g (1 cup, 2 sticks) unsalted butter, at room temperature

150 g (¾ cup) granulated sugar

150 g (¾ cup) packed brown sugar

1 teaspoon vanilla extract

2 large eggs

340 g (2 cups) chocolate chunks, chips, or wafers

125 g (1 cup) chopped nuts

Directions

1.Preheat the oven to 375°F (191°C).

2.Whisk together the flour, baking soda, and salt in a small bowl.

3.Beat together the butter, sugars, and vanilla in a large bowl until lightened and creamy. Add and beat in the eggs, one at a time. Gradually beat in the flour mixture. Stir in the chocolate and nuts.

4.Drop ping pong–size balls of dough onto ungreased baking sheets, using an ice cream scoop or rounded tablespoon.

5.Bake for 9 to 11 minutes, until golden brown. Cool the cookies on the baking sheets for 2 to 3 minutes, then transfer to wire racks to finish cooling.

Christina Tosi’s Cornflake Chocolate Chip Marshmallow Cookies
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Ingredients

225 g (2 sticks) unsalted butter, at room temperature

250 g (1¼ cups) granulated sugar

150 g (⅔ cup tightly packed) light brown sugar

1 large egg

2 g (½ teaspoon) vanilla extract

240 g (1½ cups) all-purpose flour

2 g (½ teaspoon) baking powder

1.5 g (½ teaspoon) baking soda

5 g (1½ teaspoons) kosher salt

270 g (3 cups) Cornflake Crunch (recipe follows)

125 g (⅔ cup) mini chocolate chips

65 g (1¼ cups) mini marshmallows

Directions

1.Combine the butter and sugars in the bowl of a stand mixer fitted with the paddle attachment and cream together on medium-high for 2 to 3 minutes. Scrape down the sides of the bowl, add the egg and vanilla, and beat for 7 to 8 minutes.

2.Reduce the mixer speed to low and add the flour, baking powder, baking soda, and salt. Mix just until the dough comes together, no longer than 1 minute. (Do not walk away from the machine during this step, or you will risk overmixing the dough.) Scrape down the sides of the bowl with a spatula.

3.Still on low speed, paddle in the cornflake crunch and mini chocolate chips just until they’re incorporated, no more than 30 to 45 seconds. Paddle in the mini marshmallows just until incorporated.

4.Using a 2-ounce ice cream scoop (or a ⅓-cup measure), portion out the dough onto a parchment-lined sheet pan. Pat the tops of the cookie dough domes flat. Wrap the sheet pan tightly in plastic wrap and refrigerate for at least 1 hour, or up to 1 week. Do not bake your cookies from room temperature—they will not hold their shape.

5.Preheat the oven to 375°F (191°C).

6.Arrange the chilled dough a minimum of 4 inches apart on parchment- or Silpat-lined sheet pans. Bake for 18 minutes. The cookies will puff, crackle, and spread. At the 18-minute mark, the cookies should be browned on the edges and just beginning to brown toward the center. Leave them in the oven for an additional minute or so if they still seem pale and doughy on the surface.

7.Cool the cookies completely on the sheet pans before transferring to a plate or to an airtight container for storage. At room temperature, the cookies will keep fresh for 5 days; in the freezer, they will keep for 1 month.

Cornflake Crunch
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Ingredients

170 g (½ of a 12-ounce box) cornflakes

40 g (½ cup) milk powder

40 g (3 tablespoons) sugar

4 g (1 teaspoon) kosher salt

130 g (9 tablespoons) unsalted butter, melted

Directions

1.Preheat the oven to 275°F (135°C).

2.Pour the cornflakes into a medium bowl and crush them with your hands to one-quarter of their original size. Add the milk powder, sugar, and salt and toss to mix. Add the butter and toss to coat. As you toss, the butter will act as glue, binding the dry ingredients to the cereal and creating small clusters.

3.Spread the clusters on a parchment- or Silpat-lined sheet pan and bake for 20 minutes, at which point they should look toasted, smell buttery, and crunch gently when cooled slightly and chewed.

