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			CHAPTER 1

			The Tongue Map

			Early in his psychology career, Edwin Garrigues Boring often used himself as a guinea pig. As a graduate student at Cornell University in 1914, he swallowed feeding tubes to measure how his esophagus and stomach responded to different foods, and sliced a nerve in his own forearm in order to document its gradual regrowth. In 1922, just before Boring was to start a teaching job at Harvard, he was struck by a car on a rainy night. He lay in a hospital bed for six weeks with a fractured skull and short-term memory loss, forgetting his conversations with visitors within a few minutes. After he recovered, Boring used this experience to analyze the nature of awareness, pondering whether someone living in an eternal present was truly conscious.

			This hands-on sensibility helped make Boring one of the twentieth century’s most influential psychologists. It wasn’t by virtue of any single theory or discovery. (Though he did popularize a minor curiosity, the “Boring figure,” an optical illusion in which a slight shift in perspective flips the image of an old woman’s face, as perceived by the eye and the mind, to that of a young woman’s head.) Instead, Boring made his mark by changing the popular conception of psychology itself. When his career began, the field was a hodgepodge of disciplines, equal parts philosophy, therapy, and lab experimentation, each with its own approach and terminology. From his influential perch at Harvard, Boring pushed to make it more consistent and rigorous, to have it hew more closely to the scientific method. He believed a scientist was obligated to relentlessly scrutinize and measure his own sensations, grounding all findings in direct observation—a tenet of the philosophy known as positivism. This was the closest science could possibly get to the truths about reality it aspired to capture.

			But there was a point in his career when putting these beliefs into practice could have averted a major scientific misunderstanding, and Boring failed spectacularly. The mishap involved the nature of taste. By the 1940s, Boring had become an accomplished historian, chronicling the emergence and evolution of modern psychology. His 1942 volume, Sensation and Perception in the History of Experimental Psychology, is still considered a magisterial survey of the science of the human senses stretching back to Sir Isaac Newton’s seventeenth-­century studies of light and color.

			Boring covered taste and smell in a relatively brief chapter in the book, twenty-five pages out of seven hundred. Midway through it, he reviewed an experiment done in 1901 by David P. Hänig, a German scientist. Hänig had brushed sweet, salty, bitter, and sour solutions—representing the four basic tastes, important components of flavor—on different areas of the tongues of volunteers, and then asked them to rate their relative strength. He found the threshold for detecting each taste varied around the edge of the tongue. The tip, for example, was more sensitive to sweetness and to salt than was the base.

			It wasn’t clear what this meant—if anything—and the differences were very small. But Boring found this notion interesting and went to some lengths to illustrate it. He borrowed the data from Hänig’s study and turned it into a graph. The graph was just a visual aid; it had no units, and its curves were impressionistic. But the result was that—perhaps to dramatize the point, or perhaps inadvertently—Boring made small differences in perception appear huge.

			The wayward chart became the basis for a famous diagram of the tongue, divided into zones for each taste: The tip is labeled sweet and the back bitter. Along each side, salty is close to the front, and sour is behind it. The center is blank. Linda Bartoshuk, a professor of psychology who has studied this map’s origins, believes it came about through a game of “telephone”: First, Boring exaggerated Hänig’s findings. Then researchers and textbook editors misinterpreted Boring’s graph, using the peaks of its curves to label specific areas on the tongue. A final round of confusion produced a diagram with taste boundaries clearer than those on a world map.

			The tongue map offered a simple explanation for how the tongue processed tastes, a phenomenon everyone knew intimately. Teachers embraced it. Generations of elementary school students sipped and swished water spiked with either sugar, salt, lemon juice, or tonic water in a classroom experiment designed to dramatize the tongue map. Like air raid drills or dodgeball, the tongue map became a feature of postwar American schooling and lodged itself in the popular imagination.

			However, these demonstrations no doubt confused more children than they enlightened, as many found they couldn’t detect the supposedly dramatic taste gradients. Even as the tongue map took on the mantle of conventional wisdom, research revealed that it wasn’t merely an exaggeration or ­misinterpretation but totally wrong. In 1973, Virginia Collings of the University of Pittsburgh repeated Hänig’s original tests. Like him, she found very limited variation in the tongue’s taste geography. In the 2000s, more advanced tests showed that all five tastes (“umami,” or savoriness, was recognized as a fifth in 2001) can be detected all over the tongue. Every taste bud is studded with five different receptor proteins, each tailored to detect molecules of one of the basic tastes.

			Had Boring done some taste testing himself instead of interpreting Hänig’s forty-year-old data, he might have noticed the problem with his graph. Instead, he launched one of the more widely disseminated bits of scientific misinformation in history.

			The old diagram has lost much of its cachet in recent years. But it still lingers in some areas of the culinary world, including coffee and wine tasting, which value tradition and continuity as much as science. Claus Riedel, the Austrian glassware designer, used it to create wineglasses whose unique curvature is intended to deliver each sip to the right place on the tongue to release the full flavor. (Riedel died in 2004; since then, his son and successor Georg Riedel has acknowledged that science undermines the tongue map, but maintains the glass designs work.) Boring died in 1968, before the map had been discredited. That he made a fundamental error about the nature of one of the senses, which he considered the building blocks for understanding both the mind and the universe, is an irony that he would doubtless have found mortifying. It was no mere miscalculation, but a basic error about a universal human experience. Everyone knows the gratifying “Mmm” of sweetness and the stark taste difference between a pinch of salt and a fistful. Cheesecake makes the brain explode with pleasure. The complex tastes in coffee are a global obsession. Recipes distill entire cultures down to a single sensation. Flavor is one of a very few things that make day-to-day existence not just survivable but consistently enjoyable.

			Why did this happen? Mere carelessness doesn’t seem like an adequate explanation of Edwin Boring’s disregard for his positivist philosophy, the foundation of his life’s work; nor does the fun of the tongue map experiment completely account for its persistence given that it never really worked. Boring’s mistake may be flavor’s version of the Freudian slip, an apparently superficial error that reflects hidden conflicts.

