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Foreword

By René Redzepi

For chefs, flavor drives everything we do. If the food doesn’t taste good, we’ve failed at our jobs, and all that hard work is rendered pointless (or is it?).

This is something we have grappled with intimately on a daily basis at our restaurant, Noma, in Copenhagen. We started out twenty years ago with a set of rules: make a cuisine that doesn’t just highlight Nordic ingredients—it uses them almost exclusively. Over the years, this idea has changed as I’ve wanted to put in some of my Albanian/Turkish food upbringing and to work with some of the highlights of the travels that we have done. Now used commonly are kombu from Japan and chiles from Mexico. We still work every day trying to express Nordic seasonality as a general guiding light.

This guidance is easy to follow in the spring and summer, when the days are long and we can get our hands on the most delicious white asparagus, strawberries, and a myriad of wild herbs. In the winter, when the only vegetables available from our farmers are beets, carrots, and potatoes from their root cellars, it’s a considerable limitation. Early on, it became obvious that we had to make a choice: treat this limitation like an albatross around our necks, or put it to work as a creative constraint.

Cooking the way I’d been trained—French-style, formal, with ingredients like foie gras and olive oil—was not an option in those early Noma years. So we had to take a step back and consider new avenues for deliciousness. Slowly but surely, this led us to preserving, extracting, fermenting, foraging, and considering the culinary potential of things we hadn’t thought of before as tasty or even edible: weird, finicky, and “lost” varieties of vegetables, seaweeds, wild weeds, flowers, mosses, and even insects.

In those early days, we asked ourselves, Does a dish really need a lemon, or is it simply a certain kind of sourness that’s missing? Could it be tangy wood sorrel leaves, plump wood ants, sea buckthorn berries, or plums that we fermented like sauerkraut? Now repeat that, ad absurdum, for every ingredient you think is essential in a dish.

It wasn’t how any of us had been taught to cook. We had to amass the experience and the knowledge ourselves; a quest for understanding flavor that has led us to do many ridiculous and impractical things. Looking back at it now, it seems so crazy that we spent all those hours harvesting ants or cleaning moss. But we had to. It was our way.

It was 2012, in the middle of all this research, that I first met Arielle Johnson. Now she would be the first to say that she’s not a chef. She was in fact a graduate student studying food chemistry, and rather than spending the summer getting her foot in the door for a high-paying job at Nestlé or something, she decided it was a better use of her time to come and do research with a bunch of cooks at a lab run by a restaurant.

Why have a scientist on staff? Here’s a story: we’d just started to get interested in edible insects, and Lars Williams, who was then the head of our collaborative project the Nordic Food Lab, was researching how ants communicate using pheromones. It was Arielle, with simply a glance at their chemical structures, who explained to us that those pheromones were also flavor molecules. That they had specific tastes she could predict for us without having to taste them, like grapefruit, lemongrass, and lavender. Flavors that we could now bring into the kitchen without having to use grapefruit, lemongrass, or lavender.

Good cooking is organized chaos, and a chef responds to changing conditions and ingredients every hour. For instance, consider peas in season: Are they harvested and never cooled down—i.e., still warm from the sun? Or have they spent a day or two in the fridge? That will make the same ingredient taste vastly different—one pea might taste starchy and bitter, while the other as tender and sweet as a peeled grape. Why is it that the flavor of horseradish, a spicy root growing underground, can vary so much from day to day? While we know, of course, that farming practices and weather itself have a huge impact on these things, the more we understand that the variability goes down to the molecular level—and how—the better we can put our taste and intuition to work in our cooking.

To understand flavor inside and out, top to bottom, is nothing short of a lofty goal. We were lucky enough to have someone as eager as Arielle to make the connection between what we had discovered through intuition and taste and what she had learned about flavor through science and years of study. After she finished school, the now Dr. Arielle Johnson came to Noma full-time, where she and Lars built our original Fermentation Lab from scratch (literally, from shipping containers) so that we could have a dedicated home for doing this kind of research. Over the years, the fermentation lab has gone through several iterations, becoming the driving force at the heart of everything we do.

Having Arielle around is like a secret sauce that makes everything a bit clearer, and flow easier. She’s a legit scientist, but she thinks like a chef, breaking down knowledge into exactly what you need to be more aware of flavor, where it comes from, and all the ways you can create and control it—regardless of whether you’re cooking at a restaurant or cooking at home.

Flavorama is a book that every cook, no matter how experienced or science-literate they are, needs in their kitchen, written by someone who knows more about the subject than anyone I know. Arielle changed the way that I think about flavor—if I had this book when we started on our quest twenty years ago at Noma, it would have saved us a lot of time and trouble. But, lucky for you, you’re reading it right now, and in these pages, she’ll do the same for you.




Introduction

The Unbridled Science of Flavor
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And How to Get It to Work for You

This is a book about flavor.

You know, the thing that drives us to drop serious money on heirloom tomatoes. The reason we don’t just subsist on Soylent. The town where Guy Fieri lives.

When flavor is really good—an absolutely perfect, sweet-sour-perfumed nectarine, an intensely mineraly and beefy grass-fed steak, some overwhelmingly aromatic, freshly ground spices—it’s enough to give me chills. If you’re reading this book, you probably feel the same way. It’s become a truth (nearly) universally acknowledged that cooking is science—but I’ve always hungered for more focus, more knowledge about the most important part: what food actually tastes like, and the how and why behind it. I don’t mean what the objectively “perfect” chocolate chip cookie is, or fifteen hacks for making February asparagus taste less like February, or the engineering behind Cool Ranch Doritos. I want to know everything that goes into making real, delicious food real and delicious—and then, how to use that knowledge to make it even better.

For me, it’s never been enough to just have great flavor experiences—I have this need to dig into how they work, the deep mechanisms that create them. I’m so obsessed with understanding flavor that I got a Ph.D. in the subject, studying it with analytical chemistry (I’m technically Dr. Johnson, in academic settings—and to my mother). In the process, I learned that there’s a whole cosmos of flavor knowledge out there, in chemistry, microbiology, psychology, ecology, neuroscience, ethnobotany, even economics and history. And there’s leagues more fascinating flavor science happening in any great croissant, traditional barbacoa, or organic blueberry than in the most hyperengineered, flavor-optimized packaged food.