4.Cool the cornflake crunch completely before storing or using in a recipe. Stored in an airtight container at room temperature, the crunch will keep fresh for 1 week; in the fridge or freezer, it will keep for 1 month. [image: image]
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We are so used to making and eating cookies that we don’t usually recognize the wondrous magic of these recipes. Think about it: we transform a set of simple, boring ingredients into a delicious morsel that looks nothing like the ingredients from whence it came. The texture, color, and especially taste are all different. What starts off as a mushy dollop on your baking sheet becomes a crisp, sometimes crumbly, sometimes soft (depending on your recipe) bite that melts in your mouth.

Much of cooking works this way. The first cookie recipe was invented about two hundred years ago—a plain, dry sugar cookie recipe with minimal fat. Over the centuries since, people have improved on the recipe—the most conspicuous improvement being the introduction of more and more fat. Today, the internet abounds with cookie recipes. (You have probably made many of them yourself.) The core principle, however, has remained nearly the same: Combine 2 parts flour, 2 parts fat, and 1 part sugar and mix well. Shape the batter into balls, bake at the right temperature for the right length of time, and voilà, you get cookies. Changing the percentages of the major ingredients means you might create an entirely different substance, sometimes even a new recipe. For example, if you use twice the amount of sugar as flour, you get brownies. When this was discovered, at the dawn of the twentieth century, it must have been a surprising and marvelous advance—bakers achieved a new texture completely different from that of cookies. Cooking isn’t an entirely static enterprise: even though cookie-making is a very old subject, sometimes modern technology makes advances possible. Our favorite example is when Christina Tosi, pastry chef and founder of Milk Bar, recently invented a novel variant on the cookie recipe in which she figured out how to use much more fat than ever before possible, with a clever use of an electric mixer; the recipe is shown in the sidebar. We will discuss her work more thoroughly in chapter 6.

If you skim through this book, you will notice that the pages contain many recipes. While it’s not required to make anything yourself to learn the science, we nonetheless encourage you to stop and make any recipe that appeals to you. This is what we often do in our Science and Cooking class at Harvard—as recipes come up, we have lab sessions in which the students stop and cook. For example, you could stop reading right now and go make the chocolate chip cookies. You can make the normal ones, then make Christina’s version, and compare them. Which cookie recipe tastes better, and why? Indeed, eating is an excellent way of measuring the differences in the recipes yourself. You can also try out new variants of the recipe to compare and contrast. This is tasty and fun, and it’s the very essence of cooking. Our recipes are for common foods that you might make every day, as well as more adventurous dishes from the most creative chefs of our time.

If, however, you find yourself constantly cooking while reading this book, please remember that this is ultimately not a cookbook. Yes, we want you to experiment with recipes. But the purpose of experimenting is to convince you that by asking the right questions, it is possible to understand how recipes work and why the instructions and amounts are chosen as they are. Recipes are not arbitrary. In fact, the instructions and amounts are strongly rooted in scientific principles. While many recipes were discovered by accident, they also come with years and generations of tweaks. Like much of science, there is much about even common recipes that we do not understand. Nicholas Kurti famously stated, “I think it is a sad reflection on our civilization that while we can and do measure the temperature in the atmosphere of Venus, we do not know what goes on inside our soufflés.” Despite the rise in scientific approaches to cooking, the situation is not much better today.

But if we proceed with curiosity and humility, and ask the right questions, we can unravel the mystery that a recipe holds and understand why it is designed in the way that it is. Sometimes it will turn out that the scientific underpinning of a recipe is easy to figure out; other times it will turn out to be more complicated. But in either case, we will show you that by asking the right questions and using bits of science, it is often possible to get to the heart of a recipe. This will make you a better chef, enabling you to recognize themes that come up again and again throughout cooking. It will make you understand how dishes that appear completely different (for example, al dente pasta and a medium-rare steak) can have deep scientific similarities. It will also enable your own creativity in the kitchen, by making you think about how subtle changes can make a big difference.