			One reason for the befuddlement is that for thousands of years, scientists and philosophers have viewed taste and flavor as less-than-worthy subjects for study. The ancient Greeks considered taste to be the lowest and grossest of the senses. Vision can discern the subtleties of high art or the smile of a loved one, but taste’s mission is simple: to distinguish food from everything else. The Greeks thought the temptations it posed in carrying out that mission clouded the mind. In his dialogue Timaeus, Plato wrote that the sense of taste was caused by the varying roughness or smoothness of “earthy particles entering into the small veins of the tongue, which reach to the heart.” The heart was the seat of the baser bodily sensations, while thought and reason occupied the “council chamber” of the brain. Of course, food was headed for the belly, a ravenous beast knocking about far below the deliberating council: “the belly would not listen to reason, and was under the power of idols and fancies.”

			Plato practiced what he preached: in his Symposium, guests gather for a banquet, but decline food or drink in order to keep their minds clear for the discussion on the nature of love.

			These biases became a fixture in thought about the senses for centuries. The German philosopher Immanuel Kant wrote in the eighteenth century that flavor was too idiosyncratic to be worthy of study. To Kant’s eye there were apparently no universal principles governing it, like those governing the behavior of light. Even if there were, they could not be derived from observation, because there was no way to observe the mind. Taste would always elude us. Kant’s contemporary David Hume disagreed, arguing that good taste in food was tied to good taste in art and all things. But it was Kant’s more skeptical attitude that persisted.

			These withering assessments overlook a great deal, and they reflect a certain discomfort. Flavor embodies the basic savagery of being an animal, devouring the flesh of other animals and plants in order to stay alive—and loving it. In flavor the order of civilization momentarily disappears and is replaced by carnage. Confronting this part of human nature is unnerving. Eating and drinking are also forms of intimacy that are, in their own way, as powerful and unsettling as sex; after all, they involve taking something inside the body, many times a day, with flavor as a seducer. Flavor is a conscious manifestation of ancient, inexorable drives that make life possible. Sigmund Freud believed the central drama of life sprang from the sex drive. But the drive for sustenance, which runs on a similar cycle of craving, pleasure, release, and satisfaction, maintains a more powerful, consistent grip on our lives and motivations.

			The other problem in studying flavor is the basic inscrutability of a phenomenon that unfolds entirely within the body, brain, and mind. Vision, hearing, and touch are “shared” senses. We all see (or think we see) the same shades of color, hear the same sounds, feel the same textures with our fingertips. This gives scientists a common frame of reference with which to conduct experiments, collect data, and compare notes on these phenomena and the senses that perceive them.

			There is no such shared reality with flavor. Like light and sound, the chemical components in food and drink are objective, measurable quantities. Yet the perceptions of them vary wildly from person to person: There are delicate sensibilities and dull ones. Foods beloved by some are despised by others. Tastes vary by culture, by geography, even by one’s mood. A scene from Don Quixote captures these subtleties. Sancho Panza, the slovenly, loyal squire, boasts to strangers that a sensitive palate (a sign of good breeding) runs in his family. He tells the tale of two relatives judging a fine wine in a tavern. One sips it, swishes it in his mouth, and says it’s wonderful, except for the slight taste of leather. The other takes a drink. It’s excellent, he says, except for that off hint of iron. The barflies mock the relatives for putting on airs. But when the wine cask is emptied later, the tavern owner finds an iron key on a leather thong.

			Such differences of perception offer hints at flavor’s inner workings, a secret world lying just under the surface of everyday experience, waiting to be cracked open. But this subjectivity is also exactly what makes it so difficult to formulate general principles about flavor chemistry or perception. Newton devoted years to the study of light and color perception, and founded the science of optics—demonstrating, among other things, that white light was not the absence of color but a blending of all colors. But there was never a Newton of taste—no Enlightenment-era scientist to revolutionize the field and set it on a path to a modern understanding.

			The combination of inaccessibility and unease conspired to keep taste and flavor on the scientific margins for most of the past two thousand years. The ancient Greeks first formulated the idea of “basic” tastes as irreducible elements, the atoms of flavor. Some of the earliest known attempts to explain taste were made by the physician Alcmaeon, who lived in the Greek city of Croton in Italy and wrote sometime between 500 and 450 BC. He thought the tongue, like the eyes (and nose and ears; for some reason, touch was left out), had its own poroi, or channels, that transmitted perceptions, like barges delivering amphorae of wine, to the brain. That’s exactly what nerves do. In the fifth century BC, the philosopher Democritus declared that the perception of taste depended on the shape of individual atoms, the postulated smallest units of matter: sweet atoms were round and relatively large, so they rolled around on the tongue, salt atoms were shaped like isosceles triangles, and pungent ones “spherical, thin, angular, and curving,” prone to tear the tongue’s surface and generate heat through friction, which explained the irritation they caused.

			With only minor variations, this conception of flavor has been a staple in most societies and civilizations from then to now. Traditional Indian medicine, known as Ayurveda, Sanskrit for “life-knowledge,” employs combinations of sweet, sour, pungent, bitter, salty, and astringent tastes to combat illnesses. Its weight-loss diet prescribes foods that are pungent (a product of the elements fire and air) or bitter (air and ether) to combat an excess of kapha, or phlegm (earth and water). Carl Linnaeus, the Swedish botanist who in the eighteenth century invented the modern scientific system for naming species and classifying life, identified the basic tastes as sweet, acid, bitter, saline, astringent, sharp, viscous, fatty, insipid, aqueous, and nauseous. The idea behind the tongue map, that nature has cleanly divided the tongue’s territory into taste regions, grows out of this tradition. It is simple and appealing, like the nineteenth-century phrenology diagrams that mapped various mental capacities onto areas of the skull. But in recent years, flavor’s once mysterious, closed-off domains have begun to open up. Scientists employing new tools and technologies have deepened our understanding of flavor, helping it to shake off its second-class status among the sensory phenomena and placing it squarely in the vanguard of the study of human biology.

			The old philosopher’s claim that flavor was impervious to scientific inquiry is now moot. Flavor science made great strides in the twentieth century; in the twenty-first it has moved ahead at astonishing speed. Receptors for all five basic tastes have been found, and it looks like fat may be identified as the sixth. Scientists are beginning to understand the connections between mind, brain, and body: why you think you have to have that cheeseburger or glass of wine.

			This book is a brief biography of flavor. The narrative begins at the dawn of life on earth and ends in the present, and explores the structure of this unique sensation, from its molecular building blocks through more sophisticated levels of body, brain, and mind. Flavor has grown deeper and more complicated at each stage in its development over millions of years. It has driven evolution, and lately human culture and society, in new directions. It is a kind of slate on which human struggles, aspirations, and failures have been written, erased, and written again. We owe our existence and our humanity to it—and, in many ways, our future depends on it, too. As science unlocked flavor’s secrets, its influence over what we eat and drink exploded. From the food labs of large corporations to the kitchens of the world’s finest restaurants to the bar down the street, science shapes surprising and sometimes alarming new sensations tied to both our DNA and our deepest drives and feelings.