Some cooks hear “science” and they think “straitjacket”: oh, great, someone calling themselves an objective authority, here to squeeze the life out of creativity and soul with a bunch of rules about what’s “correct.”

I find that as tedious as you do. I’d also be lying if I told you that there was some scientific way to bypass ever running into problems while cooking. (Sorry.)

Fortunately, science is remarkably useful for something much more fun: if it’s exciting to know what you’re doing in the kitchen, it’s positively elating to know why you’re doing what you’re doing—and how you can do it smarter. Not just being certain that a certain recipe, followed correctly, will get you where you want to go, but understanding the underlying mechanisms well enough that you can predict how whatever technique you’re using or action you’re taking will affect the flavors of your ingredients, and adjust on the fly. It’s why I’ve spent so much of my time working in restaurants, using the science I know to chase deliciousness, rather than uniformity. Flavor science as a liberating tool for improvising.

The place that I like to start? Molecules. Just trust me—

Flavor Is Molecules

Each of our senses specializes in one kind of information to paint a picture of some important aspect of the world around us. Vision detects the physical details of our environment through reflected light. Hearing lets us monitor our surroundings for things that we can’t see, but that do create mechanical vibrations in the air, which we perceive as sounds. Flavor is not its own distinct sense, but a composite of our senses of taste and smell, the two senses devoted to detecting molecules directly. Your sense of taste specializes in molecules that touch your tongue; your sense of smell, on molecules that can travel through the air.

Flavor is a personal, emotional thing (that’s why there’s not really such a thing as a “perfect” chocolate chip cookie; it’s subjective)—but all that starts from sensing real, physical molecules. Everything else about it cascades from the mechanistic things that molecules do.

Flavor is molecules, which means we can use chemistry to answer some of your most common kitchen questions. Why does lemon juice taste so much less sour if I don’t wait until the end of cooking to add it? What makes a sprinkle of sea salt so much different than table salt? Why is cooked ginger so much less spicy than fresh? What’s really happening that makes caramelizing onions so much slower than caramelizing sugar? Why are the spiciness of chile oil, hot sauce, and fresh chile so different? What gives an amazing peach so much more mouth-filling creamy flavor than a just-okay one?

The mechanisms these follow aren’t particularly mystical or secret. There’s a huge body of scientific work out there covering every conceivable angle of flavor, but it’s hardly ever brought together in one place, let alone put into the context of cooking, or even shared with cooks at all.

So I’ve specialized in trying to fix this, helping chefs and cooks understand what’s going on beneath the flavor hood so they can work even more intuitively and deliciously. I get asked a lot of flavor questions, and to decipher them, I rummage around in the deep cuts of the scientific literature, then figure out how to translate what I find into terms a cook can actually use. Around the thousandth time doing this, I finally noticed that I kept saying, “Wow, I really wish there was some kind of guidebook I could give you that sums this up in one place.” Which is what this book is: a condensed version of all the amazing stuff we know about how flavor works and how we can maximize it.

While I can’t pretend I’ve managed to cover absolutely all of flavor here (that would take about a million pages), I can promise three things: a strong foundation in flavor’s scientific mechanisms, nuggets of scientific wisdom I’ve dug up from the archives that tend to get glossed over elsewhere, and a focus on how all that science is being used, right now, in the real world—to notice patterns, enhance cooking intuition, and inform creativity. Everything here, from the overall structure to the individual recipes, is shaped by how I’ve actually used the science of flavor in cooking—and how really great cooks use it, too. Hence, the title. Think of this as a panoramic look on all things flavor.

Flavorama is organized around five core laws. These are predictable features that hold true over and over, the basic rules of the road for flavor.


	Flavor is molecules.

	Flavor is taste and smell.

	Flavor follows predictable patterns.

	Flavor can be concentrated, extracted, and infused.

	Flavor can be created and transformed.



As with other phenomena that follow basic laws (thermodynamics, black holes), there is one law that is so fundamental that it shapes and informs how all the other laws work. This law is numbered “number 0,” as in, it’s even more important than number 1. In the case of flavor, we’ve already touched on the 0th law: flavor is molecules.

Flavor isn’t just ineffable vibes, or an abstract quality that imbues a lemon with lemoniness. Absolutely everything required to set off the wonderful perceptual experience of flavor in your brain is contained within the food you are eating, in the form of molecules. Like you and everything around you, food is made from molecules. Some give it strength and texture, some give it moisture and bounce, and some give it flavor.

Chemistry is the grand project of hunting down and describing all these molecules. We know how fast they evaporate (useful if you’re trying to get them to stick around in a dish), whether they break apart under heat or acid (useful if you’re trying to make a broth, sauce, tea, or cocktail or add some oomph to butter), what happens when they are fermented (useful if you want to make kimchi, sauerkraut, or miso). People who are really literate in chemistry can do this just by looking at how a molecule’s atoms are arranged, like a fortune-teller reading your heart line and predicting when you’ll get married—except, actually real and accurate.

The good news is that all these things follow patterns and trends. Sour flavors all come from acids, which do predictable things. Aromas are all volatile, which means they will float away when you heat them. Flavor infusions will always be different, in predictable ways, when using fat vs. using water. You don’t actually need to memorize long tables of precise values to make use of the science of flavor—you just need to pay attention to spotting patterns. It’s an enhancement, not a replacement, for using your senses and intuition while eating and cooking.