The underlying goal of this book goes far beyond cooking. Being curious, and learning to ask the right questions to deconstruct a complex process, is at the heart of science and the scientific method. A large part of being a scientist is having the courage to ask hard questions, the humility to admit when you are wrong, and the doggedness to find the answers, by hook or by crook. And as in all things in life, when you don’t succeed, try again. Even the simple and classic problem of the chocolate chip cookie has proven remarkably difficult to crack. Nonetheless, this is an attitude that will improve your own cooking—and also give you a window into how scientists actually work. It is important to emphasize that you do not need to be a professional scientist to have the curiosity to ask why, and to use the resources at hand to ask questions and find answers.

Deconstructing Recipes

How do we go about deconstructing a recipe? Let’s consider the case of the chocolate chip cookie. Every recipe has two basic parts: the ingredients and the cooking process, known as the method. The crux of understanding a recipe is to determine how the process transforms the ingredients into a substance with a completely different character. For chocolate chip cookies, we start with a bunch of powders (flour, sugar, salt), some liquid (in the form of eggs), and some fat in the form of butter. Then by combining them according to the right process, we arrive at cookie dough—a substance whose properties differ from the ones we started out with. You can stretch cookie dough, make it into balls and squish them, and even play catch with it. Try to do the same thing with any of the initial ingredients. It just won’t work. The dough also tastes much better than the raw ingredients. When you put it in the oven, it transforms again, this time into a foamy solid with a satisfying texture. These transformations result from the choices that we make regarding the process and the ingredients.

To deconstruct a recipe, we must first understand what the ingredients are made of. For most foods, you could find this out quite easily by simply looking at the nutrition label, showing how much fat, protein, and carbohydrates are in the food. This is important because from a caloric standpoint, fat contributes 9 Calories/gram, while protein and carbohydrates contribute 4 Calories/gram. Thus, if you are calorie counting, it is best to limit your fat intake.

But this crude characterization misses the most interesting point. Fats, proteins, and carbohydrates are molecules, with shapes, sizes, and properties that are quite different from each other. A key question in understanding a recipe is to figure out the molecular transformations of the ingredient molecules, why the transformations occur, and how they affect the final product. In this book, we have a mantra that we will follow again and again:

Understanding a recipe requires understanding how the ingredient molecules are transformed into the molecular structure of the final recipe.

Arguably, the most important characteristic of a food is the way we perceive it when we eat it. Optimizing our experience with food is the reason we spend so much effort cooking it. There are two aspects of our sensory experience: texture and flavor. Imagine eating a wet cookie—the flavor might be right, but you won’t like it. At the same time, imagine eating a burned cookie. The texture could be perfect, but you will spit it out. A fascinating fact is that the molecular properties that lead to texture and flavor are entirely different and largely come (with a few important exceptions) from different types of molecules. In this book we will refer to these different molecule types as “texture molecules” and “flavor molecules.” We will see when we examine recipes that they behave quite differently; indeed, the requirements for producing outstanding flavor and texture are part of what makes good cooking so difficult.

Before we proceed, and since we’re on the topic of molecules, a word about “molecular gastronomy.” This has been a trendy but sometimes pejorative term that has been levied at the most creative chefs of our time. These chefs indeed work with molecules, and they became famous for discovering entirely new natural ingredients and processes for changing flavor and texture. We will discuss some of their discoveries in this book. We want to emphasize, however, that the use of molecules in cooking is not new: all cooking is molecular. As our friend José Andrés famously said, “Grating parmesan cheese is a molecular exercise.” To label the creative cooking of today “molecular“ without understanding that all cooking is molecular is to completely misunderstand what cooking is all about.