			In March 1998, scientists at the National Institutes of Health (NIH) in Bethesda, Maryland, found themselves on the cusp of one of these paradigm-changing advances. They were searching for a sweet taste receptor, a kind of protein on the tongue specially tailored to snare sugar molecules out of the slurry of mashed-up food and drink in the mouth. More than two thousand years after Democritus and Alcmaeon, science was finally closing in on the mechanism of taste that enables us to transform the molecular arrangements in food into sensory perceptions and, ultimately, culinary art.

			Over the previous decade, the science of genetics had made startling advances. For the first time, scientists were decoding the entire length of human DNA, the helical, ladderlike molecules found in chromosomes in the nucleus of every cell. The total human genome is made up of three billion pairings of four molecules known as bases; each pair forms a rung in the ladder. The variations in the pairs constitute a code that maps out the blueprint for the body and all its functions. Every person gets two of these blueprints, one from each parent. Uncoiled, the DNA in a single cell would be about six feet long; if all the DNA in the human body were laid end to end, its length would be the equivalent of seventy round-trips from Earth to the sun.

			Isolating genes—discrete segments of DNA that carry out specific biological instructions such as making proteins, the body’s basic building blocks—had enabled scientists to find and treat diseases and to better understand human evolution. Now, genetics offered a way to quantify the intangibles of flavor, to explain its bewildering diversity. The nose’s receptors for smell had been isolated and their genes decoded seven years earlier, an effort that later won a Nobel Prize. The smell receptors had been comparatively easy to find. They were plentiful and concentrated in the small patch of tissue on the roof of the nasal cavity; live ones can be easily harvested.

			But the search for taste receptors had dragged on. They had proven almost impossible to isolate: Not only are there relatively few taste-­detecting cells to begin with, but it is difficult to coax a reaction from them. The body has a vast apparatus to detect all kinds of cues, from hormones on the inside to heat, cold, pressure, light, and chemicals on the outside. Most of these reactions are very sensitive. It takes only a tiny dose of adrenaline to get a rise out of the receptors that detect it. But taste receptors are about a hundred thousand times less sensitive. This is because they interface with the chaos of the world around us. Given the sheer volume and variety of sensations the tongue encounters in a single meal, the brain would overload if every molecule lit up the taste receptors. Taking a sip of Coke would be like staring into the sun.

			The NIH scientists, led by Nick Ryba, had finally leaped many of those hurdles. They were examining taste bud cells while also searching stretches of the genome, hoping to match up a taste receptor protein with the gene that created it. They harvested DNA from the taste buds of rats and mice, whose sense of taste is similar to our own. The trick was finding the right individual gene: a short, specific stretch of code tucked somewhere among vast, unmapped tracts of DNA. Having that blueprint would enable them to clone copies of the receptor so they could easily study its structure and workings.

			In a short span of time, science had become quite adept at slicing, dicing, and sorting these once-indistinguishable molecular strands. At NIH, scientists found a way to turn the scarcity of taste receptors to their advantage: They used a technique that plucked only the most unusual DNA snippets from across the tongue, separating them from more generic strings. Some of these had to contain the material for taste. Next, they took each fragment and injected it into taste cells harvested from rodents. If it latched onto the DNA in the cell, it was a taste receptor gene. This was, roughly speaking, like putting a toddler in a room with a woman you think may be the mother: if they hug, then you know they’re related.

			It worked: the scientists found half of a rodent gene for a sweet receptor; the second half was found soon after, and then the analogous human gene for sweetness. Their double genes mean that sweet receptor molecules come in two parts that fit together like a train coupling. They are bizarre, Lovecraftian-­looking things, tangled skeins of seven coils stuck in the surface of a taste cell. One coil reaches out into the void to snag sugar molecules floating by. When it does, an electrochemical chain reaction begins that travels all the way to the brain, igniting a burst of pleasure.

			Elsewhere, scientists were starting to crack another once-intractable problem, the subjectivity of taste. A few years after the sweet receptor discovery, volunteers in an experiment at the University of Groningen in the Netherlands lay on a table with pacifiers connected to long straws in their mouths. They were then slid into a magnetic resonance imaging (MRI) scanner that recorded their brain activity as they sipped bitter tonic water through the straws. Later, they were scanned while looking at photos of people grimacing in response to a taste of a drink, and again as they read brief scripts intended to evoke distaste or disgust. The purpose of this experiment, run by neuroscientist Christian Keysers, was to explore the relationship between tastes and emotions. During the 1990s, the emergence of this type of scanner, called a functional MRI (fMRI), allowed scientists to see which parts of the brain were active when a person ate or drank, smelled an aroma, or read—anything that could be done while one’s head was immobilized.

			There were limits to this approach. It showed associations between real-world actions and arcing networks of neurons in the brain, but not exactly what those associations meant. But it was a revealing waypoint between the chemical reaction of taste on the tongue and the mind itself.

			Their findings were strange. As volunteers imagined bitterness in a story, or saw photos of a wince of distaste, their brains experienced a “bitter” reaction. These patterns varied slightly in each part of the experiment, reaching out to encompass different parts of the brain. Taste seemed to be a cornerstone of higher functions such as imagination and emotion.

			The next twist in this story is still being written; it hinges on certain lingering mysteries. Flavor remains frustratingly paradoxical. Like other senses, it’s programmed by genes; unlike them, it is also protean, molded by experience and social cues, changing over the course of a lifetime. This plasticity is wild and unpredictable: people can learn to like or dislike almost anything, which is why the range of flavors in the world is seemingly infinite, and why the old tongue map was useless.

			Everyone lives in his or her own flavor world, which takes form during early childhood and evolves over the course of our lives. This world is created by the clash of ancient evolutionary imperatives meeting a lifetime’s worth of high-octane processed foods, cultural cues, and commercial messages.