The fact that flavor is molecules underpins this whole book: where those molecules come from, how they were made, and how to get them to do what we want. Those molecules are what we sense when we sense flavor; they’re what lets us infuse and concentrate and create flavors. Separately, chemistry and your sensory experience of flavor are a mysteriously tangled piece of rubber and an insubstantial puff of air. Together, they’re an intricate balloon animal. There is no flavor without molecules, and the tastes and smells created by flavor molecules are what make knowing anything about those molecules interesting to a cook in the first place. The two are inescapably important to each other. But let’s not get ahead of ourselves. If we’re going to understand flavor, let’s start with the first law: understanding taste and smell.




Part 1

The First Law of Flavor

Flavor Is Taste and Smell
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When you’re eyeing your friend’s plate at a restaurant and want to know if it’s any good, what do you ask them?

“How does it taste?” We talk all the time about how things taste—do they taste good, do they taste bad, do they taste like vanilla or dirt or raspberries or cardboard?

The thing is, most of the times we talk about “taste,” what we’re actually talking about is flavor. From a scientific point of view, and a culinary one, too, taste is necessary for flavor, but it’s not sufficient for flavor on its own. That’s because taste is just a part of flavor.

You only get flavor when you combine taste and smell. Smell is just as important, sometimes more so, in this equation. That’s not the way it feels, certainly. Your smell sensations are so seamlessly integrated with taste while you’re eating that they don’t feel like smell at all. But even if you don’t feel like you have the nose of a master perfumer or sommelier, anytime you eat, you’re using smell to sense flavor.

So You Want to Tell Apart Taste and Smell?

If you’ve ever had congestion from a bad cold—or experienced the smell-obscuring symptoms of COVID-19—you know that nothing tastes good when you have a stuffy nose. It’s blah, it’s one-note, it’s boring. Usually, though, your sense of taste is working fine. The “bland taste” you’re experiencing is just taste—flavor without smell. Smell molecules can’t reach your smell receptors through your blocked nose, your brain gets no smell data, and the flavor you experience, devoid of smell, feels turned down and flat.

Taste is salty, sour, sweet, umami, and bitter. Just about everything else is smell: the clove-floral flavors of basil, the fruity or caramel notes in varietal coffee, the creamy greenness of a cucumber or honeydew melon, the jammy-winey quality of a great raspberry, the roasted flavor of a chicken, the piney-woody-cozy flavor of cardamom. I could go on and on (and I kind of do, starting in Chapter 6).

Understanding flavor means understanding taste and smell, and I think the best way to understand taste and smell is a two-pronged approach: paying attention to what your senses tell you, what tastes and smells you experience; and knowing what’s going on under the hood—what it is about how taste or smell function that creates those sensations. I think of it as a robust give-and-take between theory and practice.

Taste and Smell: Complementary Counterparts

I talk a lot about patterns being important, so here’s a useful one: there’s a lot of yin and yang to the functions of taste and smell. If something is true of taste, the opposite is probably true of smell:


	Tastes are single sensations, and only a few types of molecules can cause each one. Smells are multidimensional sensations, created by many different molecules.

	There are a very limited number of tastes, but it’s fundamental for the flavor of your food to get them right. There are a near-infinite number of smells, but there are many different ways they can be used in a dish and still taste good.

	Taste has simple overall mechanisms we can understand quickly. Smell has much more complicated mechanisms that take time to understand.

	Taste is for getting very clear information about a few things. Smell is for getting fuzzier information, but about lots and lots and lots of things.

	Taste is close to hardwired into us. Smell is mostly shaped by experience and memory.

	Individual tastes each have unique and specific uses that we need to go deep on. We get much more from looking at broad patterns in smell, rather than trying to catalogue each one individually.

	Changing or substituting tastes—sweet for salty, sour for bitter—makes huge, even catastrophic differences in flavor. Changing or substituting smells makes noticeable, but more impressionistic, differences in flavor.

	Equally true of taste and smell: they respond to molecules.



Taste and Smell: Sensation Created from Molecules

Flavor is taste and smell—but no food actually contains taste, or smell, or flavor in the literal sense; foods contain molecules. Your nose and tongue function as detectors for these molecules, catching them and sending signals to your brain. Only then does your brain cook up your perception of taste, smell, and flavor from those signals. In other words, technically flavor is entirely a figment of your perception, built in your brain from signals sent to it by molecules from the natural world.




Chapter 1

Taste

We’ll start with taste: stalwart, tidy, bold strokes, straightforward to categorize, and easy to understand. There are five options: salty, sour, sweet, umami, and bitter.

Let’s Taste Some Molecules

Let me set the scene: It’s July, you’re sweaty but not unpleasantly so, and you just bought (or, if you’re lucky, picked) some good tomato specimens, maybe some big Brandywines, and they’re still warm from the sun. You cut off a fat tomato slice and eat it with a sprinkle of salt.

What happens next? You taste salt, obviously. Next, you might pick up on a pleasant tang of sourness, just enough sweetness to be noticeable, maybe a thread of bitterness if you bit down on some seeds, and, as you’re swallowing, the mouth-filling richness of umami. Start to finish, it’s pretty great, and you remember why you look forward to this every year.

All those tastes from the tomato—salty, sour, sweet, bitter, and umami—don’t just come from the ineffable and intrinsic tomatoey-ness of the tomato. No tomato, or anything else, contains “sweetness” or “sourness.” What it does have is taste molecules, molecules with the power to coax your brain into producing the sensation of sweetness or sourness. Any foods that have a taste have that taste because they’ve got the right molecules.

Let’s take a closer look at that tomato. What is a tomato, really? Looking at it like a chemist, we’d say, well, it’s made of molecules, and the majority of those are dietary fiber and water. They’re combined in some parts like a thick gel, and in others like a sponge soaked in juice, all encased in a balloonlike skin. The tomato’s water-based juice has a cocktail of other molecules dissolved in it. Some are acids or sugars; there are also amino acids and minerals.