Texture Molecules

Let’s return to our two types of molecules. The texture molecules are those found on nutrition labels: proteins, fats, and carbohydrates, as shown in Figure 1. The remarkable transformations in food that occur as we cook are almost entirely due to these molecules, and they are dramatically different for carbohydrates, fats, and proteins. We will see evidence of this throughout this book. To whet your appetite with some examples, consider the fact that fats don’t dissolve in water—oil and water famously don’t mix. (Think of a vinaigrette that has been left to stand: the oil separates on the top and the vinegar on the bottom.) By contrast, carbohydrates like sugar dissolve very easily: this might be hard to believe, but at room temperature, a cup of water can dissolve twice its weight in sugar! Candy making, as we’ll see later on, is all about controlling the sugar-water ratio. It works because you can pack even more sugar into the water when you heat the mixture. At 100°C (212°F), water holds four times its weight in sugar. When you then mix fats into the sugar water, it transforms the textures and tastes and can result in delicious caramels. Proteins, however, are completely different. They dissolve in water, but their cooking superpower is that when you heat them, they fall apart and then stick back together again—leading to a total transformation.
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FIGURE 1Nutrition labels are designed to communicate the nutritional content of a food. The nutritional content is directly related to the molecular composition, so we can learn quite a bit about the content of various texture molecules by looking at the reported values. In fact, sometimes it is possible to “reverse engineer” a recipe’s ingredients using a combination of the nutrition facts and the ingredients, which are listed in descending order by weight. The pictured nutrition label is an example of a label in the United States. Labels in other countries are similar in content, although they may be written in different styles and using other units.

The major texture molecules are indicated by the arrows. Fats at the top, followed by carbohydrates about halfway down, and then protein. Next to each one is listed how many grams of those molecules can be found in each serving. Fats, carbohydrates, and proteins are all relatively large molecules, and being texture molecules, there needs to be enough of them to affect the texture. Besides water, they constitute a majority of the weight of our food. In this example, carbohydrates and proteins together make up 26 g in a 31 g serving, which means about 5 g is water.

The final molecule that contributes to texture is the dominant ingredient: water. (Ironically, it also happens to be commonly left off nutrition labels.) You may not think so when looking at a steak or a potato, but more than half of it is water—60% for the meat and 80% for the potato. Even flour, one of the seemingly driest foods, contains as much as 15% water. See Figure 2 for some other examples. As it turns out, when we change the texture of foods, we are often primarily manipulating water content. This makes the properties of water critically important. Since food is mainly water, the laws that govern heating a steak are exactly the same as those for cooking a potato or baking a cake. These laws are essentially the same as for heating a cup of water.

[image: image]



FIGURE 2Unsurprisingly, oil contains no water, but most foods that come directly from living organisms are mostly water. Flour looks dry, but starches always absorb a certain amount of water from the atmosphere, and it is extremely difficult to keep them fully dehydrated.

Flavor Molecules

Despite their importance in our experience of food, flavor molecules are not listed on nutrition labels. One important reason is that flavor molecules are tiny and appear in minuscule amounts—sometimes there are as few as a millionth or a billionth as many flavor molecules as there are proteins, carbohydrates, and fats. But without them food would be boring and, well, flavorless.

There is an almost infinite number of flavor molecules, and the flavor of any one food can be a result of the combination of hundreds of these molecules. This diverse array is simplified somewhat by the fact that all flavor molecules can be categorized into two broad classes (see Figure 3), which differ both by how we sense them and also by how we produce them for cooking. Taste molecules bind to the taste receptors on our tongues. There are five in total: sweet, salty, sour, bitter, and umami. Aroma molecules, on the other hand, bind to the olfactory receptors at the back of our noses. They get to the receptors by detaching from the food when we chew it and floating in the air through the back of our mouths to the back of our noses. Aroma molecules are a major source of the rich and varied flavors of foods. Very few animals can sense them; it has even been argued that the evolution of the human brain is a direct response to our ability to detect them.

In general, both taste and aroma molecules tend to be very small. The aroma molecules in particular have to be light enough to float in the air; we say that they are volatile. But even the taste molecules are generally small, since small molecules tend to bind better to the taste receptors. By contrast, proteins, fats, and carbohydrates are large and cumbersome, and as a result generally have very little flavor on their own—they are too large to bind to the receptors. Instead, they proceed directly to our stomachs, where they are incinerated for our caloric intake.