			The flavor preferences of my own children, born two years apart, were apparent as soon as they began to eat solid food. Matthew, the elder, relished extremes. He started eating jalapeños in preschool and liked coffee from the time he was nine. Every so often, usually in the summer, he would sit down with a lemon or lime, quarter the fruit, add salt, and devour it with the peel. His sister, Hannah, craved bland, rich flavors, and the foods she ate tended to be white or beige: cheese, rice, potatoes, pasta, chicken. She preferred chamomile tea to coffee, and milk chocolate to dark. Yet both were picky eaters: they knew what they liked and rarely departed from it. Getting them out of their respective comfort zones to try something new was nearly impossible.

			This combination of divergent tastes and limited likes turned grocery shopping or restaurant-going into a kind of Rubik’s cube challenge; only pizza satisfied everyone. I made most family dinners, and struggled to get them out of a rut dominated by the same handful of dishes presented with only slight variations in a weekly cycle: pasta, roast chicken, or chicken nuggets for Hannah, hot dogs or shrimp in Szechuan sauce for Matthew. My wife, Trish, and I were more adventurous, but the convenience of this routine dragged us in, too.

			The appetites of children are a crucible where the forces of chemistry and culture collide. The sweet tooth, the scourge of modern nutrition and dentistry, is crucial to childhood development. In newborn babies, sugar acts like aspirin, soothing pain. The Monell Chemical Senses Center in Philadelphia, a think tank that studies taste and smell, found that children with a strong taste for sweets also had higher levels of a hormone tied to bone growth. A yearning for sweets pointed early human children to then precious sugars in fruits and honey, and when combined with sourness, to citrus fruits packed with vitamins C and D.

			Picky eating is likely a holdover from the same epoch, when humans lived together in small migratory groups and children—thanks to their tendencies to wander and to shove random things in their mouths—faced a constant threat of poisoning. Today, a limited diet is a danger to long-term health, and in its most extreme form pickiness has been labeled an eating disorder, called food neophobia.

			Children have strange tastes because they are bizarre creatures. Taste and smell develop earlier than other senses, so a fetus’s sensory universe consists almost entirely of the smells and tastes in amniotic fluid. This makes a lasting impression. In another Monell study, the babies of women who drank a steady diet of carrot juice during their pregnancies or during breastfeeding later took a shine to carrot-flavored cereal.

			Then, between birth and the ages of two and three, a baby’s synapses—the connections between neurons that form networks in the brain—multiply from about 2,500 per neuron to 15,000 (an adult has 8,000 to 10,000). This temporarily ties the senses together. Young children live in a fugue of overlapping sensations, one reason why early flavor experiences evoke not just meals but entire moments. As children age, experience gradually trims the thicket of neurons, and better sensory connections emerge. During this process, kids’ tastes vacillate between conservative stretches and probing, adventurous periods.

			During the teen years, intense tastes fade along with the physiological demands and evolutionary imperatives of childhood. A subtler palate takes their place, though the original likes and dislikes never quite disappear. This muting allows the range of tastes we can experience to increase, and our reservoir of food memories and associations deepens. Sensations bubble up, synapse by synapse, from chemical reactions in the nose and mouth. Meanwhile, food engages the other senses, tapping the mind’s capacity for learning, understanding, and appreciation. Back and forth it goes: the mind shapes taste, and experience shapes the mind. A version of this dialogue has gone on through billions of meals since life first developed an appetite.

		

	
		
			CHAPTER 2

			The Birth of Flavor in Five Meals

			The first inklings of flavor appeared as early life-forms began to sense the world around them and the taste of nutrients floating by in seawater excited primitive nervous systems. Countless meals were consumed as life evolved over the hundreds of millions of years that followed. Like Russian nesting dolls, our modern tastes contain those experiences. No matter how cultured one’s palate or subtle the ingredients in a dish, a taste summons raw urges out of the deep past, echoing evolutionary twists and long-ago life-and-death struggles over food. Five ancient meals, each taking place at a turning point in evolutionary history, help explain where the sense of flavor, and Homo sapiens’ talent for culinary invention, came from.

			The First Bite

			The creature resembled a scarab. About an inch long, with a soft, ribbed carapace, it scuttled across the sand in a primordial coastal shallow. Then it sensed a threadbare tapestry of smells, vibration, and shifting light. Its wormlike prey burrowed into the sand, trying to undulate its way to safety. But it was too late. The predator ripped it open with its pincer-­like mandibles, sucked it into its mouth and down its gullet, then continued on its way, searching for a sheltered spot to digest.

			Evidence of this 480-million-year-old meal was discovered in 1982, when a scientist named Mark McMenamin on a survey expedition spotted a tiny fossil imprint in a gray-green slab of shale. Without giving it much thought, he chiseled the impression out of the rock and bagged it along with dozens of other samples. Then a graduate student, McMenamin was surveying the geology of the Sonoran Desert for the Mexican government, picking over the flanks of Cerro Rajón, a summit about seventy miles southwest of Tucson in the Mexican state of Sonora. The ancient seabed had ended up on a mountaintop.

			To the untrained eye, the fossil looked like a series of faint scratches barely a quarter-inch long. When he studied it back at the lab, McMenamin recognized them as traces of the movements of a trilobite, etched into petrified mud. Trilobites were the ancestors of nearly everything in the animal kingdom: fish, flies, birds, humans. They left countless fossils in seabeds, making them a fixture in natural history museums. Many had shells with multiple segments and looked like a cross between a horseshoe crab and a centipede. This fossil’s pattern of markings was well-known, and even had a scientific name, Rusophycus multilineatus. McMenamin kept it and wrote about it in his PhD thesis. He thought little about it until more than twenty years later, when he was a professor of geology at Mount Holyoke College, studying the early evolution of life.

			McMenamin was examining the fossil again when he saw something he had previously overlooked. “It had this additional feature, not just the trilobite, but another sinuous trace fossil right next to it,” he said. “These things are rare.” He concluded the fossil contained evidence of an encounter between two creatures. The extra trace was an indication of a smaller, wormlike organism’s attempt to burrow into the mud. From the arrangement of the markings, it appeared the trilobite had been right on top of it. McMenamin employed Occam’s razor: the simplest explanation was that the trilobite had been digging for lunch. This was, he wrote, evidence of the “first bite,” the oldest known fossil of a predator eating its prey.

			What did this meal taste like? Is it even possible to imagine?