[image: image]

When you bite into the tomato, its juice (and these other molecules dissolved in the juice) spread all over your tongue and mix with your saliva. And all over your tongue, you have taste receptors, which are like catcher’s mitts for taste molecules. Each taste receptor is uniquely molded to grab on to a specific molecular shape and, once it grabs one, send off a signal that gets relayed to your brain. Your taste receptors grab on to the sugars, acids, amino acids, minerals, and tannins from the tomato and send off messages to make your brain create the sensation of sweetness, sourness, umami, etc. just for you.
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MSG’d Zucchini Carpaccio

MSG is pure umami, which can be hard to spot if you’re not used to looking for it. It will make the silky crunch of zucchini feel superrich and intense-tasting, and heightens saltiness and sweetness while cutting down bitterness.

Cut 1 medium to small tender zucchini into thin rounds on a slight diagonal, between ⅛ inch and 1/16 inch thick. Sprinkle very lightly with a small pinch (perhaps ⅛ teaspoon/0.5 g max) of Aji-no-moto Monosodium Glutamate crystals or other powdered MSG. Let it soak in for a few minutes, then immediately eat with your hands.

Makes 1 snack




What Molecules Have Tastes, and Why?

Like people, molecules have personalities. Taste molecules are all pretty solid and steady. They don’t do anything wild like create vapors or gases: if you boil down a pan of seawater, the salt molecules stick around in the pan, rather than escaping with the steam. They all dissolve well in water, which makes sense, given the watery environment your tongue is constantly bathed in.

On the tongue, you have millions of finely tuned, grabby catcher’s-mitt taste receptors that only come in a few different varieties. Think capsule wardrobe, not a hundred-look haute couture show. The way each receptor functions is the result of the long endless process of evolution, adaptation, and ruthless editing.

Taste or otherwise, a receptor’s whole purpose is to find and grab a particular type of molecule and send off a useful message about it to the brain. Taste receptors are primed to grab common molecules from food, the thing you most regularly put inside your mouth. And because taste is the last piece of information you can get about something before you choose to swallow it or spit it out, the messages that taste carries are strong and simple.

Sweet taste receptors grab sugars, telling you if a food has easy sources of energy. Salty notes the presence of the essential mineral sodium, which the body needs for generating nerve impulses and maintaining blood pressure and fluid-electrolyte balance. Umami signals free amino acids, the basic building block for proteins. Sour responds to acids, which lets you know if a fruit is underripe, has a lot of useful vitamin C, or is safely fermented. And bitter alerts you to potential toxins, many of them made by plants. The list of molecules you can accidentally poison yourself with is pretty long and pretty diverse, so bitter receptors come in something like twenty varieties to cover the whole field, like interchangeable socket wrench heads. Each bitter receptor sends its information along the same bitter channel, making most bitter molecules taste more or less the same. The other tastes stick to a simpler, specialized receptor.

Researchers are finding that there are probably some other things we can sense with taste, like carbonation and fats; and spiciness is a major component of flavor that feels like taste but is actually sensed with touch, as pain (more on that in the Spicy section). Those minor details aside, there are only five tastes to learn to recognize and to look out for when you’re tasting food, five clear ways to categorize ingredients by taste, and five elements of flavor you can add to your cooking through taste.



Too Salty?

Okay, there is one other cool exception: your tongue actually generates two different signals for sodium, a “regular salty” one and another “too salty” one that only gets activated at really high salt concentrations. Your sense of saltiness tells you “oh good, salt” or “whoa, too much of a good thing,” like the near-acidic burn of undiluted soy sauce or licking the outside of a pretzel.




Tasty Delights


	Taste detects five distinct things: sweet, sour, salty, bitter, and umami.

	Each taste evolved to detect one type or genre of molecule: sugars, acids, sodium, toxins, glutamate.

	Taste molecules usually have just one primary taste quality—salts are salty, sugars are sweet, and there aren’t salty-tasting sugars.

	Each taste is a separate signal, with some tastes amplifying or suppressing one another’s signals, like umami increasing the signal for salty, or salty decreasing the signal for bitter.
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Chapter 2

Smell

Smell, odor, scent, and aroma are all interchangeable words for the same thing—and I’m using all four as shorthand for “a flavor element that we sense with smell or aroma,” the same way we use “taste” for “a flavor element we sense with taste.”

With that out of the way, it’s worth taking a minute to consider smell on its own terms before getting into what it does for flavor.

Our sense of smell, like our sense of taste, detects molecules. When you hold a ripe peach in front of your face and inhale, floaty, airborne volatile molecules diffuse out of the peach and enter your nostrils. They fill your nasal cavity, where, way up at the top, there’s a small, sticky carpet, a kind of welcome mat for aroma, full of densely packed smell receptors. This is called the olfactory epithelium, and it does for smells what the taste buds do for tastes: funnels those molecules you sniffed toward the grasping and catching grip of receptors, pairing off the compatible ones, and sending out signals for your brain to create the sensation of smell.

The Overlooked Sense

Smell, which goes by the technical name “olfaction,” is our most underappreciated sense. Ancient Greek philosophers like Aristotle believed that smell was unimportant, primitive, and a bit frivolous, a reputation that unfortunately stuck. More recently, we’ve learned new things about smell that make clear how much we’ve been underestimating it.

In 2004, the Nobel Prize for Physiology or Medicine went to the biologists Linda Buck and Richard Axel for their work uncovering the receptors we use for smell, the genes that code for them, and the ways they function. They found that humans have about four hundred different types of olfactory receptors, each with its own gene. Depending on how you estimate, that means that smell-detecting genes account for 1 to 2 percent of all our genes. That might not seem like a big deal . . . until you consider that smell receptors make up the largest group of genes in our genome—and that humans are only a few percent genetically distinct from chimpanzees, roughly the same magnitude of genetic information that we dedicate to smell. It’s kind of a big deal for us!

Smell on the Brain

Our molecule-grabbing receptor equipment for generating smell signals is unique and special. Our setup for carrying those signals to the brain and processing them is special, too.

Most of the information that enters your brain is collected by nerves and receptors far out in your body, passed up to the spinal cord, and then funneled through the simplest part of the brain and its primary entry gate, the brain stem. Signals filter from there through mostly subconscious areas of the brain for processing before lining up at the thalamus, the clearinghouse and gatekeeper for your cerebral cortex, the pink and wrinkly outer layer of your brain where conscious perception happens.