It can be surprisingly difficult, however, to tell the difference between taste and aroma. Together, they constitute flavor. But the aroma molecules of foods easily slip up through the back of our mouths into the back of our noses, giving us the impression that something tastes a certain way, while really it is the aroma. For an exercise in distinguishing between the two, try the first experiment in the sidebar. The second sidebar experiment shows that the combination of tastes is quite complicated and interesting. Both of these exercises highlight facts about flavor that are important for understanding how to make tasty food.
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FIGURE 3Taste molecules, shown on the left, are sensed by receptors on the tongue. Although there are five main tastes, our experience of them varies depending on how they are combined in different foods. We have evolved to associate certain tastes with good or bad effects on our bodies. Sweet, which is a pleasurable sensation for most people, tends to be associated with fast, high energy food sources. Bitterness, by contrast, can help identify something toxic. Perhaps this difference is why it takes almost no effort to coax a child to finish a sweet dessert, yet bitter foods often fall into the category of “acquired tastes.”

Aroma molecules, shown on the right, are sensed by the olfactory receptors in our noses. They can get there via two routes: through our nostrils and, perhaps even more importantly, through the back of our mouths as we chew and swallow the food. There are some eight hundred genes for olfactory receptors in humans, which makes it a much more complex and sensitive system than taste. In fact, the perceived differences between many foods can be traced to their aroma molecules, not their taste molecules. A famous experiment has blindfolded people hold their noses while eating pieces of apple, onion, and potato. The tasters are told to guess which of the three foods they are eating. What tends to happen is that the foods taste very similar until they are about to be swallowed. Then, when the aroma receptors sense the food passing through, you get the final identity confirmation that the blocked nose missed. If a taster has a cold, the receptors in both the nose and the mouth are blocked by mucus, which causes all food to taste bland.

SIDEBAR 2: PEPPERMINT CANDY

Hold your nose and use the back of your tongue to close off the back of your throat as much as you can. Then, put a peppermint candy in your mouth and try to identify the flavor(s) that you taste. Next, let go of your nose—what happened? When you held your nose, the candy probably just tasted sweet. Then when you let go, there was a blast of minty flavors. This is because menthol (the flavor molecule in mint) consists of the minty smell we are all familiar with, plus a hint of bitterness and a cool sensation. When you held your nose, your body was unable to detect the menthol aroma, and the bitterness was likely overwhelmed by the sugar in the candy. The cooling sensation comes from the menthol triggering certain nerves in the nose and mouth. By blocking your nose, you are also preventing this from happening to its full extent. You can try this exercise with any food to separate the smell of a food from its taste, which will help you appreciate how they all work together to create unique flavors. [image: image]

SIDEBAR 3: BALANCING FLAVOR: SUGAR-ACID

Soft drinks are known for having a lot of sugar in them. In fact, in each 12-ounce/355 mL can—about 1½ cups of soda—there’s about ¼ cup of sugar. But, have you ever considered how it’s even possible for manufacturers to add such high amounts of sugar without the drink tasting too sweet? To answer this question, let’s perform a quick experiment.

Fill a glass with drinking water and stir in 1 teaspoon of sugar at a time, taking a sip after each addition, until the sugar water becomes too sweet to be enjoyable. Next, stir in ¼ teaspoon of vinegar at a time, again taking a sip after each addition, until the drink tastes drinkable to you. Be sure to keep track of the amount of vinegar you added to the sugar water.

Fill a separate glass with drinking water and add the same amount of vinegar you added to the previous glass and take a sip—and try not to make a face!

This is the secret of Coca-Cola. It contains far too much sugar for most people to find tasty. However, by adding acid (and other flavors), the flavor components combine to produce a pretty delicious drink. Carbonation is another source of acidity, which is why a flat Coke tastes sweeter than a fresh one.