			Before this era, known as the Cambrian Period, flavor did not exist in any meaningful sense. Life on earth consisted mostly of floating, filtering, and photosynthesis. Bacteria, yeasts, and other single-celled creatures nestled in the furrows of granite and between grains of sand. Some joined together into slimy mats of cells. Organisms shaped like tubes or disks rode the ocean’s currents. “Eating” meant absorbing nutrients from the sea. Sometimes one organism enveloped another.

			Then, over tens of millions of years—suddenly, in geological terms—the seas filled to teeming with new creatures, including the trilobites, which became the most successful class of organism in the history of life; their dominion lasted more than 250 million years. Their emergence, about 500 million years ago, was when nature as we know it really began: for the first time, life began systematically devouring other life. Unlike their predecessors, these new creatures had mouths and digestive tracts. They had rudimentary brains and senses that allowed them to detect light, dark, motion, and telltale chemical signatures. They used this fancy new equipment to hunt, to kill, and to feed. As Woody Allen’s character Boris remarks in the film Love and Death: “To me, nature is . . . I dunno, spiders and bugs and big fish eating little fish. And plants eating plants and animals eating . . . It’s like an enormous restaurant.”

			No trilobites survive today, and fossils do not reveal much about their nervous systems, so assessing their sensory capabilities depends on educated guesswork. Certainly, they could perceive nothing like the complicated flavors of dark chocolate or wine. Human tastes, even the aversive ones, are full of subtleties and associations with other flavors, and to past events and feelings, the whole of our learned experience. Trilobites probably did not feel anything like pleasure, and retained only a few trace memories. Each meal would have tasted more or less the same. Its saliency would have come mainly from the slaking of hunger and the urge to attack.

			Still, these primordial elements of flavor were an extraordinary evolutionary achievement, and human tastes share this same basic physiological structure. Of course, that’s something like comparing a mud hut to Chartres Cathedral. But the foundation had been set.

			Some big change occurred in living conditions on earth to trigger this predator-prey revolution, which is called the Cambrian explosion. Scientists disagree about what it was. Some believe it was caused by a prehistoric bout of global warming that had melted the polar ice caps after a long deep freeze. The seas rose hundreds of feet, and water rolled far inland, over low hills and rocks with lichens and fungi (trees, grasses, and flowering plants did not yet exist), carving out lagoons and shaping sandbars and shoals, creating warm, shallow cauldrons ideal for life to flourish. Others trace it to a shift in the orientation of the earth’s magnetic field, still others to mutations that brought about the emergence of the action potential, the ability of nerve cells to communicate over distances, or other fortuitous changes in the DNA code.

			Whatever the precise sequence of events, an iron link was established between acute senses and evolutionary success. A biological arms race ensued as bodies and nervous systems adapted to rising threats and opportunities. The senses, once mere detection-and-response mechanisms, had to grow more powerful in order to guide complicated behavior. Flavor became the linchpin of this process. From the time of the trilobites to the present, foraging, hunting, and eating food have driven life’s endless bootstrapping, culminating in our big human brains and the achievements of culture. More than vision, or hearing, or even sex, flavor is the most impor­tant ingredient at the core of what we are. It created us. The ultimate irony, McMenamin says, is that the introduction of killing into the world, and with it untold suffering, also expanded intelligence and awareness, and ultimately led to human consciousness.

			Sweetbreads

			Drawn by the scent of decomposition, the jawless hagfish burrows into the bodies of dead sea creatures and then devours their carcasses from the inside out. This has proven to be a highly successful evolutionary strategy. Jawless fish, the first vertebrates, appeared about 450 million years ago, roughly 30 million years after the “first bite,” and the fossil record shows they have changed little since then. They are older by about 200 million years than their rival for the title of champion survivor, the cockroach. The hagfish, an outlandish-looking animal with an eel-like body and a sucker for a mouth, is sometimes called a living fossil. Humans are descended from some ancient relative of the hagfish; its anatomy and behavior offer a glimpse into the deep past, when the basic couplings between the brain and the senses were first established.

			To early predators, the trilobites, taste and smell would have been virtually indistinguishable. But in jawless fish, they assumed different jobs, and would not reunite until humans appeared on the scene. Taste became a gatekeeper to the body’s inner precincts. But smell reached out into the world. Hagfish swam through a shifting haze of scents. Smell created a picture of their surroundings in their brains: predators, potential mates, their next meal. To humans, the scent of rot usually triggers disgust. But this reaction is subjective. To the jawless fish, it meant survival and satisfaction.

			Where did this additional sensory power come from? Sometimes, mutations in the genetic code do not merely change the body—they add to it. Entire strings of DNA can randomly duplicate themselves; when their biological instructions are carried out, the organism acquires an extra set of something. Redundant tissues can be deadly, mucking up the body’s normal functions. But under the right circumstances, they can bring about significant evolutionary leaps. The original genes continue doing their established jobs, and natural selection works on the copies, which take on new tasks or build new body parts. The German writer and naturalist Johann Wolfgang von Goethe anticipated this powerful evolutionary force in the late eighteenth century, guessing that duplicate parts of the anatomy might transform themselves into something different. The structure of a leaf might be the basis for the flower petal. A skull might be a modified vertebra.

			In the jawless fish, receptors for smell were duplicated and the extras altered to detect new scents. Their immediate ancestors likely had only a handful of smell receptors; hagfish have more than two dozen. As life evolved, this process repeated itself many times over: some animals have as many as 1,300 kinds of smell receptors; humans have more than 300.

			The new sensations bombarding the first jawless fish would have been a cacophony to the brain of the average trilobite. So as the sense of smell grew sharper, the hagfish brain adapted. The olfactory bulb is a way station between the nose and the brain of all animals, converting smells to patterns of nerve impulses. In the hagfish, a new structure grew upward from the bulb, like a flower springing out of the earth. This structure was the forerunner of the cerebrum, the topmost part of the human brain that gives conscious form to virtually everything we do: it processes senses, perceptions, movement, and speech. In humans, the same sets of genes still jointly govern development of the olfactory anatomy and the brain’s basic structure. Smell has been the biological currency of feeling and action for almost as long as animals have had nostrils. It is the human sense of smell that gives flavors their vast range and subtleties. Proust, whose novel In Search of Lost Time is a reverie inspired by the scent and taste of a madeleine cookie dipped in tea, might have been taken aback to hear that carrion feeding was the starting point for humanity’s deep connection between smell and memory.