Smell breaks basically all these rules.

Your smell-sensing receptor cells don’t just pass information to be relayed on to brain cells, they are brain cells themselves. They’re long and skinny, one end embedded in the olfactory bulb at the underside of the brain, the other passing through tiny holes in the bottom of your brain case and into your nasal cavity. This end has the receptors for catching smell molecules. Right now, as you read this, you have brain cells dangling out of the bottom of your skull, exposed to the air inside your nose at all times. And we all walk around like this is totally normal.

The signals your smell receptors generate are shot directly into your olfactory bulb, bypassing the brain stem entirely. The physical connections between the olfactory bulb and the rest of the brain make smell more enmeshed with both emotion and intellect than the other senses. The olfactory bulb connects directly to the piriform cortex, a bunch of daisy-chained bits of the limbic system—the subconscious, mammalian part of our brain where our feelings and long-term, impressionistic memories live. Most of our sensations are eventually analyzed here, but only after we process them in other areas of the brain. Smell signals enter the limbic system directly—preconsciously, unfiltered, and straight into our emotional memories, which are particularly intense, immediate, and vivid when triggered by smell (and, by extension, flavor). And while the other senses have to wait to pass through the thalamus to enter the prefrontal cortex, the highest cognitive center of the brain (the part we use for conscious thought, language, and rational decision-making), smell signals get VIP entry via direct connection between the piriform cortex and part of the prefrontal cortex called the orbitofrontal cortex.
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What does all that mean for you?
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Well, we’re deeply social animals, and lots of our fundamental brain processes are geared toward interpersonal relationships. Smell is no exception to this: get a whiff of the cologne (or even the laundry detergent) that a friend or a lover whom you haven’t seen in years used to use, and the flood of feelings and memories it triggers can stop you in your tracks. Even if you never paid much attention to that smell, it was there when you were with them and subconsciously knitted itself into those memories.

And because smell + taste = flavor, they amplify each other’s brain signals when you sense them together, making eating (and flavor) an even more intense emotional experience than smell on its own. When you bite into an on-the-mark rendition of your grandma’s beef stew, you can get sucked back in time, emotionally, to eating it with her and all the feelings of security and home and identity that went along with that. The well-worn examples of this in storytelling (Proust’s madeleines or, y’know, Ratatouille) are, neurobiologically speaking, right on the money.

Secret Smelling: Retronasal Olfaction and Flavor

It can be easy to forget that smell is half (or more) of flavor. After all, it’s not like you’re inhaling big huffs of the food on your plate while you’re chewing, right?

Let’s return to that tomato we were considering earlier. While its taste molecules were busy flooding your tongue and creating sweetness, sourness, and the other tastes, the tomato was also releasing volatile, airborne molecules into your mouth—the same molecules you’d pick up on if you sniffed it.

Your throat and nasal cavity are connected to your mouth. That’s how, when you laughed too hard at your middle school lunch table, milk could shoot out your nose. It got pushed from inside your mouth into the nasal cavity. The same thing can happen, and constantly does, with the smell-molecule-saturated air that’s released into your mouth when you’re chewing—it fills all the space it can, meaning it wafts up the back of your throat and into your nose, where you can smell it. Every time you chew or swallow, the movement pulses those molecules up into your nasal cavity. What you sense is smell, but smell that sneaks in the back door. In technical talk, we call this retronasal olfaction (and yes, I do have dibs on that as a band name). “Olfaction,” because you’re smelling, and “retronasal,” because it goes into your nose backward.

And what do we get out of retronasal olfaction? Most of the flavors that make it a tomato, rather than just a collection of sweet, sour, salty, umami, and bitter: rich, malty-fruity, rosy, violety flavors; vegetal tomato-leaf and grassy ones; subtle hints of cocoa, honey, and wintergreen. The fruity, vegetably tomatoeyness of it—the stuff that taste just doesn’t cover. Really, the distinctive flavoriness of most flavors (the chocolatiness of chocolate, the raspberryness of raspberries, the thymeyness of thyme) doesn’t have much of anything to do with tastes—it all comes from retronasal smell.

If you feel a little skeptical or like you’re missing something, that the tomatoeyness is more than taste but doesn’t feel like smell, that’s reasonable. The parts of flavor that come from smell feel like they’re happening inside your mouth—because your brain tricks you into thinking that what you’re smelling is happening on your tongue. So you don’t actually feel it in your nose or as a smell; it gets fully integrated into flavor and perceived as happening inside your mouth—i.e., where the food is.

Perhaps you’ve been told, when seasoning something with lemon, to wait until the very end to add it, in order to prevent its losing some of its sour punch and tasting flat. And, indeed, if you were to add lemon juice to a gently simmering sauce and leave it cooking for a little while, then taste it, it would seem a bit disjointed, flat, and muted. But this isn’t because any of the tastes have changed! When you heated it, the smell molecules boiled off. That flatness you perceive is just the tastes of lemon juice alone, flavor minus smell.




Citrus Peel Dashi

Dashi is a quick kelp-and-smoked-tuna broth that’s foundational in Japanese cuisine. I sometimes like to drink it as a broth, kind of like you would a bone broth or miso soup. Dashi has an extremely clean umami depth to it, and you can add some flavor complexity in the form of aroma, without messing with this already intense, but very pure mix of tastes.

Making dashi has two steps: steeping dried kelp (kombu) in not quite boiling water, then removing it and simmering katsuobushi flakes (dried, smoked tuna loin) in the kelp water. Kombu and katsuobushi flakes can be found online, at some higher-end conventional grocery stores, and at Japanese specialty stores. You can substitute a dashi packet (essentially a teabag full of kombu and katsuobushi) for the raw ingredients; in this case, simply bring the water to a boil, then turn the heat down and simmer for a few minutes before removing the packet.
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Take a small piece of kombu kelp, about 2 by 4 inches or 5 grams, and combine in a small pot with 2 cups (450 ml) good-quality tap or filtered water. Heat slowly over very low heat until it is steaming but not quite simmering, 15 to 20 minutes, then remove the kelp before it actually boils (boiling the kelp extracts slimy molecules you don’t want in your dashi).