This is just one example of the myriad ways in which taste molecules can balance each other. Many recipes exploit this fact to add layers of flavor and bring out hidden tastes from the ingredients. The crafty cook is aware of how different flavors play off each other and is not afraid of experimenting with them to improve the overall flavor of their food. For example, the sugar and acid effect is why some cooks add a bit of sugar to their marinara sauce to balance tomatoes that are too acidic. Nathan Myhrvold even goes so far as to add a pinch of salt to red wine to make it taste better. [image: image]
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WHERE DO FLAVOR MOLECULES COME FROM?

Flavor molecules occur naturally in food, but they are also added by the process of cooking. You might be surprised to learn that cooked food contains many more flavor molecules than that same food uncooked. But consider: Baked cookies taste different than raw cookie dough. The taste of a cooked steak is unlike that of steak tartare. Recall that protein, carbohydrate, and fat molecules are far too large to bind to our taste and aroma receptors, so we must use tiny molecules to add taste to food. Sometimes we add these in the early stages of a recipe. For example, in a chocolate chip cookie recipe, we add sugar, salt, and vanilla. Salt is tiny enough to bind to the salt receptors on our tongues, and vanilla contains a small molecule called vanillin that binds to the odor receptors at the back of our noses. Chocolate also has flavor, but it is a more complex fermented food, with properties we will consider later on.

But the real magic of flavor creation happens when we cook the food. The process of cooking can literally break apart the protein, carbohydrate, and fat molecules and turn them into flavor molecules! Those large molecules break into small ones, which are then broken into even smaller ones and then even smaller ones. Eventually, they are small enough that they can be detected by our taste and aroma receptors. One key agent in this flavor creation is heat, which causes the molecular breakdown (we’ll discuss heat in more detail in chapter 2). But similar flavor creation happens in many other cooking processes, too. Cooking food with microbes, as with various food fermentations like sauerkraut or pickles, also breaks down large molecules into tiny flavor molecules. The same is true for smoking or ageing.

FLAVOR AND ACIDS

The simplest example of a common flavor molecule is acid, which is responsible for sour tastes. The defining property of acidic molecules from a scientific standpoint is that they easily shed hydrogen ions. Our taste buds sense acids by detecting the hydrogens: the hydrogen ions block the proton channels in the taste buds and send a “sour” signal to the brain. Remarkably, it takes very few hydrogen ions for a food to be detected as sour. Consider lemonade: Its main acid is citric acid, consisting of six carbons, seven oxygens, and eight hydrogens. When citric acid dissolves in water, it breaks into pieces, leaving small amounts of hydrogen ions floating around. Indeed, if you dissolve even a very small amount of citric acid in water, there will be about a million times fewer hydrogen ions than water molecules. It would seem that the hydrogen ions would rarely bump into a taste bud, but in fact they make constant contact with taste buds and are all that’s needed to trigger a sour taste. This truly remarkable scientific phenomenon is a general property of flavor: it takes comparatively few flavor molecules to produce a strong taste sensation. Thus cooking well requires us to very carefully balance flavors.

Acids are important throughout all of chemistry, not just when it comes to flavor. In fact they are so important that scientists have developed a special scale, called the pH scale, to measure how strong an acid is. The pH measures the number of hydrogen ions as a percentage of the total number of water molecules. For historical reasons, scientists measure this using the scale explained in the sidebar. The important point is this: Pure water has a pH of 7, whereas lemon juice has a pH of about 2. This means that there are five orders of magnitude (100,000) more hydrogen ions in lemon juice than there are in pure water. In other words, whereas in lemon juice there are a million times fewer hydrogen ions than there are molecules of water, in water there are 100 billion times fewer hydrogen ions than molecules of water.
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Nutrition Facts

Serving Size: 1/4 cup (31 g)

Amount Per Serving

Fat Calories 110 Calories from Fat 0
% Daily Value*
mssssssmm) Total Fat Og 0%
Saturated Fat 0 g 0%
Trans Fat 0g
Cholesterol 0 m 0%
Carbohydrate : ! °
Sodium 0 mg 0%
Potassium
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