			Ant Soufflé

			About 250 million years ago, the global dinner table was abruptly cleared and reset. A wave of volcanic eruptions across the Siberian steppes, possibly triggered by a meteor impact, sent lava pouring over nearly a million square miles. Ash blotted out the sun for millennia. Acid rains raked the face of the planet. Plant life in the oceans and on land died off, and the atmosphere grew thick with carbon dioxide, making it all but unbreathable. This cataclysm, called the Permian extinction, eliminated 90 percent of marine species and 70 percent of land species (even most insects, which often escape such catastrophes). It was the biggest mass extinction in the history of life, a bookend to the Cambrian explosion 250 million years earlier.

			Into this blighted landscape sauntered two quite different kinds of animals: dinosaurs, and creatures that looked something like small furry lizards. The outlines of this story are familiar: dinosaurs dominated the planet until their own end came, while early mammals stayed out of their way, waiting their turn. But in the shadows and hollows where mammals skulked, a different storyline was unfolding.

			One of these protomammals, Morganucodon oehleri, lived about 50 million years after the Permian extinction. It wasn’t cuddly; Morganucodon laid eggs, and its long snout and ambling gait were reptilian. It had some mammalian traits: fur, warm-bloodedness, and a secondary joint in its jaw. But what really placed Morganucodon closer to the mammal camp were its heightened perceptions, forged around its endless hunt for food, which became the object of complex strategies and vivid gratification—the earliest stirrings of humans’ grand culinary passions.

			Morganucodon was a wisp of a beast, shorter than a man’s finger, but its whole body responded to the world. In a single moment, it could register the scent of a tiny lizard a hundred feet away, a termite mound over the next rise, and a dinosaur across a bog. Its eyes could spy predators in the dark. It could sense animals moving nearby via slight shifts in airflow over its fur. Whiskers helped it root through the underbrush for food. It usually found what it was looking for: trails that led to anthills, worms and grubs under rotting tree trunks, tinier mammals skittering across its path. Mealtimes, which in earlier epochs were all about filling the stomach and closing the abyss of hunger, were now focused more on the delicate senses of the mouth, offering earthy flavors and hints of pleasure.

			This was the world of the scavenger. If food wasn’t quickly and efficiently obtained, eaten, and digested, a Morganucodon would die, either of starvation or as some dinosaur’s snack. Mammals’ signature advance—warm-bloodedness—reflects this desperation, and the crisp urgency of each meal. Cold-blooded dinosaurs could eat and rest at varying tempos depending on how hot or cold it was, husbanding their energy. Mammals had to be constantly on the hunt, and good at it, because the metabolic furnace that maintained their body temperature demanded far more calories (a modern mammal at rest consumes seven to ten times the energy of a reptile the same size). As time went by and dinosaurs grew larger, mammals had to pour still more energy into evading them.

			A new brain structure evolved to manage these challenges. In humans, the neocortex is the outer layer of gray tissue that covers the rest of the brain (cortex is Latin for “rind”). Only mammals have a neocortex, and most are smooth; only human and ape neocortices are lined with the characteristic grooves and folds that greatly increase surface area, and thus processing power. Structures in the neocortex are responsible for most of our conscious perceptions, including flavor. It’s here where feelings, urges, and impressions bubble up to awareness and spur us to act. But the early mammalian neocortex’s most important job was to be a map of lived experience, recording smells, mates, threats, and meals—what tasted good and filled the stomach, where it could be found, and the tactics that had obtained it. Flavors now made tightly woven neural patterns of sensation, memory, and behavioral strategy, constantly updated and molded by new events.

			Tim Rowe, director of the vertebrate paleontology lab at the University of Texas, was investigating the emergence of the early mammalian brain when he came up against a serious problem: there was barely any evidence to examine. Brain tissue doesn’t fossilize. Nor did the soft, cartilaginous skulls of many early mammals. Morganucodon and some later relatives had bony skulls, but the fossils they left behind were tiny, and so old they might crumble at the slightest touch. But Rowe devised a clever way around this obstacle.

			In 1997, he started to use a CT scanner to create three-­dimensional images of meteorites. These were crude at first, but as computing power geometrically increased in the 2000s, Rowe modeled smaller and smaller objects, focusing on early mammal fossils. He got permission to scan a Morganucodon skull. As with Mark McMenamin’s Promethean bite, Rowe found new insights in an old fossil that had been sitting on somebody’s shelf; this one occupied a lab case at Harvard, where Rowe had himself handled it twenty years earlier. Now, he gently placed it on a small table inside the scanner. It spun, and over the course of five or six hours the scanner built an image of the skull, voxel by voxel (voxels are three-­dimensional pixels, the smallest components of the image). When complete, Rowe could enlarge the inch-long skull to the size of a ranch house. Studying every microscopic bump and fold in the bone, and cross-referencing it with ancient and modern anatomy, Rowe constructed a model of the brain that had occupied it, and a picture of life on the cusp of change.

			The brain was 50 percent larger, relative to body size, than those of Morganucodon’s immediate ancestors; a sharpening, more expansive sense of smell accounted for most of the growth. Early mammals likely had more than a thousand distinct smell receptor genes, making them far more sensitive to scents than dinosaurs, which had perhaps a hundred. Rowe’s work suggests this was merely the first of several large pulses of smell-brain growth. He scanned another fossil skull belonging to the species Hadrocodium wui, a relative of Morganucodon that lived about 10 million years later. (Both fossils were found in China.) Hadrocodium’s skull was only about a third of an inch long, broken into dozens of nearly microscopic pieces. But once scanned and virtually reassembled, it revealed a brain almost bursting with new nerves and perceptions. It was bigger overall and its neocortex more elaborate, with more power to process and weave together all of the senses. At its base, the spinal cord bulged, suggesting more complex connections between the body and the brain, and that it moved more quickly and gracefully than its predecessors.

			Echoes of this epochal transition persist in the fetal development of all mammals today. The first region to develop in a mammalian fetus’s neocortex is the area that represents the mouth and tongue, because of the essential role of nursing in its survival. The earliest sensations it processes are the warmth, smell, sweet flavor, and deep gratification of mother’s milk. The first mammals had long snouts and powerful lips, as well as well-developed whiskers. The mouth and nose became more than just anatomical tools for tracking food; they made food a focal point for all experience. In the great scavenger hunt, the mouth and nose led the way.