Add ⅔ cup (6 to 10 g) katsuobushi flakes to the pot and bring to a simmer over medium-high heat. Simmer for about 1 minute, then remove from the stove, put a lid on the pot, and steep for 15 minutes. Skim out the katsuobushi or strain the dashi through a fine-mesh sieve.

Put the hot dashi in an individual bowl, or two small mugs, and cut a fat swath of yuzu peel (if you can’t find fresh yuzu, use lemon peel or Meyer lemon peel) with a peeler or sharp knife. Point the skin surface toward the hot dashi, squeeze the peel to push out the flavorful oils, and drop it in the dashi. Then serve immediately, and drink up.

Makes 1 big mug




There’s an easy experiment you can do on yourself to see the effect of smell on flavor (you may remember this from grade school). All you need is a jellybean or gummy bear, preferably in a distinctive fruity flavor like raspberry, pineapple, pear, or peach. (My personal go-to is a Jelly Belly juicy pear or a Haribo peach candy.) Take the candy in one hand and pinch your nose shut with the other. Put the candy in your mouth and start chewing it, with your nose still pinched. What flavors can you notice? It’s probably difficult, because blocking your nose makes it hard to discern any flavor and is muting the candy’s tastes. You’ll probably sense some sweetness and sourness, but not much else. Before you swallow it, unpinch your nose and breathe normally. The distinctive layers of flavor, the peariness or the peachiness, will feel like they slowly fill your mouth, turning up the tastes, and popping the full flavor out into 3-D. This is your sense of smell, returning in full retronasal-olfactive force to make bigger, better flavor than taste can do on its own.

The Smell of a Molecule

Taste and smell are both sensed with receptors, like all the senses. But their similarities end there. Smell takes a much more complex route to get from molecule-in-your-nose to feeling-in-your-brain than taste. Our taste receptors attach to five different signaling lines—one for each taste, about twenty-five kinds of receptors total, counting all the extra ones for bitter. Separating tastes into clear categories (sweet, salty, bitter, etc.) is easy, since its mechanisms work to create clear categories. With smell, we have to get creative.

When it comes to smell, we have four hundred types of receptors, each with its own distinct line of signaling to the brain; this is already eighty times more types of signals than taste has. And four hundred receptors doesn’t mean that there are only four hundred aromas, one for each type of receptor and signaling line. We can sense far more than that, because somewhere along the line evolution decided it was okay for smell to get chaotic, if it meant we could smell more things.

Taste molecules bind to taste receptors pretty monogamously: a lactic acid molecule activates the sour receptor but doesn’t really fraternize with the four other tastes. Or when a glutamate molecule gets onto your tongue, it looks around until it bumps up against a receptor for umami. They bind together, with a secret handshake, and the umami-specific cell attached to the umami-specific receptor sends an umami-specific signal to your brain.

Smell molecules and receptors are essentially polyamorous—there’s no single “right” pairing between a specific smell molecule and one kind of receptor. Each smell molecule has an affinity to several different varieties of smell receptors, getting them all to send off their signals to the brain at the same time. And each type of receptor has the ability to latch on to several different smell molecules, even lots of different smell molecules, especially ones that share some type of molecular architecture. When a molecule of the primary aroma of cloves, eugenol, enters your nose, there’s no one receptor poised to grab on to eugenol and eugenol only. There are five or ten (or even more!) receptors that can bind eugenol, but each can also bind to other, different molecules. And when eugenol finds this bevy of receptors, it fires off each one to send their unique signal up their own, individual signal-carrying lines.

The receptors don’t organize themselves to send the brain an obvious, unified “CLOVE SMELL” signal at this point either. In between the crackling signal lines coming out of your smell receptors and the parts of your brain that create the perception of smell, there’s a switchboard whose job it is to collect the raw signals into a packet of information to send up the phone tree.

This switchboard is the olfactory bulb, a little nodule of brain tissue that sits on the very bottom of your brain case, connected directly to the olfactory neurons that extend into your nasal cavity. It takes the Morse code–like barrage of signals from the receptors activated by eugenol and marks them all down into a single odor image, as a neuroscientist would describe it. This bundled odor image doesn’t smell like cloves yet; the olfactory bulb sends it off to other areas of the brain, where finally it’s decoded and translated to the feeling of a clovey smell.
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The signal the brain gets from a taste molecule is like hitting one key on a piano: it activates its own distinct indicator (one note or taste) that’s easy to tell from the others. The signal that a smell molecule activates is more like a QR code: a two-dimensional pattern of many unique indicators.

The brain’s QR code of the smell of a molecule is made up of multiple elements—and the way most molecules smell to us has multiple elements as well. Eugenol smells like cloves, but if you sit with its smell for a minute (and have some practice naming your perceptions—check out Chapter 3 for more on that), you’ll pick up on nuances: clove, but also woody and a little bit like cinnamon; a “sweet” vibe that’s also just a bit savory and smoky and medicinal. Some smell molecules lack one primary message and have more evenly weighted elements. Furaneol is both toasty-caramel-burnt-sugar and jammy-fruity, and is equally important in the aromas of strawberries, pineapple, and roasted coffee, for instance.

It’s impossible to pin down single smell elements in isolation, the way you can with taste elements. At the most basic, molecular level, smells have multiple sensory qualities compounded together. The way we perceive them is more like seeing a face than tasting a taste—a highly organized mix of many features, which is impossible to break down into one descriptor but immediately recognizable as a (complex) whole. This is frustrating for simple categorization but, in its limitless variety, very fun and delicious for flavor.