			Fruit Salad

			It was just a flicker of orange, but it blazed through the green. The band of monkeys, living in the African jungle about 20 million years ago, had spent days chewing on duller fare: mostly leaves, bitter roots, and bugs, plus a few pungent berries. Suddenly, here was the hint of something great. As they clambered over tree branches, their eyes narrowed, and more flecks of orange appeared. They leaped, swinging in unison to the right spot. They grabbed the reddish-orange fruits with all five fingers, crushing them, letting the juice dribble over their hands. One squatted on a branch, leaned back against the tree’s trunk, and bit into the fruit. The sweetness exploded on his tongue, tempered by a bitterness; a brief, blinding shock of pleasure. The feast would go on until pits littered the forest floor.

			The monkeys’ world would have encompassed only a few square miles, a territory probably similar in area to that of Morganucodon. They had also evolved in similar ­circumstances—scavenging and hiding from predators in the wake of the ecological catastrophe that killed off the dinosaurs, a giant meteor strike off the coast of the Yucatán Peninsula. But there were two crucial differences. Our ancestors’ hunt for food, formerly a ground-based affair, had moved upward into the trees. It now occupied three dimensions instead of two, and a new form of vision, paired with depth perception, rendered it in vivid colors. This advance yoked vision closely to flavor. The bright color of the forbidden fruit must have been what first caught Eve’s attention in the Garden of Eden, and this is still the case with our own meals. Colors, shapes, and the arrangement of food draw the eye and whet the appetite.

			Most mammals have two-color vision: their retinas, the image-sensing area at the back of the eyeball, contain two kinds of specialized sensors called cones, with receptors that detect blue or red wavelengths of light. An animal with two-color vision can distinguish about ten thousand distinct hues. But about 23 million years ago, a gene replication occurred in a species of monkey. Those affected received a third set of cones that became tuned to the yellow band of the spectrum. Hues that had appeared flat and gray to earlier mammals now became purple, pink, sky blue, mauve, teal, coral. Reds grew deeper and subtler, greens softer and more varied. Primates with this enhanced vision, which today include some—but not all—monkey species, all apes, and humans, can detect up to a million colors. (Birds have four types of cones, and fantastically rich color vision.)

			Finding fruit in a jungle setting is difficult, a “Where’s Waldo?” problem: the eye and brain must detect a distinct color signal out of the predominant hue. In the 1990s, Cambridge University neuroscientists Benedict Regan and John Mollon set out to test the fruit-vision hypothesis. They focused on red howler monkeys in the jungles of French Guiana. As if to demonstrate its own evolutionary potency, three-color vision emerged again, independently, in howler monkeys in the Americas about 13 million years ago. It’s guesswork to say what made it so successful, but there is one obvious candidate: color vision helped primates spot ripe fruit.

			Howler monkeys favor the fruit of the Chrysophyllum lucentifolium tree, which have tough skins that they rip open with their teeth, and large seeds that pass through the primate digestive system. The fruits ripen to a rich blend of yellow and orange, an ideal contrast with surrounding greenery. For days a team of researchers camped out in the lowland forest, beneath a leafy canopy about a hundred feet above them. They followed groups of monkeys as they scrambled through the treetops, collecting the remains of devoured fruits.

			Using a spectrometer to measure the wavelengths in the colors of the plants, the scientists found that the pigments in the retina of the howler monkey are almost perfectly attuned to the task of spotting ripe, yellow fruit amid the foliage. This was apparently no accident; the Chrysophyllum fruit’s colors occupy a very narrow band of the spectrum. Natural selection seemed to have finely tuned one to the other, producing advantages for both: food for monkeys and a way for the fruit trees to disperse their seeds. (Other foods may have also played a role: in some primates, three-color vision may have evolved to spy nutritious young red leaves among green foliage when fruits were scarce.)

			Colorful fruit, then, wasn’t just a rare, tasty treat or even an important element of the prehistoric food pyramid. It was part of a broader survival strategy. The nocturnal cycles of the monkeys’ ancestors now gave way to daytime sweeps. High in the trees in the light of day, colors supplanted scents. Smell, so central in the development of intelligence and awareness, receded. Now vision took point. This tilt from one sense to the other is written into our genes: primates with three-color vision have fewer working olfactory receptor genes than those without it, meaning they can detect fewer scents.

			Forests and jungles are filled with edible leaves, but fruit trees are scattered, and some bear fruit only at certain times of the year. Survival depends on some level of planning. To keep eating, an animal has to remember where the best trees are and when they’re likely to produce edible fruit. Fruit is a true prize, and it takes smarts to get it. Fruit-eating chimpanzees, bats, and parrots have bigger brains relative to body size than leaf-eating gorillas, grub-eating bats, and most other birds, respectively.

			Unlike solitary Morganucodon, ancient monkeys moved and worked together as a group, communicating by sound, glance, or gesture. Superior eyesight helped here, too. Their eyes were set forward in the head, giving them three-­dimensional vision—oddly, this anatomy is typical of predators, not scavengers. It puts potential prey in the center of the visual field, where it can be swiftly identified, evaluated, and attacked. But for primates, depth perception made it easier to spot the movements of stealthy, camouflaged predators, and to travel swiftly through networks of branches in low light, where one wrong move could mean a deadly fall. With just one pair of eyes, focused forward, each individual’s survival depended on the whole group acting as a unit, with multiple pairs of eyes pointing in all directions.

			The demands of the hunt would have also favored ever-more-expressive faces. The brains of apes and humans have much larger visual cortices than those of other mammals relative to body size, and bigger nerve centers for making faces. Blunt expressions of fear, disgust, and pleasure present in all mammals broke loose of their roots as involuntary reflexes and added layers of individual subtlety. A glance could convey volumes. Like a band of marines, the monkeys functioned as a food-gathering unit, their feasts anticipating the present-day communal meal.

			Seared Fish with Olive Garnish; Fricasseed Gazelle

			In a system of basalt caves near the edge of a lake, early humans built a hearth circled by stones. Their community lived amid plenty: the lake had schools of catfish, tilapia, and carp. Crabs scuttled over the sand. Turtles meandered. On nearby hillsides, wild olives and grapes were there for the taking. The women and children would gather food and toss it into the fire. They’d watch it singe and crack, then push it out with sticks, popping the best bits into their mouths so their tongues burned, savoring the carbon-flecked flesh of fish and fruit. Men sometimes tracked and killed animals for meat, but more often they found leftovers, the remains of a deer or an elephant freshly killed by some predator. They stripped the meat and roasted it, blood and fat sizzling.

			Starting about a million years ago, groups of some close relative of Homo sapiens occupied this campsite, located at the Gesher Benot Ya’aqov cave in the Hula Valley in modern Israel. It was a pleasant spot, rimmed by mountains that cooled the desert climate. Fresh water bubbled up from mountain springs and flowed into a river just to the south. The groups stayed for tens of thousands of years, until a mudslide or cave-in entombed the campsite roughly 780,000 years ago. In 1935, archaeologists from the Hebrew University of Jerusalem discovered the cave and began a meticulous, decades-long excavation. They uncovered an amazing story of prehistoric dining, and a snapshot of how flavor emerged from its animal origins.

			Excavators uncovered clusters of burned flint shards, as well as chunks and splinters of singed ash, oak, and olive tree branches. Studying these in the 1990s, archaeologist Naama Goren-Inbar deduced their condition could not have been the result of a random wildfire. Fires caused by lightning strikes burn briefly across wide areas, and at lower temperatures than man-made fires, which are carefully tended to focus their heat. The food items had been roasted at high temperature. The Gesher Benot Ya’aqov cave dwellers had achieved the Prome­thean ideal: they could control fire.

			They were using it to cook. Husks of burned grains and acorn shells were also found in the main hearth area. The residents had roasted seeds from prickly water lily plants, water chestnuts, olives, wild grapes, and holy thistleberries. There were cooked fish bones and crab claws, as well as bone fragments from deer, elephants, and other animals. Fire was only the most potent of a whole suite of tools used in food preparation: these early humans had a kitchen. One area was devoted to gutting fish. A space used for processing nuts had hammerstones and pitted anvils that had been used as bases for smashing the shells of acorns before roasting them. More anvils, these used for making flint tools, were nearby.

			Their own remains have not been found—they may have disintegrated over a million years, or been buried ­elsewhere—so it’s not clear what, exactly, these early humans were. They may have been members of Homo erectus, a species whose brain was about three quarters the size of that in modern humans, and who had a facility for toolmaking. Homo erectus had migrated out of Africa by this time, ranging as far as the Caucasus and into East Asia before disappearing about three hundred thousand years ago. Or they could have been another, perhaps still-unknown, predecessor to modern humans. Either way, they were radically different from their immediate ancestors.

			“They were pretty impressive. One may say that they were pretty modern,” said Goren-Inbar. “They knew the cycle of life of many animals and their drinking, eating, and social habits. They knew what plants to eat, and they knew where to go and grab raw materials to produce the stone tools: basalt, limestone, and flint. Those materials are very different, and they had to go and pick them up in different places. Even the fracture mechanics are very different, so making tools out of each required different skills. All in all, they were very sophisticated.”

			Over a few million years, a blip in the history of life, toolmaking, talking, self-aware beings evolved from groups of apes living in trees. The Gesher Benot Ya’aqov site offers a tantalizing glimpse of this transformation, in which taste, smell, sight, sound, and touch coalesced into our own flavor sense—a new type of perception that helped give birth to the human form and to culture.

			Human evolution bears some resemblance to what happened in the Cambrian explosion and many times between: in the never-ending search for the next meal, bodies grew more agile, perceptions clearer, brains larger, behavior more ­complex—and flavors richer. But each story is different, each species’s sense of flavor the result of a singular set of evolutionary conditions. As our monkey ancestors munched on fruit, natural selection pushed the tastes of other mammals in radically different directions. Whales and dolphins, which evolved on land, lost the ability to taste sweet, bitter, sour, and umami when they moved back into the sea, leaving only a sensitivity to salt—perhaps because most swallow fish whole and have no need to taste them. On their diet of meat, cat species grew insensitive to sweetness. And after they abandoned meat for bamboo, the ancestors of giant pandas could no longer taste savory umami. Humanity’s emergence was a singular event, the result of an unlikely series of twists. If geography, habitat, natural selection, and plain luck hadn’t converged in exactly the right way, we wouldn’t be here.

			Exactly how this happened is mysterious, but there are clues in the archaeological record and hints in our own anatomy and behavior. One element was nearly constant chaos. Early humans lived on an ecological precipice that was always giving way beneath their feet. Around the time monkeys developed three-color vision 23 million years ago, the African continent shuddered and split. The ground over the fault collapsed, and rising plateaus on either side blocked the passage of rain clouds. That and other climatic changes dried out the African jungles and fragmented them like a dropped jigsaw puzzle. The forest scavenger’s mix of fruits, nuts, leaves, and insects that had sustained monkeys and apes was scattered farther and farther apart, separated by dangerous open spaces. Natural selection went into overdrive; dozens of ancestral human species branched off in these changing environments.

			• • •

			Roughly two million years ago, the ground suddenly opened up under the feet of an adolescent male and an older female. (It’s unknown whether they were together, or whether this happened to each separately.) Each fell dozens of feet into a vaulted underground chamber. They landed hard on the bones and rotting carcasses of other animals, and either died instantly or lay gravely injured until their end. Over time, layers of grainy, cement-like mud encased and preserved their remains.

			In 2008, nine-year-old Matthew Berger was chasing his dog near an archaeological dig in the dolomite hills outside Johannesburg, South Africa, when he tripped on a log. “Dad, I found a fossil!” he shouted to his father, paleoanthropologist Lee Berger. It was the remains of the adolescent boy, who would have been four feet two inches tall. The elder Berger soon found bones from a female skeleton. They were the first of their species ever found, dating to just under two million years old and dubbed Australopithecus sediba. (Sediba means “fountain” or “wellspring” in the local Sesotho language.) Since then, the remains of an adult male and three infants have also been unearthed at the cave site, known as Malapa.

			Australopithecines were descended from the first human ancestors to split off from the ape family tree, a few million years before the time of the Malapa fossils. “Lucy,” from the related species Australopithecus afarensis, is the most famous such fossil; her 3.18-million-year-old bones were discovered in Ethiopia in 1974. She walked upright, but had long arms and powerful hands for grasping branches. The sediba pair lived a million years later than Lucy. They had the larger brains and nimbler bodies typical of later species. But when it came to food, they were curiously backward, standing at the threshold of change, but seemingly unable to cross it. The fossils were unusually complete and revealing, given their age, and among the remains were jaw fragments with nearly perfectly preserved teeth. As any watcher of police procedurals knows, dental records tell a story: what their owners ate, how they ate it, who they were.
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