Mixing Molecules

Let’s imagine that every possible pattern you could encode on your olfactory bulb by switching smell receptors signals on and off corresponded to a distinct smell you could smell. If you ran through them all, you’d count 2400 of them—2 times 2 times 2 times 2 times 2, until you’ve multiplied 400 times. This is a really, really big number—about 2,580,000,000,000,000,000,000,000,000, 000,000,000,000,000,000,000,000,000,000, 000,000,000,000,000,000,000,000,000,000, 000,000,000,000,000,000,000,000,000,000,000 (or 2.58 x 10120). That’s quite a bit larger than physics estimates for the number of atoms in the observable universe (1080). Larger, as in roughly the size of the difference between the smallest distance we can measure with an electron microscope (many times smaller than the size of an actual atom) and the distance between Earth and Earendel, the most distant star we’ve ever detected, 28 billion light-years from us.

In short, our biology sets us up with a lot of flexibility for smelling different smells—maybe to the point of overkill. Scientists have used other techniques to estimate what this translates to in reality.

Older estimates pegged the number of smellable molecules at 10,000. More recent research based on a really big database of known molecules calculated that there could be 40 billion that have the right chemical properties to be smellable. What we know for certain, though, is that there’s a hell of a lot more molecules we can smell than molecules we can taste, each with its own set of sensations.

Although it’s useful to understand what flavor elements come from individual molecules, it’s a somewhat academic exercise: you never smell just one type of molecule, unmixed with any others, outside of a laboratory. The smell, as well as the flavor, of any ingredient comes from a blend of multiple smell molecules. For very simple things, like herbs, spices, or fruits, that might be a few dozen. For something more complex like wine, coffee, or chocolate, we’re talking hundreds or even thousands.

When you smell any of these mixtures, each of these many smell molecules bind to its own set of olfactory receptors at the same time, and they pass their signals on to the olfactory bulb simultaneously with one another.

The olfactory bulb is a diligent record keeper, and generates its QR-code smell image from those signals, whether they’re from pure eugenol molecules or a gingerbread cookie, with cloves and other spices and all their retinue of flavor molecules. Since individual molecules fire off multiple receptors anyway, the olfactory bulb doesn’t really distinguish whether the signals it gets are from just one kind of molecule hanging out in your nose or a mix of molecules. (There might not even be a way for it to tell at all.) It generates its patterned, indexable, QR code regardless.
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Even the very chemically complex foods just mentioned—wine, coffee, chocolate—get recorded and encoded in a single snapshot. As a result, they’re all experienced as distinctive, memorable aromas rather than confused jumbles of a thousand different signals all talking over one another. These aromas are greater than the sum of their parts. Not only do they combine flavor notes you can recognize from their individual component molecules, but the mixture will also have new and unique ones that, a bit spookily, only exist when its components are brought together.

Most foods mix so many components into their flavors that very few of the molecules we can smell are unique to any one ingredient—more often, molecules pop up in the ensembles of quite a few, like cameos from a well-loved character actor. The pure, rich, deep note that adds weight to the “raspberry!” in raspberry? It’s from a molecule called beta-damascenone, and it’s also in apples, roses, wine, tobacco, black currant, and aged rum. Herbs and spices produce so many molecules in common that their flavors have more to do with the proportions of those molecules than the presence of any single one. Mixtures of aroma molecules can have significant overlap and still be unique and distinguishable. Basil, ginger, and cumin have notes in common, but each tastes like itself and isn’t easily mistakable for one of the others.

Even with all this overlap, we’re really good at assigning distinct odor images (“QR codes”) to mixtures. I’ve seen estimates that there are at least one trillion mixtures-as-smells that we can sense and tell apart.

If you look at cooking as creating combinations of ingredients, and thus mixtures of aroma molecules, you can see you’re set up to create flavor synergy like this every time you step into the kitchen. Your olfactory bulb doesn’t really care what you throw at it—it’s set up to make a complete pattern from whatever you’re smelling, and your brain is set up to read these as holistic impressions of flavor.


Smells on Smells on Smells


	You can smell way more things than you can taste.

	Individual aroma molecules have multiple aroma qualities.

	No aroma molecules are totally unique to one ingredient.

	Ingredients contain many different aroma molecules.

	Mixtures of aroma molecules (which describes all ingredients you cook with) reflect some of the aroma qualities of their components, as well as some qualities that only exist in the mixture.








Chapter 3

Flavor First

Learning to Taste and Smell

The most important thing you can learn to make your experience with food better—cooking, eating, professional, amateur, whatever—is learning how to notice and name what your senses of taste and smell are telling you.

The ubiquitous phrase “salt to taste” reveals a lot. If you’re not tasting what you’re cooking, and not noticing the flavors that are there, how can you possibly know if you like the amount of salt in it, and how much more you need to add if you don’t? No one else can tell you what you like. That’s up to you.

And if I’ve piqued your interest in understanding more about how flavors work—and using that understanding to become a more creative and improvisational cook—know that theoretical knowledge will only get you so far. There’s no way to build your ability to notice patterns in flavor, and develop your own internal flavor compass, that doesn’t involve paying close attention to those flavors as you’re experiencing them. I think of it as training yourself to perceive reality as directly as possible—not what we’ve been taught to believe something is “supposed” to taste like, but what it actually tastes like right here, right now.

If that sounds intimidating, take a breath. When you hear that someone has a “good palate,” it can sound as if being able to taste something and know that it “needs acidity,” or coming up with illustrative language about a wine you’ve just sampled, is a sixth sense that you either were born with or made an unsavory supernatural deal to get.

Fortunately, this is mostly bullshit. We’re built to taste and smell; most of us are just in need of practice. I know, because I’ve trained dozens of people to become precise analytical tasters for real, published research—and you don’t need to be nearly that precise for tasting and smelling to be supremely useful.

The gold standard for rigorous, scientific tasting—the kind used to painstakingly generate reproducible data for research—goes by the rather bland name of “descriptive analysis.” Descriptive analysis has a few steps that work together to get tasters really good at tasting and identifying flavors, and we are going to steal them so we can improve as tasters, too.

If you were one of my research subjects (we’d call you a “judge” or a “trained assessor”) and made it through an initial screening to make sure there wasn’t something medically strange about your sense of taste and smell, we’d start off with an experiment on simple tasting and talking. You and the other judges would taste examples of whatever it is we were going to study—sparkling wines with different kinds of fizz, gins, artisanal vinegars—and make notes about everything you could taste. Orange peel? Leather? Dirt? Raspberries? All on the table. We’d taste several examples, because articulating a difference in flavor by comparing two things is often easier than pulling words out of thin air.

The next time you came in for the experiment, we would taste the examples again—but I would also have collected tangible, smellable references for all the flavors you said you thought were important, and then I’d make you smell all of them. For “orange,” you’d smell orange peel, orange candy, and orange marmalade. For “raspberry,” fresh raspberries, frozen raspberries, raspberry jam. For “dirt,” potting soils. For “leather,” suede, chamois, and garment leather, which all smell a bit different. Then you’d have to tell me which one matched what you were smelling in the actual samples. This step is crucial: it ties the sensations inside your head to concrete, real-world examples that everyone else is smelling, too.

Then, we taste, and taste, and taste and taste and taste. Every time you came for us to collect data—and there would be many sessions—I would make you smell all the references blind, and quiz you on them. If you missed any, you’d have to go back and try again. With those flavors fresh in your mind, you’d taste the samples we were actually doing research on—tasting one sample, going through each of those reference flavors one by one and noting how much of each you could detect, and then repeating it with the next sample. We’d do this multiple times for practice until you were consistent, then, finally, taste for real.

All of these steps boil down to a few rules to follow.

Pay Attention

Rule #1 of tasting and smelling: Palate is 99 percent paying attention plus practice. Scientifically speaking, most people are actually pretty excellent at distinguishing between flavors, which is the foundation of palate. Give an average person two fairly similar foods—two types of orange juice, or tea brewed by different methods—and they’ll usually be able to tell their flavors apart, even if they can’t name exactly why. This ability is part of being human, like learning speech. You already have more experience with it than you think.

At your next meal, smell, taste, and sit with your perceptions. You might start by tasting a dish you’ve made from a recipe you love. What do you notice about it? Do some flavors show up on first bite? Do others layer on top of them? Are some cutting through others, maybe providing some lightness? Is salty or sour or spicy sticking out? Is there anything dark or heavy?

You should also try tasting raw ingredients. (Maybe not raw meat, but things that don’t pose a major safety issue.) Are they very sour or sweet or pungent? Do you notice umami? Are there fruity or herbal qualities? Are those more berry-fruity or apple-fruity? Are they sagey and a little heavy, or more fragrant and delicate? Do any of the flavors in the raw ingredients show up in the finished dish? Different versions of those flavors?

These questions will have you referencing your internal catalogue of flavors. I think of it as the memories of flavors you’ve experienced before, where you experienced them, and what they went together with, all arranged like paint chips at the hardware store or in a thick deck like a Pantone guide. When you’re trying to put a name to a flavor, you flip through them like a graphic designer flipping through their Pantone to find just the right color. But no one is born with this catalogue—you build it for yourself by paying attention and carefully considering flavors and smells.

Compare

You might find yourself sniffing and tasting a cup of coffee really carefully and, frankly, it still smells like . . . just coffee? It smells good, sure, but you’re not getting any of the florid notes described on the bags of beans at an artisanal roaster. Naming what you’re tasting gets a lot easier when you add in a little of what humans are really good at: telling flavors apart.

Next time you’re able to, compare two versions of the same kind of food side by side. When you’re at a coffee shop with a friend, each get a cup of pour-over made with different beans—maybe one from Kenya, one from Honduras. Or if you’re at a bar, order a flight—three or four scotches, amari, or even tastings of beer. If you’re shopping for fruit, get plums, peaches, and apricots, or three or four different kinds of citrus.

Taste one, then the other. Sniff them deeply one by one. Go back and forth from one to the other, and pay attention to what you get from each. Also pay attention to what jumps out when you smell and taste the two samples next to each other. You’ll often get a “tip of the nose” feeling—you know they’re different, you can feel why, you just can’t name it. But if you can notice a difference in flavors, you have a starting point for learning how to describe it. You have a starting point for naming what’s similar about flavors, if anything, despite that difference. And you have started the process of remembering and being able to recall those specific flavors, just by paying more attention to them.

Now that you have experience paying attention, start to articulate differences. You can probably pick out which one tastes more acidic, bitter, sweet, or salty after a few tries. Maybe one smells brighter, the other more muted. Maybe one is spicier and the other is fruitier. Maybe one reminds you of an old book, and the other smells more like toasted bread. Comparing like this gives your mind something to latch on to, to tease out associations to the differences you know you are detecting, rather than smelling just one thing and casting about in a sea of possible associations to make an identification.

Use References

I’ve definitely been in tastings where there’s that one guy (or girl, etc.) who just has to take it beyond useful shoptalk—noticing and describing five or six key flavor notes in a coffee, and what those say about where it was grown and how it was processed and roasted—and show off how special their palate is. They insist that they taste not mere caramel, but specifically salted caramel. Not mere banana, but specifically bananas foster, with an unstated edge that anyone who doesn’t detect it is an idiot.

It is not a problem if your immediate association to a flavor is something like salted caramel or bananas foster. Your sense of flavor, especially smell, works by making associations to things you’ve tried and noticed before. If it works for you, it doesn’t really matter if what you are calling “rose” isn’t perfectly identical to what you’d smell while smelling a rose, or if your brain goes to “blueberry cake” in something that only partially smells like blueberry cake.

But, remember, you also don’t need to make up romantic word poetry just for extra points. Flavor is its own poetry! More language is useful if it helps you clarify, but for its own sake, it can muddy the definition of what you were intending to explain better.

Maybe you taste something and make an association to salted caramel. Is that because it is salty and caramel-smelling? Caramel is generally just caramelized sugar and water, whereas







Practice Makes Perfect





Be Nice to Yourself
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